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chool science curricula are changing. There are more hands-on and inguiry-
oriented lab activities. Work with DNA is popular with students and feasible
for both classtoom teaching and student projects. There are many ways to
study the chemical and hiclogical properties of DNA, among them, con-
struction and propagation of recombinant DNA (rfDNA) molecules.

Scientists have been conducting tDINA research in accordance with safety guidelines
issued by the federal government. The Nacional Institures of Health CGuidelines for Research
Involing Recombinant IINA Molecriles provides a framewaork o ensure the safery of research
projects. These procedures include establishing the safery of the IXNA molecules and their
host organisms, checking the facility in which wark will be performed. training all involved
and planning for the dispasal of materials.

These guidelines concern working with vecrors, fONA and their bacterial hosts in
precollege classes. Many of the procedures involved in construction and propagation of
rDINA molecules are based an standand micrebiology cechnigues that are also applicable 1o
other rypes of DNA studics. Using these prudent metheds of handling DNA, host
organisms, associated chemicals and equipment will assist with the success and safety of
LINA studies in school classrooms.

Regulators and scientists agree that the safery of certain types of work with rDNA has now
been so well-established that thevare "exempt” from the NIH puidelines. Iris notsurprising,
then, that lubs using plasmids, tDIN A and host bacteria are being conducted in high school
biology classes. What is missing, however, is a relevant ser of guidelines for precollege
teachers and students.

Safery is a key issue in all laboratories. The guidelines for working with DNA and host
organisms outlined in this publication are similar to Good Laboratory Safery Practices
(GLSPs) used by research scientists. Teachers can institl safe and responsible behavior in
theit students by example and by proper instruction in following satery guidelines. As
students follow these guidelines, they will gain anappreciation for how scientists work in the
laboratary and will develap valuable work skills. ‘'he guidelines outlined here address both
microotganisms and chemicals used in the expenmental procedures,

In essence, the key to safety in working with any microerganisms--whether or not they
involve tDNA molecules—is to follow Standard Microbiological Practice, as defined in the
Centers for Disease Control-Nanonal Instioaes of Healch {CDC-NITH) manual. Bresafety
int Microbiological and Biomedical Laborarories. The supervising teacher should be crained
in the practice of these wchniques.

For those student experiments specifically involving recombinant DINA rechniques, do the
following:

= Maintain standards for good microbiological practice

+ Use only organisms and TMNAs that are exempt frotn the NIH guidelines

* Verify that the supervising teacher is crained in standards of good microbielogical
practices with 2 working knowledge of the arganisms and materials involved

+ Ensure that classraom labs have standard safery equipment such as a firc ex-
ttnpuisher, fire blanket, gopgles, aprons, shower, first-aid kit and eyewash station,
and have adequare work space per student to safely conduct experiments.

Teachers can

instill safe &

ble bebav
tn1 their students
by example & by
proper instruction
in following safety
guidelines.
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Why follow DNA
safety guidelines
in high school?

Safe handling of [DNA and
its host prganisms is not
difficulr. The key requirements
are the proper handling of
chemicals and the practice of
goad microbiological tech-
nigues. These standards
should be mainrained with
microorganisms whether or not
recombinant DINA experiments
are involved. Following safery
tneastires means proceeding
with caution and following the
proper steps every time.

In fact. NIH guidelines for
research invelving rONA
apply 1o anyone receiving
federal funding for this bype
of work, and manufacturers
voluntarily follow these
guidelines. [n addition, all
professional facilicies chat
do rDNA work conduct
biosafety training programs
for their employees. Simple
instruction in biosafery is
possible and desirable in high
school ¢lasses as well.

In the early 1970s it became possible to construct recombinam DNA molecules. By using
highly specific restriction and ligation enzymes, scientists could join different LINA
molecules togecher and combine narural ot synthetic DNA 1o DNA that could be replicated
in a fiving cell. Almost immediately, scientists convened to discuss health and erhical
implications, At 2 1974 meeting, held ac Asilomar Observatory, the participants decided
there was a need for national oversight and guidelines. The Narienal Institutes of Health
(Mfice of Recombinant DNA Activities was saon farmed.

After almost 20 years of worldwide research experience with tIDINA, it has become clear
that it is safe ta conduct research on cerain DNA sequences and hose organisms under
appropriate conditions and with responsible handling, As a result, many types of experi-
mentsare now designated as “exempt” from the guidelines. The exempr cases involve special
bacterial strains used for DINA work that are physiologically weak and dependent upon
specific laboratory conditions for survival; they cannot survive in humans, animals, plants
or the enviranment outside the taboratory. Exempt DNA molecules and hests can be used
without first having the research and working conditions approved by a review board.
However, in all cases, even when working with exempt materials, the experimenter should
use good microbiological practices.

‘Fhe techniques involved are relatively simple, requiring little more than an understanding
af how 1o handle common mictabes and chemicals safely. Many of the procedures can be
performed over a short period of time. using small and relatively inexpensive equipment.

The ease of conducting I'NA wark and related rechniques has made these procedures ideal
for high schoal classes. The technotogy is popular among biology and chemistry students.
DNA technology has been incorporated into biology classes and is now a part of the
Advanced Macement [AP) Biology program. The AP Biclogy course autline includes rwo
DNA manipulation experiments: DNA resericrion and bactenial transformarion. DNA
manipulation and tDNA technology also have potential for student science fair research
ptojects. In the past few years, thousands of LS. high school science teachers have been
trzined in [DNA science, including the use of rDINA,

When students perform laboratory acrivities that involve construction of recombinant
DNA molecules, these rDNA molecules should be comparible tor propagation in Escherichia
coli (& colf) K-12 bacrerial host strains, This system will be sufficient for all reaching
purposes and more than adequate for science project experiments that are conducted in
schoal with teacher supervision. These DNA sequences and organisms are exempt from
[N[H guidelines. Other kinds of studies thar use DNA, such as polymerase chain reaction
(PCR) analysis of buccal samples, do nat invelve construction of recombinant I¥NA.

Before you begin

These guidelines are intended to assist the teacher whe already has training in working
with microbes, DNA and associated chemicals. There 2re many excellent courses with
academic credit offered by universitics 2nd training centers that teach these methods. The
tcacher should be familiar with aseptic techniques, methods far sterilization and the safe
handling of chemicals in the classroom. General laboratory safety guidelines should always
be followed. Sources of existing discrict and state guidelines may be available fram a science
supetvisor ar fiom the teacher's state education department.



Mew kinds of work with 1DNA include:
* Constructien of recombinants and their propagation in host erganisms
¢ Lisc of commercially prepared rDNAs containing safe DNA sequences
+ Classical bacterial transformacion labs
» Restriction etreyme analvsis and gel electropharesis
* PCR amplification
Follewing the general practices described here will help promote success in all types of
DA studies.

Contents of the guidelines
I Permitted DNA Molecules, Vectors & Recommended Host Organisms for
Caonstructing eFDINA
1. Preparation of Marterials & the Work Area
* Marerials
* Wark Arca
1. Storage of DMNA & Bacteria
IV, Standard Microbliological Practices & Asepuic Techniques
* Standard Microbiological Practices
* Aseptic Techmiques
V. Handling of Chemicals, Cleanup & Disposal
* Havardous Chemicals
* DNA Saining Solutions
= Spills
* Cleanup & Disposal
* Supervision
¥1. Appendix: Examples of Experiments
VII. Acknowledgments
VIIL References

Flgure 1: Student loading
o samiple of DNA for
analysis by agarese gel
elrcraphoresis,

Who helped
formaulate these
guidelines?

These puidelines have heen
L‘umpilcd with imput fram
experts in industry and
academia in the arcas of (DNA
technology, biosafery and risk
assessment; school district
SCICOCE SUPETYISHS; Sclenoe
researchers and trainers; and
]']igh SChOO] fEﬂthm "r'-'hf.l
conduct tDMNA labs in their
classroams. This documens
describes ways to work with
I35 A znd host urganisms n
]Jremﬂfg:: classooums, We are
confidenc that the informacion
provided will be useful for
school administrators, teachers,
srudents and members af 1he
cammunity.

Tudy Crrambacher




I PermuttEp DNA MoLecuies, VECTORS ¢ RECOMMENDED
Host OrGanisms FOR CONSTRUCTING rIDINA

E coli K-12 &
its compatible
cloning vectors
are recommended.

Fxperiments that use £, cof/ K- 12 host-vectot systems are exempt {rom the NIH guidelines
(Federal Register. 51. 16957}, This means that any piece of DNA that has been previously
established ta code for 1 safe compound can be propagated in £, coff K-12 using a plasmid
vecror that is comparible with £, epff K12,

For precollege teaching and classroom tescarch purposes, £ 0/ K-12 and its indigenous
plaseid derivatives, chromosomal or phage DNAsand safe insert DNA segmencs from other
arganisms, ate recommended in TDNA lab activicies and related experiments.

Frsere DNA mofecules
NA malecules wsed as inseres in recombinant DNA should be well-characterized and
known to be nontoxic ra humans, animals and plams, based on analyses by scientists.

Recommended vectar DINA molecales

Exempt vecrors for £, cofi K-12 cantain £, 06ffK-12 DNAand DNA originating in viruses
and plasmids that normally infect E. coff K-12. The plasmids, pAMP, pKAN, plC and
pBR 322 and the bacterial viruses. bacteriophage M13 and lambda, are examples of vecrars.

Recommended hosts

Although exempt host organisms include the bacteria Baviffies snbrifis and the yeast
Saccharamyces cerevisiae, the genetic components of £ cofi K-12 bacteria are understood far
better than thase of the other two host organisms. Therefore, NABT recommends the use
of E. coli K-12 for classtoom rDNA procedures,

Table 1: Summary of Recommended DNA Molecules & Host Organisms
for Student Constructions
DNA Molecules Host Bacteria
vectors E. colil K-12 sirains
MP
EAKnN MM204
gUC ' ' or HB101
pHR322
M13 JM series
DNA inserits
Bacteriophage lambda
Bacteriophage T4
k. coli sequences
Any of the above listed mids, viruses or parts thereof
Any welh-characterized, nontoxic DNA segment

What cannot be done

Recombinants containing DNA coding for oncogenes. or other human, plant or animal
toxins (including viruses) cannot be madeand/or propagated in £ coffK-12, yeastor 8. subtilis
vector DNA molecules in precollege classrooms.



II. PREPARATION OF MATERIALS ¢ THE Work AREA

Adherence o good microbiological and chemical safety pracrices and aseptic techniques
protects the individuals working with bacreria, TDNA and chemicals. But ihere is anaeher
equally important satery pracrive--keeping the cells. DINA and chemicals free of contami-
nants. Using stetile botiles, tubes, tools and solutions helps to minimize contaminarion of
the experiment. Various sterilizztion methods are available, including steam ste rilization in
an autoclave or pressure cooker, dry heae, filtration through a membrane with pore size of
0.45 micran or below. flaming or purchase of presterilized muterials.

The method vou choase will depend on the pardicular materials used and on your schonl's
Facilities or the availability of facilities ar a nearby laboratory or haspiral. Certain chemicals
remain stable during steam sterilization (see page 7. Table 2: Sterilization of Liguids,.

MATERIALS

When working with plasmids or microorganisms such as £ eofiK-12, reagents, mediaand
glassware must be sterilized to minimize che risk of contamination. Depending upon the
marerial, supplics can be steritized by a pressure cooker, autoclave, diy hear or filrering
through a 0.4 micron pore-size filter. Ascptic handling of sterilized marerials is alsa vssential
10 1he success of the experimen.

I30 not sterilize DINA or bacteria by heating or autmclaving, as this destroys the biological
activicy. Filter sterilication af pure bactenial cultures or [INA is unnecessary.

Crlassinare
Aytoclave glass for 15 minures ac 15 paunds per square inch of pressurc and 121°C0 To
help ensure that the inside of the vessel is sierilized. rinse icwith discilled water, leaving a few

drops of warer inside. Be sure the vessel apening is leose enough so thatthe steam tha tarms
inside can escape. There are many alternatives for covering the vessel: screw caps (loosen
half a turn), culture caps or aluminum foil for test tubes, aluminum foil tor beakers, and
gauze-covered cotton stoppers for large test tubes or Erlenmeyer fasks. Lay empty glassware
on its side in the autoclave (o help the steam circulase, Weap other glassware in heavy brown
paper or atuminum fail. Aluminum foil can be reused several times, bucbe sure to check for
holes ar tears. Todistinguish between stertlized and unseerilized 1eems. tag witha small picce
af suteclave indicator tape. Autoclave tape has marks that change color when heated (see
insert, Figure A, In addition, mark the date in pendil an the tape.

Although autaclaving is preferable. glassware may be sterilized by baking aca remperarurc
af 160°C for two hours. Another alternative Is to use a pressute cooker for 15 minutes at L sin g sterile
15 pounds per square inch of pressure.

bottles, tubes,

Srerf'fej pfm:fre.uarfﬂ . _ | tools & solutions
Seerile plascic disposable pipettes and test tubes are used in many laborarories and are

available from most science lab suppliers. Presterilized materials may be wsed effectively bﬂ#}g 1o mintinize

without flaming. These materials may melt or burn if flamed. Steam autoclave for 30 . .

minutes ot soak for one hour in 10 percent bleach {1 volume of bleach plus 9 volumes of CORIamMInation ﬂf

warer! before disposal. thg Eﬁ?ﬂﬁmﬂ'ﬂﬂ



PREPARATION OF MATERIALS ¢ THE WORK AREA

Check the lab
activity manual
for detailed
preparation
instructions. Ask
Jor assistance from
the technical
service departinent
of the company
where the material

was purchased,

Toolks

Srerilize metal tools by autoclaving for 15 minutesat 15 pounds per square inch af pressure
and 121°C. Flame-sterilize wire inoculating laops as well as glass and metal spreaders since
they are used for transferring and spreading cells.  Forceps and spreaders can be baked ar
160°C for owo hours, or flame-scerilized by dipping in 70 percent ethanal or isopropyl
aleohol, and allowing the alcohol to burn off. Keep the alcohol soak beaker away frorn the Hame,

Media

Most culrure media. such as nurrient agar and broth, and Lurnia 2gar and broth, can be
autoclaved. For volumes of 1 liter av less per conrainer, 15 minues ac 13 pounds per square
inch of pressure and 121°C is sufficient. If the medium is sterilized wo long, the sugar
carametizes and turns dark brown. Scrive for a deep golden colorwith the standard medium.
Luria Bertani {LBY broth, but do net autoclave for less than 15 minures a1 che pressure and
temperatute indicated. Most media can be stored ar raom remperature after sterilization.
Store poured plates upside down in plastic steeves to prevent them from drying out. Keep
at rootm temperiture 50 you can detect contaminacion before beginning an experiment. If
you prepare the ptaces aseptically, they will fase at least a week at room temperature. Store
plates with antibiotic in the refrigerator to maintain activity. Some components of the media
must be autoclaved separately or filter-sterilized. Check the lab activing manual for detailed
preparation instructions. Ask for assistance from the technical serace department of the
company where the material was purchased.

Additives

Many addirives can he autoclaved, but some need 1o be filter-sterilized because che heac
will inactivate the substance. Check the preparation instructions; call the supplier of the
alditive if specific instructions cannat be found. Some vitamins, amine acids and antibiotics
should not be autoclaved, but can be filter-sterilized. Use filters with pore sizes of less than
.45 micron, preferably 0.2 micron, and filter into a sterile container. Most additives need
ta be kept frozen ar stored at refrigerator temperature (4-8°C)),

Antibiatics

Must antibiotics are hear sensicive, Prepare the required concentrate using distilled water
or alcohal per instructions. Aleohol solutions can be considered sterile and need no further
treatrment. Fileer-sterilize water solutions and store small portions in the freezer in sterile
plastic or glass culoure cubes, It is best to preparca 100X stock solution, so that 0.01 volume
of the aniibiotic can be added per volume of culture medium (e.g | ml of 100X stock
antibiotic per 100 m] of medium). When adding an antibiotic to a medium containing agar.
first coal the apar medium w 50-60°C, the temperature of hot tap water. Mix well by
swirling, then aseprically pour inta the plates,

WORK AREA
Planning
Think through what is planned. Have scudents read the "Swdent’s Working Checklist”



PREPARATION OF MATERIALS & THE

Lelow before beginning any lab. Make sure no students are allergic to materials used in the
lab. Prepare the materials, pout the plates and transter the cells ahead of time. Keep cold
materials on ice. Have only the needed marerials in the immediare area.

Work AREA

STUDENT'S WORKING CHECKLIST

Before you begin, carctullv read the instructions, Keep chese instructions visible as vou work.

1. Wash hands with andbacterial scap.

Keep reapents, bialogicals and hands away from mourh, face and hair,

Have disinfectant and paper towels nearby for spill cleanup.

Make sure alt papers, plastics and alcohol beakers are away from the Bunsen butner.

Report spills immediately to 1he wacher/supervisor,

Keep hands, hair, arms and sleeves away from the openings of all vessels and raols.,

Dispose of all materials properly by punting bacrerial and recombinant INA waste into

a biohazard bag or basin far decontamination.

8. Clean up the work area when finished.

9. Wash hands again with antibactenial soap.

10. Make sure vou are aware of the location of the nearest fire excinguisher and cyewash
KLatior,

G

I have read and undersrand cach of These instructions before beginning the lab. As | worrk,
[ will comply with these instrucrions. signed

Disinfection

Befare vau begin, wipe down the work beneh with a solurion of 10 percent bleach {1
volume of bleach plus 9 volumes of rap water). After using microbes or DNA, wipe down
the work area with the 10 percent bleach solurion. Prepare the bleach solution fresh each
day. Fxposure 1o light degrades bleach, and it will break down rapidly if the water is acidic.

Table 2: Sterillzation of Liquids

Agar Autoclave™ RAcom tamperatirs

Amino acids Fiitar*" 40C

Antibiotics Fittar -200C

Bacto-peptane Autoctave Raom ternperature

ECTA Autociave Roorn tamperature

{Giucose~—20% Atrtociavi Room ternperature

Glucose—1-2% Filter (low concentrations  Room temperature
cammelize if autoclaved)

Salt solutions{w/out glucosa)  Autoclave Room temperature

Vitamins Fitter -20°C

Water Autociave Room tampearatura

*Autociave-—{15ibvin 2 1 1219C for 20 min.

“Filtar—0.45 pm pora 5ize

Source: Table adepted from Cuifurs of Animat Cells by R. lan Freshney, with parmission.

Procedures for
isolating DNA bave
been developed that
minimize use of
toxic & flammable
chemicals, while
yielding material
suitable for restriction
enzyme analysis &
rDNA production.

-



PREPARATION OF MATERIALS ¢ THE WORK AREA

choose DNA Wear gloves when using bleach. You may substitute Lysol or some other hospital disinfectant
(Roceal, Wescadyne) diluted according to the manufacturer's insteuctions, Keep all the

WPWCEde reagents tightly covered when not in use,
that do not require | g, ..,

Hse qf Pbmf or Exercise extreme cautiuln when work'fng around an open flame. Do not allow students to
wear hats or dangling earrings. Long hair should be pulled back securely. Keep papers, plastic
cbfomﬁrm and especially alcohol as far from the flame as possible. Shake off any tools that were soaking

in alcohol before passing them through the Hame. Allow taols to cool to room temperacure
before rerurning thent to the alcehol. Keep alcohol containers covered when not in use.

Chganic solvents
Procedures for isolating DNA have been developed thar minimize use of toxic and
Aammable chemicals, while yielding material suirable for restriction enzyme analysis and
rDNA production. These microscale methods help w further minimize chemnical hazards.
lmponant Notes:  Lthyl aleohal is flammable.

Mcthanol is both extremely flammable and toxic.

Chloroform is toxic.

henel burns skin en convact,

Use a chemical fume hood when handling methanal, chlareform or phenol, and wear
goggles, plaves and a lab coat ar apron. When possible, choose IINA isolation procedures

Table 3: Stertlization of Equipment & Apparatus
ltom ' SteriXzation
Apparatus containing glass & sillcons tublng  Autoclave®
Disposable tips for micropipeties - Autocleve
Fiters—Milllpore, Sartorius Autoclave
(Hassware Ty haat
Glass botiles with screw caps Aujoclave
Glass coverslips Dry heat

- Glads ghdes Dry haat
Instruments Dry heat
Magnetic stimer bars Autociave
Fasteur pipettes—ylass Dry heat
Pipattes—glass . Dry heat
Screw capy : .. Auteciave
SiHicone tubing ' Autochave
Stoppers—rubber, silicona . Autociava
Test tubes - : _ Dry haat

* Autoclave—{16An 2 1219C for 20min, . ™ Dry Hest—1600C/2 hes,
Source: Table adapted ror Cultuns of Animel Colls try R lan Freshney, with perritision.




PREPARATION OF MATERIALS ¢ THE WORK AREA

that do not require use of phenol er chloroform. 'T'o minimize student exposure, the reacher
can dispense these chemicals at the hoaod.

Waste contarners
Do not mix acids, bases and organics in the same container. Discard razor blades in a
secure, well-marked container, such as a coffes can with a slic in the lid. Keep bleach
containers well-marked.
E. coli K-12 cultures, Peuri plates and biological waste solutions can be disinfecred by
either of two ways before discarding:
s+ Put bacterial waste into a specially marked biohazard bag and auteclave ar 15
pounds per square inch of pressure for 30 minutes at 121"C, Biohazard bags are
made of a plastic that will net melt away during autaclaving.
» Place in a plastic or enamel bin and soak one hour in 10 percent bleach.

Preparing 1o work
» Studems should conduct work with microerganisms only under the direct supervision of

a trained teacher or scienrist.

+ Keep nearby: 10 percent bleach, Lysol or standard hespital disinfecrans for use
in case of a spill.

s Have sterile marerials available including culture media, glass or plastic Petni
plates, culture rubes or flasks, and pipertes,

*» Keep paper towels nearby in case of spills.

+ Caution students not 1o chew gum or apply lipstick, gloss or lip ¢ream. Caution
them to keep all pens and pencils, hair, jewelry, paper, cough drops, fingers and hands
out of their mouths whenever they or others are wotking with microorganisms. This
is standard safe behavior in any biology or chemistry classroom lab.

* Have students keep long hair tied back and remove harts or dangling carrings.

*» Wash hands before and after deing any work.

+ Fncourage students to check with the teacher if they have any questions, Students showld
conduct work with
MICrOOTgaAnisms
only under the
direct supervision
of a trained teacher
or Scientist,




Il STORAGE OF DNA ¢ BACTERIA

Due to health &
safety hazards, do
not store DINA,
microbes or
chemicals in
refrigerators that
are used for food

or beverages.

i

Staring DNA

Maost DNA can be stored in a refrigerator or freceet. Lo not store DNA, microbes or
chemicals in refrigerators that are used for food arbeverages, Read the supplier's instrucrions
ro derermine whether DNA is to be refrigerated or frozen. IE e DINA s to be used several
times during the vear, divide it into smaller portions {aliquats) betore freczing. If DNAs
subjecred o repeated freeve-thaw cycles. the Jong DNA molecules begin 10 break down. Far
this reasan, IDNA should not be stored for long periodsin a freezer with an automatic defrost
cycle, Itis gond practice o kandle DINA molecules aseptically. so that bacrerial conrami-
nants do wot enter the experiment through this route.

Storing host bacteria

Bacreria can be siored as slancs, stabs, plates, frozen culures ar-70"Clarin liquid nitrogen,
but tn most schools only stants. stabs or plates will be used, Store slants or stabs at room
temperatuce: stare plaresin the refrigeratorand seal with Pa rafilm or masking tape to prevent
drying. Due to liealth and safery hazards, do not store in a refrigeratar used for food or
bc"ﬂ.‘rﬂgl’:.‘i.

PPropagate bacteria from plare cultures at least monthly to cantinug w0 have live cells. Be
sure these are pure cutrure places so that a contaminared colony of cells that cannot support
growth ofthe IDN A is not inadvertently selecred. Conraminantscan be harmiul erganisms
and prabably cannot be transformed by 1MNA. Observe stock cultures for uniformiyy of
colonies. Avoid picking a contaminant.

When preparing for a cransformation experiment, always begin with asingle colony from
a streak plate. Prepare this the day betore growing a liquid culwure, Check chart the culture
remains antibiotic-sensitive. Do this by sereaking on a fresh nurrient agar plate containing
theappropriate anribiotic the day before conducting the experiment. Include thisas acontrol

when g:nndur.'ting a transtormarion experiment.

Figure 2 Streaking the sterile agar
surface of a Petrd dish to obtarn solared
I,



@ 1987, Alan R, Liss, Inc.

Figure D (top left): Proper technique for holding cap and
pipette. Figure E (top right): This photomicrograph
shows the copious production of aerosols and droplets
when the last drop in a pipette is blown out. Figure FF
(middle): Autoclave tape: invisible lines to black.
Figure G (bottom left): Holding vessels horizontally.
Figure H (bottom right): Notice neat work area.

Judy Grumbacher

Judy Grumbacher
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STANDARD MICROBIOLOGICAL PRACTICES

Handle all bacteria and DNA carefully. Treat them as if they were

z'nﬁ’ctious.

1. Keep classroom doors closed during lab periods.

2. Do not eat, drink, smoke or apply cosmetics in the work area.

Store food in marked cabinets or refrigerators outside the work area.

3. Wash your hands both before and after handling viable materials
and before leaving the laboratory.

4. If you have cuts on your hands or arms, wear latex gloves for
protection.

5.Weara laboratory coat to prevent contamination or soiling of your

clothes.

Launder in hot soapy water with bleach.

6. Do not mouth pipette anything.

Use mechanical pipetting devices.

7. Perform all procedures carefully to minimize the creation of
aerosols.

Do not force the last drop of liquid from a piperte. First, place the pipetre tip close to the liquid layer,
then discharge the fluids down the inner wall of the tube or bottle.

8. Decontaminate work surfaces once a day and after any spill of
viable material.

At the beginning and end of each class or session, have student assistants wipe the work areas down
with a 10 percent bleach solution or appropriately dilured disinfectant.

9. Decontaminate all contaminated liquid and solid wastes before

disposal.

Loosen bag seals, caps, lids, etc., so steam or disinfectant can circulate. Steam-autoclave or sterilize
in a pressure cooker for 30 minutes at a pressure of 15 pounds per square inch and temperature of
121° C. When cool, dispose of materials according to local and government regulations. Alterna-
tively, place waste materials in a plastic or enamel bin and flood with a 10 percent bleach solution.
Soak for one hour, then rinse well before disposal according to local and government regulations.

(Adapred from CDC-NIH Biosafety in Microbiological and Biomedical Laboratories, 2nd ed., May 1988, pp.11-12.)



Aseptic TECHNIQUES

Remember! YOU may be the major source of contamination.

Hands, face, hair, clothing, the outsides of all objects - even the air -- contain microbes that can en-
ter and infect the experimental culture. Aseptic handling helps minimize exposing the culture or DNA
to microbes that naturally and normally are on the body or in the air, reducing the probability of

contaminating experiments. These methods apply to teachers and students doing lab work:

1. Use sterile media, vessels & tools.
Purchase or prepare sterile culture media. You may also need to have sterile additives, water for
dilutions, pipettes, cylinders, flasks and bottles. Media poured into non-sterile vessels will become

contaminated by unwanted organisms.

2. Keep your hands far from the working ends of tools & vessels.
Keep hands from the rims or necks of bottles. Hold forceps, spreaders and loops far from their
working ends. Handle pipettes only upstream of their safety lines. If the tip of any tool may have

touched a non-sterile place, use a fresh, sterile tool.

3. Keep your work area neat.
A properly organized work area helps to keep the process aseptic. Place items near the work area.
This procedure helps prevent contamination and allows items to be moved into and out of the work

area as needed.

4. Keep vessels covered when not in use.
Keep loosened caps on the bottle or tube. Remove caps only when transfering in or out of a tube
or bottle. Streak or spread a plate while holding the lid at an angle. This will minimize the entry

of unwanted microbes into the culture or media from the air.

5. Hold vessels as close to horizontal as possible when making a
transfer.

This will minimize entry of unwanted microbes.

6. Do not pass your hands or arms over tools or open vessels.
Hands, face, hair, arms and sleeves naturally and normally harbor microbes, which can contaminate

the experimental culture. Keep hands out of pockets and away from face and hair while working,

7. Practice aseptic handling BEFORE conducting the actual

experiment.



IV, STANDARD MICROBIOLOGICAL PRACTICES ¢ ASEPTIC
TECHNIQUES

At this time, only Biosafety Level 1 work is suggested for high schoals, This is defined as At this time ﬂﬂ.{y
being “suitable for work invelving organisms of no known or of minimal potential hazard ’
ta laboratary personnel and the environment.” {CDC-NIH Brosafety in Microbivlogical and Bfﬂfﬂfil?ty Level I
Biowedical Laborarories, 2nd ed., May 1988, pp. 7. 11.) Level | studies can be pertarmed .
on a regular lab bench using standard microbiological practices. Mo special containment work is s Hgges fﬂd

hood 1s necessary. ﬁ?" bfgb Sfbﬂ HIS

STANDARD MICROBIOLOGICAL PRACTICES

(Adapred from CDC-NIH Brasafery i Mivrobivlopical and Blamedical Labovatories, 2nd od.. May

1988, pp.11-12.)

1. Access to the labaratory should be limited or restricted ar the labaratory dircctor’s dis-
cretion when experiments are in progeess.

. Decontaminate work sutfaces once a day and after any spill of viahle material. tis
prudent 1o have students wipe the benches down with 1Y percenc bleach {1 volume of
bleach plus 9 volumes of water from the tap) or disinfectant at the beginning and end of
each class or session. Make sure no student is allergic to bleach before using and that

]

gloves are worn when using the bleach.

3. Decontaminate all contaminated liquid or solid wastes before disposal. This is done by
stcam-sterilizing in an autoclave for 30 minuces at 13 pounds per square inch of pressure
at 121°C. When cool, the wastes are ready for disposal. An alternate method of
sterilizarion is 1o soak wastes in 10 percent bleach for ooe hour, then rinse befare disposal.

4. Mouth pipetting is prohibited (see insert. Figures A-D}.

5. If you have any curs on expased hands or arms, be sure w wear gloves or do not handle
the D'NAs or cells.

f. Do not eat, drink, smoke or apply cosmetics in the wark area. Food may be stored anly

ity designated cabinets or refrigeratars located ouside the work area,

. Lab participants should wash their hands both hetore and afeer handling viable materials

=

and hetore leaving the laboratory.

8. Perform ull procedures caretully o minimize the danger of acrosols {see insect. Frguere £).
For example, de nat farce the last drop of liquid from a pipeite, Place the piperte tip in
the receiving vessel close to the liguid layer, then release che last drop.

4. Wear laboratory coats, gowns or uniforms to prevent contamination or seiling of street
clathes. These can be laundered in hot water with soap and bleach.

Special practices

1. When autoclaving materials for disposal, loosen battle caps and apen the bags sa steam
can circulate--to prevent the buildup of steam pressure and rthe possibiliey of explosion. [f
deconramination is to take place away from the labaratory, tightly seal contaminared
materials inadurable, ]mk—pmofconmincr fortra nspert, Avutoclave for 30 minutes ta be sure
thar all marerials have been heated long enougli 1o destroy spores and other contaminants.

2. Check with the school’s engineer concerning the building's insect and rodent control
program. Do no conduet any tDINA experiments withour such a program.  Pur away all
matetials when not in use: insecrs and rodents may b artracted o spi]lug& from contami-

nated marterials,

ff



STANDARD MICROBIOLOGICAL PRACTICES ¢ ASEPTIC

TECHNIQUES

Remember!
YOU are the
major source of
contamination.

Conrainment equipment

Special containment equipment generally is not required for manipulations. A biosatery

cabinet is not necessary.

Laboratory facifities

—

2z,

. The laboratory should be designed so that it can be cleaned easily.

Bench tops should be impervious 1o warer and resistant to acids, alkalis, organic solvents

and maderace heat.

. Laboratory furniture should be sturdy with the spaces between benches, cabinets and
equipment accessible for cleaning,

4. Fach laboratory should have a sink for handwashing.

. 1f the labotatory has windews that open, they should be ficred with screens.

. Safery equipment should include a fiest-aid ki, fire blanket, all-purpose tire extinguisher,
eyewash station, shower and lab aprons for each studenc.

. Each student should have his/her own safety gopgles. Safety gogples should
not be shared.

. The laboratory must provide adequate wark space for each student. Space should be
available for alt sudents to conducr the experimenr simultaneously.

ASEPTIC TECHNIQUES

Remember! YU are the major soutce of contamination.

Hands, face, hair, clothing, the outsides of all oljects -- and even the air - contain
microbes that can grow on the culmre media. The following rules apply to teachers and
students who work in the lab:

. Use sterile media, vessels & tools.
Purchase or prepare sterile culture media. You may also need ro have seerile additives
(sce puge 7, Table 2: Stevilization of Liqusds and page 8, fabdle 5: Srerilization of
Eqguipmens & Apparatis), pipettes, cylinders, flasks or botdes and sterile deionized or
distilled water for diluting. Sterile media poured into non-sterile vessels will be
contatninared. Check the material to determine the best sierilization methed.

. Keep hands far from the working cnds of tocls & vessels.
Maonse pipectes have a "double line” of safety (see insert, Figure £). You can casily hold and
operare a pipette upstream of this marking.
Do not tauch the tip or column of the pipecte with any ohiect, even hands or the bench
wp. Ifsomething may have touched the pipette, use a fresh, sterile one, Many suppliers
packape pipettes individually.

. Keep the work area neat.
A properly arganized work area helps to keep the process aseptic. Irems can be maved
so that they are nearby when needed or out of the way so they do not accidenally become
contarminated (see insert, Frgure H).

. Only uncever vessels when cenducting a transfer.
Flame caps and necks of vessels hefore and after conducting a transter. Lift the lid of the



STANDARD MICROBIOLOGICAL PRACTICES ¢ ASEPTIC
TECHNIQUES

Petri plate as seldom and acas shallow an angle as possible. Bacteriz and mold spores are
in the air. Culiyre media are a source of nutrition For these airborne contaminants. Afrer
some practice, pipetting can be done easily while holding the vessel cap open end down
(see insert, Figure D).

3. Hold vessels as horizontally as possible when making a transfer,
{Sce inserr, Figure (1)

6. Do not pass hands or arms over open vessels, caps or tools.
Hands, face, hair, arms and sleeves natutally and nermally harbar microbes, which
<an contaminate the experimental culture. Keep hands out of packers and away from
tace and hair while working.

7. Do not pipette out the last drop.
When the [ast drop in a pipette is blown out, large amaounts of acrosols and droplers are
produced {see Tnsert, Frgrere £}

Table 4: Chemical Decontsmination

Quatemary = - ' R
Ammonium Phenolic Chiafine - lodophor - Alcohol {Oﬂ"r'
Compounds ~ Compounds  Compounds  Compounds  of isopropyl

USE OF PARAMETERS .

Concentraton of active : .

ingredient _ 0.1-2_% 0.2-3% 0.015% 0.47% T0-85%.
" Contact e {rminutes) 1830 10-30 10-30 $0-30 10-30 _
EFFECTIVE AGAINET*

Vogetative batara + + + * +

Pacterial sporas e

HIV _ > + + + +

HBY - . + + + +
AFFLICAT!D{E‘

Contarninadad iquld discard + o

Confaminated glasgware. -+ . N +

Contaminated nstrrnents :

"A +dancles very posive MGpOnss; a +. & 4655 poalve reeponee; -and a blank, a negalive iesponsa of Nt applkcable,
mnwwmm_mmm, Corgul wih supoliers regerding chamical composiion of brand
Source: Tabie adeped from Sioasioyit the Laboraiory, with pamision,
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V. HANDLING OF CHEMICALS, CLEANUP ¢ DIsPosAL

Due to the
mautagenic &
possible
carcinogenic
effects of ethidium
bromide, NABT
strongly suggests
teachers use

methylene blue.

14

HAZARDOUS CHEMICALS

When working with bacteria:

1. 'The culture media are safe to work with in powdered form, although some people may
be allergic to teyptone dust or to agar. which are components of LB and many ather
standard bacrerial culture media. Use an inexpensive dust mask when weighing our the
Cﬂmpﬂnf]‘ﬂﬁ-r

2. Use cautian when weighing out and preparing antibiotic solutions, A dust mask and
disposable gloves are recammended.

3. Treat all plates that have bacteria as bichazard wasre. Plates often become contami-
nated with common molds that may cause an allerpic reaction, or Stzphylococris
aureus, which can cause skin infections. Immersing the plates, with covers removed,
in 10 percent bleach for an hour should kill bacreria and mold.

4. Keep alcohol soak beakets and flames as far frotn each other as possible, [n che classroom,
establish alcohal soak and flame stations chac are far apart.

When isolating LINA:

1. Sodium Dodecyl Sulfate (SDS}is a powerful irritanc, Prepare solutions usinga dust mask,
Avoid creating dust.

2. Ethanel and isopropy] alcohol, which are used for DNA precipiiation, are somewhat
toxic. Avoid skin contact.

When conducting gel elecrrophoresis.

1. Maost gels in class are run with 50- 00 voles of direct electric current which can cause 2
severe jolt. Gel boses shauld have buile-in safery features, such as covers that incarporate
the electrode leads so people cannot stick their fingers in the running buffer. When
building gel boxes, design chem with this safery feature.

2. More than 100 velts can generate enough heat to melt some agarase gel media which can
chanye the sieving properties.

DNA STAINING SOLUTIONS

Methylene bluc and ethidium bromide are common seains for visualizing DNA bands
after el elecrraphoresis. Although more sensitive, cthidium bromide is 2 mutagen based
an the Ames test and a possible carcinogen. Most research laboratories use ethidium
bromide and rrain their workers in safe handling methods, [n many instances, the
classronm teacher may have to decide whether tw use methylenc bluc or cthidium bromide
after consulring with the local and state regulations regarding the use af DNA staining
solutions in the classroom. Due to the muragenic 2nd possible carcinagenic effects of
ethidiun: bromide and che possible harm to the teacher and/for studene, NABT strongly
suggests the use of methylenc blue. (Nate: Students should never use echidium hromide
or handle gels stained with ethidium bromide.} Since the teacher ultimately has the
respansibility for which staining solurion to use, a comparison of ethidium bromide and
methylene blue is provided on che opposite page to help make the decision,



HANDLING OF CHEMICALS, CLEANUP ¢ DIsrosaL

Tabile 5: Benefita & Risks of Using Methylene Blue or Ethidiun Bromide

Health concems : Mocleredely 10/dc mwmmw

. '. : T ' __mmmhmm

mm:s_pm.mm . Large o Smak .

Light aceros requited 10 566 banding Fisoreacent Wft box Uit a

Swnegtoe . .  Varisbie {3060 riruaes ko 15 miouies.

Sobly L o _ﬁuhdmﬁ.ﬁ'm_ mmmnmm

Gows wouedfxhandig | Yes e
Methylene Blue

Staining DNA with methylene bine

Grearer amounts of [XNA are required when staining with methylene blue. When
substitucing methylene blue in lab activities that call for ethidium bromide as the staining
salution, increase the DNA concentration 4- to S-fold and plasmid DNA, 2-fold. Only the
[DNA and plasmid concentrations need 1o be increased. The amounts of uther components
remain the szme. Wear gloves at all times when handling methylene blue.

Viewing IINA gels stained with methylene blue

Gels stained with methylene blue may be viewed using a light source irom beneath, The
fight saurce may be a flucrescent light bux used for slides or negarives, an overhead pro-
jector, or a window, Protect the surface of the light box or overhead projecrar with a laver
of plastie wrap. Put the gel in a clear plastic tray or plastic storage bag.

Dispasal of methylene blue
Always check first with the local waste management authority before disposing of any
chemicals, including methylene blue, The teacher has the ultimate responsibility ro know

Methylene blue
is moderately
toxic... Wear
gloves.

)



HANDLING OF

Students must not
use ethidium
bromide or
handle gels

stained with

ethidium bromide.
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CHEMICALS, CLEANUP ¢ DISPOSAL

and precisely follow the method of disposal required by local waste management autharities
for each chemical used in the laboratory. Chemicals should never juse be put down the drain.

1F the schao! drains are connected to a sanitary sewer system with awater treatment plans
thar handles the efffuent from the drains. che municipality may permit the disposal of
methylene blue down the drain with copious amounts of water. Methylene blue should nac
be combined with any other chemicals during the disposal pracedure. A reminder: Always
check with local authoriries first.

Under no circumstance should methylene blue be disposed of down the drain if the
school’s drain system is not cannected (0 a wastewater treatment plant thar specifically
handles the school drains' effluent. In this instance, check local regulations as o how to
properly dispose of methylene blue.

For further information consult the current Firm Chemical CatalogiReference Manivl,
Flinn Scientific, Inc., Batavia. lllinols.

Ethidium Bromide
(Adapred from J3NA Scivnce: A First Couree o Recornbinant [INA Technalagy, 1990, by 11.A, Micklos
& A Freyer)

Gloves must be worn in all situations that involve the use of ethidium bromide. When
handting the dry solid form of ethidium bromide. a respiratar-- special mask with absorptive
charcoal-must be used. Remember: When wearing gloves, refrain from touching objecrs ar
swrfaces that must be kept free of contamination, such as dootknabs, drawer pulls, telephones,
record books, pens, hair. face or clathing, After completing procedures and upon removing gloves,
persons handling carcinogens, suspected carcinogens or toxic substances such as ethidium bro-
mide should iramediately wash theie hands in warm water with soap. Students must nat use
cthidium bromide or handle gels stained with ¢thidium bremide.

Responsible wse of echidium bromide

Ethidium bromide, like many natural and man-mude substances, is classified as a mutagen
by the Ames microsome assay and is a suspected carcinogen. Wich respon sible handling, the
ditutesolution {1 te/mi} used for gel staining poses Jess risk o the user than the Smgfmlstock
solution, or che powder form of ethidium bromide used to make the Smp/ml stock selution.
To avoid handling the dry selid form, ready-mixed stack solutions rmay be purchased from
many molecular biolagy product suppliers. The stock solurtion is diluted ta make a staining
solution with a Bnal concentration of 1 pefml. Procedures using ethidium bromide must
be performed by a qualitied instruccor in 2 conrolled urea,

Cantianthandling & decontamination of eshidium bromide:

1. Abways wear gloves when working with ethidinm bromide solutions or stained gels.

3. Limit ethidium bromide use a a restricred sink area,

3. Following gel staining, usea funnel o decant as much as passible of the ethidium bromide
solurion into a storage container for reuse or decontamination and disposal,

4. Disable {i.c. inactivace ethidium bromide in} stained gels and used saining salution
accarding 10 accepted laboratory procedure. The tethod given below is from
Cuillarder and Hotnung (1988):
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a. If necessary. add sufficient water to reduce the concentration of ethidium

bromideteless than 0.5 mg/ml. (Nore: The working concentration for staining gels

is 500 times more dilute.)

b. Add 1 volume of 2.3 M KMn(),, and mix carehully. Cantion: KiMn{)y4 is an

irricant and is explosive. Solutions containing KMnQ4 must be handled in a

chemical hood.

c. Add 1 velume of 2.5 N HCI, and mix carefully.

d. Ter stand at room temperature for several hours.

e. Add 1 velume of 2.5 N NaOH, and mix carcfully.

f Although the ethidium bromide is decontaminated, studies suggest thar the

decontamination by-product is mutagenic. As a result. some institutions use

a sulid waste dispasal pragram tar the by-praduct of the decontamination process.

Repulations for TMIMCAFEIC waste vary. Check withyour local and state waste management

authorities for the proper methad of dispasal. It may be possible in your arca to make
arrangements with a solid waste disposal program ac 2 local universivy or other insticution.

Vierwing starmeed gefs

I'ransillumination, where light passes up through the gel, gives supenior viewing of gels
stained with either ethidium bromide or methylene blue. A mid-wavelength {(260-360 nm)
ultraviolet {UV) Lump emits in the oprimum range for illuminating ethidium bromide-
stained gels. Avold short wavelength lamps, whaose radiation is most dangerous. Long
wavelength “black tight") lamps, although safe, give legs-intense illumination,
Caution: Ultraviolet light can damage the retina of the eye. Never lock at an unshielded
UV light source with naked eyes. View only through filcer ar safety glasses that absorb
tarmbul wavelengths.

SPILLY

If bacteria or 1N A are spilled, wear gloves and absorb the spill wich paper wowels or with
plastic-backed bench protector, "diaper” paper. Then, werking from the outside of the spill,
pour on praperly diluted disinfectant, such as Lysol, Zephiran or Wescodyne, or 10 percent
bleach. Wipe toward the cenrerof the spill. Ifachemical is spilled, use achemicat spill clean-
up kit

CLEANUP ¢ DISPOSAL

Clean the work area by swabbing down with 10 percent bleach, Lysol or Wescodyne
dilured according re the manufacrurer's instructions.

Discard all biologicals (cells, culture media, DNA) in clearly marked biohazard bags or
trays. Pipettes, Perri plates and other materials that have been exposed 1o bacteria or DXA
stiould be treated as biohazard waste,

If an autoclave is available, p]acc all disposable materials in a biohazard bag or autoclavalle
steel or plastic tray. Autoclave for 30 minutes 2t 13 pounds of’ pressure per square inch and
121°C 1f the glassware Is to be reused, pour our any agar residues while sritl liquid.

Pipettes, Petri
plates and other
materials that
have been exposed
to bacteria or
DNA should be
treated as
biohazard waste.

{7



HaNDLING OF CHEMICALS, CLEANUP ¢ DisrOsAL

Check with the
school district's risk
assessent or waste
management

office, your district
SCIence SuUpervisor,
or city or county
government for
safe disposal
information.

Toby M. larn

1B

As an altermative 1o autoclaving, lood the materials with a 10 percent bleach solution in
a tray or bucket made of heavy-dury plastic or rust-free enamel, Soak for one hour.
Check with the school districe's risk assessment ar waste management ifbice, vour districr
science supervisor, or city or caunty government for safe disposal informacion. If permiteed
by the local authorities:
+Dispost of liquids down 1he sink drain and flush with running warer for five
minukes.
+1'ur all disposables in the trash.
*Discard autoclaved marerials.

SUPERVISION

The teacher is responsible for making sure that students understand safety instructions ar
all times; students are responsible for obeying these instructions, Teachers should check with
their science supervisars and/or their district or state education oftices for general lab safery

guidelines.

Figure 3. Shown here are anroclared materials
ready for disposal Notice black lines have
Sorted fram invisible tape.



VI. APPENDIX

EXAMPLES OF EXPERIMENTS
The following is 2 list of inquiry-based labs to teach DNA science:
A Culturing £ codf K-12
Students can test:
* the eftects of temperature of incubation on the groweh rate
* the effect of agitation af the culture (whether it is shaken or kepr stadionary)
* what happens when a component of the medium is omitted.
B. Transtorming E. coff K-12 with plasmid DA
Students can test how wransformation efficiency is affected by:
+ the incubarion time of plasmids with bacteria
* the concentration of calcium chloride in the transformation prep
* the use of magnesium in place of calcium
* the necessity for heat shack
+ the length of the recovery period.
C. Resrriction eneyme analysis
Students can:
= cxplore the time relationship at one enzyme concentration, checking the
restriction pateern at varigus times up to campletion {one hour)
*+ examine what happens when different buffers are used for cthe endonuclease
(TEATMENT.
L. Making a pAMDP-pKAN recombinant
Students can ask the following questions:
+ Whart happens when different regions of one vecior are inserted ino the other?
* Where Is the resistance gene located?
* “What happens when there are two replication eriging
. Studying the pUC LAC svstem

Students can study the effect of inserting other permitted DINA inte different

rm

sites of the plUC vector
F. Isolating mutants of £, calf K-12
Students can generate modilled £ calf K-12 seeking higher transformation

efficiencies, for instance by mutagenizing the bacteria with an uliraviolec lamp.

G, DNA fingerprinting

H. Idenrifving protetn af bacreria

i
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