Modern
Biology
Series 5

A Laboratory Course
in

Cell and Molecular
Biology

By
John N. Anderson



Suggested Reading and References for Part B

Laboratory Methods:

Hames, B.D. and Richwood, D. Gel Electrophoresis of Nucleic Acids. Oxford: IRL
Press, 1982.

Hacket, P.B., Fuchs, J.A. and Messing, J.W. An Introduction to Recombinant DNA
Techniques. Menlo Park: The Benjamin/Cummings Publishing Co., 1984.

Maniatis, T., Fritsch, E.F. and Sambrook, J. Molecular Cloning, A Laboratory
Manual. Cold Spring Harbor Laboratory Publications, 1982.

General References:

Alberts, B., Bray, L., Lewis, J., Rafi, M., Roberts, R. and Watson. Molecular Biclogy
of the Cell. New York and London: Garland, 1983.

Freifelder, D. Molecular Biology. Portola: Science Books Int., 1983,
Metzler, D.E. Biochemistry. New York: Academic Press, 1977.

Lewin, B. Genes. John Wiley and Sons, Inc.: New York, 1983,

186

PREFACE

This laboratory program originated from my desire to help students bridge
the widening gap between traditional cell biology and molecular biology. To
accomplish this objective, sections on biological theory are presented along with
contemporary procedures. It is my hope that this combined approach will
emphasize to the student that contemporary biology is a collection of techniques
and concepts that are applied to explore fundamental biological principles.

The program consists of a series of laboratory experiments and can be used
to teach 14 three-hour laboratory sessions. The chemicals and malerials that are
provided to perform these exercises are described in the Instructor Manual. In the
first two sections of the course, students study contemporary topics in protein
biochemistry including protein structure, function and isolation, and the detection
and molecular basis of disease. In the third section of the course, students localize
enzymes in plant and animal cells and study the properties of aspecific cell-surface
receptor. Students perform a project of their own design in the fourth section of the
course. The projects focus on the characterization of plant peroxidases. Experi-
ments on the properties and structure of DNA are presented in the final section of
the course. These exercises stress the organization and complexity of the
prokaryotic and eukaryotic genomes, gene function and regulation, and the struc-
ture of the eukaryotic chromosome. Each section begins witha discussion of basic
principles which should be mastered by the student before the 1aboratory exercises
are performed. The exercises consist of a background information section, an
experimental procedure, and study questions. Before the laboratory, the student
should read the background information, study the directions for doing the experi-
ment and understand the reason for each step in the procedure. Students derive
answers to the study questions after completing the exercise by integrating material
found in the text with the results of the experiment.

John N. Anderson, Ph.D.
Professor of Biology

Dept. of Biological Sciences
West Lafayette, Ind. 47907

© 1993 by John N. Anderson . All rights reserved.
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Procedure
Laboratory Session 1

Preparing the DNA Samples

The procedure is designed so that the preparation of the samples will be
performed by the entire class as a group. However, there is sufficient buffer provided
for 4 groups of students to conduct the experiment. Unless otherwise indicated, all
steps should be performed at 4°C.

1. Place 4 g of tissue into a pre-cooled mortar and add 10 mi of pre-cooled
nuclear incubation buffer.

2. Cut the tissue into small (about 1 mm?2) sections with scissors and grind the
sections with the pestle until a homogeneous suspension is formed. The mechani-
cal action of the pestle as well as the chemical action of the detergent, NP-40,

which is present in the buffer, will serve to disrupt the plasma membranes and
to cause cell lysis.

3. Transfer this cell homogenate to a centrifuge tube and centrifuge at 4°C for 5
minutes at 500-1000 x G to pellet the nuclei.

4. Carefully pour off and discard the supernatant. Add 3 mi of nuclear digestion
buffer to the nuclear pellst and mix well.

5. Divide the nuclear suspension into 3 approximately equal portions and place
each portion into a small centrifuge tube iocated in an ice bath.

6. Labe! the tubes 1-3 with a waterproot marking pen.

7. Transfer tubes 2 and 3 from the ice bath to a 37°C incubator.

8. After 5 minutes, remove tube 2 from the incubator and return it to the ice bath.
9. After 30 minutes, remove tube 3 from the incubator and return itto the ice bath.
10. Centrifuge tubes 1-3 for 5 minutes at 500-1000 x G. Small chromatin fragments
produced by the action of the nuclear enzymes, should be liberated into the
supernatant fractions.

11. Carsfully pour the supernatant from each tube into clean tubes labeled 1-3.
These supernatants should contain soluble chromatin particles {mono-, di-, andtri-

nucleosomes).

12. Each student or student pair should transfer 40 pl of these selutions into 3
small tubes provided with the Chemical Package.
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BACKGROUND INFORMATION

1. PROTEIN COMPOSITION AND STRUCTURE:
A REVIEW OF THE BASICS

Proteins occupy a central position in the structure and function of all living
organisms. Some proteins serve as structural components while others function in
communication, defense, and cell regulation. The enzyme proleinsactasbiological
catalysts which control the pace and nature of essentially all biochemical events.
Indeed, although DNA serves as the genetic blueprint of a cell, none of the life
processes would be possible without the proteins.

Amino Acids - Building Blocks of Proteins

The fundamental unit of proteins is the amino acid. The common aminoacids
have the general structure shown in Figure 1. Each amino acid has an amino group
(NH,) and a carboxylic acid group (COOH) attached 102 central carbon atom called
the alphacarbon. Also attached to the alpha carbon are a bydrogen atom andanR-
group or side chain.

Figure 1. General Structure of Alpha-Amino Acids.

NH2

*

R—C COOH

The C stands fora carbon atom; C* is the alpha carbon; H is hydrogen; N is nitrogen,
Q is oxygen, -NH, is an amino group and -COOH is the carboxylic acid group. R
isageneral term for any one of several different side chains thatdetermine the nature
of different amino acids.

There are 20 amino acids commonly found in proteins and these differ from
each other in the nature of the R-groups attached to the alpha carbon. A convenient
classification of amino acids depends on the number of acidic and basic groups that
are present. Thus, the neutral amino acids contain one amino and one carboxyl
group. The acidic amino acids have anexcess of acidic carboxyl over amino groups.
The basic amino acids possess an excess of basic amino groups. Table | lists the
major amino acids found in proteins.

© 1986 by John N. Anderson 1
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13. Add 20 pl of sample buffer to each tube and incubate the tubes for 15 minutes
at 37°C. This sample buffer contains RNase which serves to destroy RNA
in the samples. The sample buffer also contains the detergent, Sarkosyl,
which will disrupt the histone-DNA interactions, liberating the DNA in a form
that can be analyzed by electrophoresis.

14. The samples can then be stored at -20°C until the next laboratory session or
analyzed by electrophoresis as described below.

Laboratory Session 2

Electrophoretic Analysis of DNA

1. Prepare 1.5% agarose gels as described in Section V.

2. Load 15 pl of each sample into the sample wells as indicated below.

Sample Well Number Sample

Tube 1
Tube 2
Tube 3
Dye Mixture
Tube 1
Tube 2
Tube 3
Dys Mixture

O~®H 0w =

3. Electrophorese until the orange-G has migrated to within 2 cm of the positive
electrode end of the gel.

4. Remove the gels from the unit, mark the positions of the marker dyes, and stain
and destain the gels as described in Section IV.

C. Chromatin DNA Breakdown by Cell Nucleases (Optional)

The nuclei of most, if not all, eukaryotic cells contain a number of different
nucleases. The physiological role of most of these enzymes is poorly understood.
One such enzyme, or group of enzymes, is similar fo micrococcal nuclease in that
it attacks linker DNA between nucleosomes. The enzyme inrat liver nuclei has been
characterized extensively. When liver nuclei are incubated at 37°C for various times
up to 30 minutes, the progressive breakdown of chromatin occurs. DNA from this
chromatin will exhibit the typical nucleosome “ladder" appearance upon electro-
phoresis. Although nucleiisolated from vertebrate liver containlarge amounts of this
enzyme, the enzyme activity is also found in nuclei from other animal and plant
tissues.
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The sequence or order of amino acids along a polypeptide chain is referred
to as the primary structure of the protein. The primary structure of the protein
myoglobin is given in Figure 3. This protein serves to bind and store oxygen in
muscle. The primary structure of over 500 different proteins is now known.

Figure 3. The Primary Structure of Whale Myoglobin.

[Amino or N-terminus)
Val-Leu-Ser-Glu-gly-Glu-Trp-Gln-Leu-Val-Leu-His-Val-Tyr-Ala-Lys-Val-
Glu-Ala-Asp-Val-Ala-Gly-His-Gly-Gln-Asp-lle-Leu-lle-Arg-Leu-Phe-Lys-
Ser-His-Pro-Glu-Thr-Len-Glu-Lys-Phe-Asp-Arg-Phe-Lys-His-Leu-Lys-Thr-
Glu-Ala-Glu-Met-Lys-Ala-Ser-Glu-Asp-Leu-Lys-Gly-His-His-Glu-Ala-Glu-
Leu-Thr-Ala-Leu-Gly-Ala-lle-Leu-Lys-Lys-Lys-Gly- His-Glu-Ala-Glu-Lys-
Leu-Lys-Pro-Leu-Ala-Gln-Ser-His-Ala-Thr-Lys-H is-Lys-lle-Pro-lle-Lys-
Tyr—beu-Glu-Phe-lle-Ser-Glu-Ala-lle-lIe-His-Val-lzu-His—Ser-Arg—His—
Pro-Gly-Asn-Phe-G ly-Ala-Asp-Ala-Gin-Gly-Ala-Met-Asn-Lys-Ala-Leu-Glu-
LeunPhc-Arg-Lys-Asp-lle-Ala-Ala-Lys-Tyr—Lys-GIu-beu-Gly-Tyr-Gln-GIy
This protein consists of 153 amino acid residues. Each residue in the protein is given

a 3-letter abbreviation (thus: lysine = Lys); valine = Val). Protcins are always
written with the free amino or N-terminus toward the left.

Three-Dimensional Protein Structure

In the cell, the polypeptide chain is folded into a highly ordcred shape or con-
formation. Most proteins are globular in shape and these proteins are usually
soluble in water or in aqueous media containing salts. This group includes the
enzymes, antibodies, and a variety of other protcins. Less frequently, proteins are
long and fibrous and most of these elongaled molecules are insoluble in water and
serve a role in the maintenance of cell structure.

The three-dimensional structure of a protein is due 10 the type and sequence
of its constituent amino acids. Since the amino acid sequence of each protein is
unique, it follows that different proteins assume different shapes. Thus, there isa
remarkable diversity of three-dimensional protein forms. The conformation of a
protein is usually of critical importance in the protein’s function. For example, a
protein can be unfolded into a polypeptide chain that has lost its original shape. In
general, proteins such as enzymes are rendered nonfunctional upon unfolding
because functional activity is dependent on the proteins native shape. This process
is called denaturation. Most proteins can be denatured by heating, by certain
detergents, and by cxtremes of pH. The ionic detergent, sodium dodecy! sulfate
(SDS), is often used to denature proteins. The denaturing treatment can frequenty
be reversed, for example by removing the detcrgent or by ncutralizing the pH.

3
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B. Structure of Plant Chromatin

The wheat kernel consists of three parts: (1) The embryo or germ that produces
the new plant; (2) the starchy endosperm, which serves as a food source for the
embryo; and (3) covering layers which protect the grain. The average wheat grain
ls composed of about 85% endosperm, 13% covering layers and 2% germ, by
weight. The endosperm is the raw material for flour production, and the wheat germ
is used in food products as a source of vitamins, Wheat germ is also frequently used
in the molecular biology laboratory as a source of protein synthesizing exiracts as
well as plant cell proteins and nucleic acids. In today's laboratory, you will analyze
the structure of wheat germ chromatin.

Objective

To isolate nuclei from wheat germ, to digest the nuclear chromatin with micrococ-
cal nuclease and to analyze the chromatin DNA by electrophoresis. This exercise
requires two sessions of two hours or one session lasting three to four hours.

Materials
A. The solutions and materials required for electrophoresis, sample handling and
gel staining {(see Appendices 1 and 2).

B. The samples below are provided in the container marked Experiment 306:

Nuclear incubation buffer: This buffer should be made up befare the laboratory
session as described in Appendix 2 and stored in the refrigerator,

Sample buffer,

Dye mixture: A mixture of xylene cyanol, bromophenel blue, and orange-G,
Wheat germ,

Micrococeal nuclease: The enzyme should be made up before the laboratory
session as described in Appendix 2 and stored in the refrigerator,

Cheese cloth,

Graduated pipets.

Materials Not Provided
A water bath for tube incubation maintained at 37°C.

lce bath.

Refrigerated centrifuge and small (10 ml capacity) centrifuge tubes (A small
clinical centrifuge placed in the refrigerator is suitable for this exercise).
Four small beakers.
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Secondary Structure

The spatial arrangement of the protein backbone that is generated from the
folding of the polypeptide chain is called the secondary structure of the protein. The
secondary structures of proleins are stabilized by hydrogen bonds in which a

common secondary structure is the o-helix which consists of a single polypeptide
chain coiled into a rigid cylinder. In the o-helix, each peptide bond along the
polypeptide is itself hydrogen bonded to other peptide bonds. Many enzymes
contain small regions of a-helices, while long scctions of the o-helix are ofien
found in proteins involved in cell structure. Another type of secondary structure of
proteins is the B-sheet, which isa central organizing fcature of enzymes, antibodies,
and most other proieins that perform nonsuuctural functions. Here, a single
polypeptide chain folds back and forth upon itself to produce a rather rigid sheet.
Hydrogen bonds between neighboring polypeptide chains are a major stabilizing
force for the B-sheet conformation.

Tertiary Structure

The tentiary structure of a protein describes the detailed features of the three-
dimensional conformation of the polypeptide chain. It is brought about by the
intcractions between the amino acid side chains which cause the folding and
bending of a-helix and P-sheet segments of the protcin. One very important
interaction at this level of organization involves the hydrophobic and hydrophilic
side chains of the amino acid residues. Hydrophobic amino acids, such as
phenylalanine and leucine, show limitcd sofubility in water. Thus, these hydropho-
bic residucs in a protein tend to cluster on the inside of the prokein in order to avoid
contact with the aqucous eavironment. Hydrophilic amino acids such as glutamic
acid and lysine are readily soluble in water, and thus these amino acids arrange
themselves on the surface of the protein molecule, where they can interact with
water and withother hydrophilic side chains. The consequence of these intcractions
is that a polypeptide chain typically folds spontaneously into a stable, usually
globular structure, with the hydrophobic side chains packed into the central core of
the protein and the hydrophilic side chains forming the iercgular, exicmal surface.

Quaternary Structure

Some proteins contain more than one polypeptide chain. For example, each
molecule of human hemoglobin consists of four polypeptide chains which are held
togcther by a varicty of noncovalent bonds. The arrangement of the polypeptides
in such proteins is called the quatcrnary strucluze.
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Figure 6-4. Analysis of DNA from Micrococcal-Nuclease-Digested Nuclei

Figure 6. Components of a Horizontal Electrophoresis System.

1. 2. 3.
Incubate Muclei with Remove Proteins  Separate DNA Fragments
Micracoccal Nuclease Electrophoretically
o 600 Bp === | P

Objective

To examine DNA obiained from micrococcal-nuclease-digested nuclei. The
digested DNA is provided inthe Experiment Package. The nuclei were obtained from
call thymus. In Pants B and C (below) you will analyze nuclecsomal DNA in nuclei

that you prepare.

Materials

A. The solutions and materials required for electrophoresis, sample handling and

gel staining (see Appendices 1 and 2).

B. The samples below are provided in the container marked Experiment 306:
Dye mixtura: A mixture of xylene cyanol, bromophenol! blue, and crange-G,
Nucleosome 1,

Nucleosome 2,
Nucleosome 3.
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(TOP VIEW)

' ~“MIGRATION - !




LLt

o

|

&
00 00 &

0000086000

esEajoNN 1899090191 AQ UjBWOIYD JO umop)eaig jepuenbes °€-9 einbiy

‘-9 8nb14 Ul pewweibelp s1 jejonu polsebip-eses|onu-{32C00IW Wol} YNJ
jo sisAjeue sy °g-g einbig | patesisn||l S| 8sES[ONY [E32000IAHW AqQ uewoiyo Jo
umopyeeIqjenusnbes ey siied-eseq Qg INCJE JO JIUN [BWOSOBINU 81 JO erdynu
e Bunuasaides pueq yoee jo Yibus| eyl yum ‘|eb ey uo ulened Jappe| e uqiyxe
[i!M YN ©UL ‘UNSB1 B SY "POAESIO 81. SiBxUl| 81} O BLIOS AUO '8SEe[INU (820000
JO SIUNOWE MO| YlIM PRIEGNOUI 818 18jINU Y} ‘ISBAUD Ul ') "peAIasqo §| saoiped
109 [EWIOSOB|NU 8SEY) Wolj peAuap pueq sed-eseq-Gy | ejbuls e ‘sjob asoiebe
uo pesaioydonose si 19[oNU esely WOl peleios! YNQ eyl UBYM "PeIUi Ulews)
$0100 [EWOSOB|INU Y} INQ 'uexoiq ele suoibal 1exul| eyl Jo |e A|lenussse ‘peppe
aie swAzue 51y} jo sjunowe abie] J| “YNQ 809 [eW0s08|onU 8yl Jou Ing YNQ 1e3ulj
[ELIOS0[ONU B} SBAES|I PUE SUEBIQUIBU fEB[ONU 8} $8SS01D awAzus ey; ‘ases[onu
S|} UM PBEqnoul PUB POJE|OS! BIE [B]ONU UBYAL "SBUOISIY 8400 |BLI0SOBjONU
se yons sujejoid £q uonsefip woily pajoejoid jou st eyl YNQ SeAee21nq ‘aouenbes
YNQ 2lioeds e eziuBodel J0U S8O0P ‘SESES|ONU UOHEASE] exjun ‘BwAzus siy)
"S8IPNIS UIBWOIYO JO} PASN US)0 St 1Y) 81AZUS [eli910eq St 8SEBONU [2IJ00001N
“WNH 10 YN UMop s)eeIq Jey) elAZue Ue s| eseeonu y "se|pms uolisebip eseejonu
WOJ, POALIBP S UIBLIOIYD JO |OPOl 8WOSCBIINY Y} 10} BOUBPIAS [EUONPPY

‘Sluapms
91 Aq posn oq ued waIsAs ay ‘sared uf ypoam SHUOPMS A JI UM ana1oydonda)a
U0 uy pazA[eue 9q ued SuApNIs § JO SHuawdx3 A 210J3IYL Juawpdyd
12 s|jom 9jduses Jnoj SISN WAPNIS YR 1By Yons pougisap a1om mO[q PAqUIISIP
swowsadxe 2y 'sjem ojdwes aesedos g swigjuod (o8 yoeg N sisazoyd
-01120[0 1 Jo uuoje|d [enudd A o pooeid uay) pue sen 3unsed A ul pew
are s[o3 1noj oy "spiod Jamod yiim pi| K19Jes € Puk SqUIOd Susuuoj [jom djdwes
1n0j ‘sAen Funsed |98 S|qeAOWRR) NO) *SIPONIA wnaugejd ‘uuopeid AU PIK
1192 o1jk15¢ ue jo posodwiod st R sisa10ydonoa|d [BIW0ZLIOH 113001 YL

yuawdinbyg sisasoydoadq

SISTHOHJOWLOFTT 40 SLOAdSY TVILLOVEd IiI

-a8rey> 10u 01 Burpsodoe swioxd Jjo
uoneredos onaioydondofe 9y J0) 515Eq ) UKOJ SUONEBIIPISUOD AL, ‘usgojdod
uRy) d11 JAISE] Yoni € I8 IpONR|d oanisod oy premol ARIBIW Jjim uwngre
9'g Hd e ‘A0ja1ay |, "7'¢ JoIurod OUNII[05] ue SBY IdIYM ‘urqoj3oiw o1 paredwod
se gg Hd jo 395)0q e ut 53 reyd aanedou Juons & Aued Jim ‘g Jo wiod 5in33j20s)
UE SEY YOIgM ‘unung(e wiuds *2dwex3 10 At Jix usatoxd ay) sse) ayy aFreyd
oy JoySiy oy ta3reyd you s uodn spuadop pjo1) 9139[a ue uf $1ads wizyoud ©
30 yonesdim Jo AL ALY, "IPONRI aamisod oy spieamol [oaen Loy 123 ayi Jo pusd
2ponoe ariedou a1 16 s|jam sjdures o) pardde uoym pue podreyd Aaanedou are
sorosd 150w 9°g Hd 18 *SNYL 9§ S| [ERUEUS SIY) Ui PAGUIISIP ASLIIXI oL Ul pasn
133jnq stsazoydonaap gy Jo Hd oy L ‘surajoad 150w 0 1u30d HNII0SI Y 3A0GE Hd
€ 12 pownoyad Ajjensn s1 suiosd Jo sisasoydondofy "L 01§ Hd Jo a3ues a1 ui 51
surz10.d 150w Jo sjutod SUI3I[0SE YL PR e pue pioe opredse Jo (00D-)
sdnosd 1Kxoqres padryo Ajdanedau ay pue a3 e pue duis| Jo (.*HN-) sdnoa3
wniuowwe padreyo Ajpamsod snawnu dy uo Ajuewnsd juspuadop st uraoid
€ JO JOIIRIEYD [EOIAYIONIR AL PRI JARII UE Ul SPIJE Outure o a3
01 waty) asned swajoud jo sureyd apts padreys Aeanedou pue Lppanisod 1,

-1 am@1 us porensnjn se ‘g Hd 18 spoe
OunE JISEq PUE ‘[ERNA *9IpIoe JO uoneredas anasoydonoaya ayy wuuod sdreys
U SOOURIRJIP 353 L, “3PONIAR aTIe3oU A1 O} ajesSiu 2ouay ‘pue ‘g Hd 18 adreyd
aamnsod g A1) spIoe ouywe asay L -Kjeansadsar *g'0f pue L'6 Hd am ‘i Bre
puE oulsA| ‘spioe ouswe diseq ay) Jo suiod JNAROS] AL, -sisasoydonoop Suunp
aponaapa sanisod ay 01 1esTiw pue adeyd aanedou & Lued spioe oulum Jiploe
asoup ‘g jd 12010501911, "¢ HA 01350[3 218 ‘JIAIMOY ‘Pioe ey s pue proe onsedse
0 sn0d 9129j2081 Y L. ‘(0’9 Hd punore sjurod 211)02[3051 JABY SPIOE OUTWE [BNNAL
150 “Tuiod d1132J90SE S PIfJEd S1 P[Y Ne ue Ul 21ea8ut jou s20p wiosd
1O P1ae oufwe Ue Yorya 18 Hd 3y, "pjey d1n9 ue ul aresFua 10u s30p pue IFaeyd
15U OU S1E3q PI2E OUIWE YIB3 Yoy 18 Hd Jjeipaunaiul sk oq isnw 251 say L,



Figure 6-1. The Nucleosome Structure of Chromatin

Nucleosome Core

Particle
145 BP DNA
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25-60 BP DNA
+
1 Histone

DNA is periodically folded around cores of histone particles to form nucleosomes

There aretwo major lines of evidenceforthe nucleosome model of chromatin. The
first comes from studies of the unfolded chromatin fiber observed with the electron
microscope (Figure 6-2). When the nucleus of essentially any evkaryoctic cell is
broken open and its chromatin content examined, electron microscopy reveals a
"heads-on-a-string” structure. Each nucleosome "bead” is a disc-shaped parlicle
with a diameter of about 10 nanometers.

Figure 6-2. Electron Micrograph of Chromatin Strands
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Figure 7. Separation of Amino Acids by Electrophoresis.

At pH 6, the basic amino acid, lysine, is a cation and moves to the cathode
during electrophoresis. Aspartic acid is an anion at this pH and migrates to the
anode. Glycine isnotcharged and hence does not migrate in the electric field. Paper
strips are often used as a support medium for the clectrophoretic separation of amino
acids.

Glycine
ANOCDE CATHODE
(POSITIVE (NEGATIVE
ELECTRODE) . ELECTRODE)
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Staining and Destaining

Most proteins are not colored, and therefore it is necessary to visualize them
in some way in order to determine their position in the agarose gel after electro-
phoresis. The most commonly used stain for the detection of proteins is Coomassie
blue, and this stain has been incorporated into the staining solution that you will use.
The staining solution also contains acetic acid which serves to precipitate and
immobilize the proteins in the structure of the gel matrix after electrophoresis. The
acid serves to fix the proteins in the gel so that the protein bands do not become
blurred by diffusion. After the proteins in the gel have been stained, the unbound
dye must be rinsed from the gel by a process known as destaining. A dilute solution
of acetic acid and methanol is often used for the destaining of the agarose gels.

The Sample Buffer

The protein samples in the exercises described below are loaded into the wells
of the agarose gel as 10-20% glycerol solutions. The viscous glycerol ensures that
the samples will layer smoothly at the bottom of the sample wells. The sample
buffer also contains the tracking dye bromophenol blue. As willbe described below,
this dye enables the investigator to follow the progress of an electrophoretic run.

Accessories
The accessories listed below are required to perform the experiments de-

scribed in this manual. They are used for sample handling, and for the preparation
and analysis of the agarose gels.

*Glass test tubes (25ml) *Gloves
*Micro tubes (0.5ml) *(el staining trays with lids
*Tube holders for the 0.5ml tubes *Macropipets {pipet - syringe)

*Tape *Micropipetors and micropipets

11
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Number two small (0.5ml) tubes according to the plasmid letters (A, B, or C)
that you used for transformation.

Place 10! of the EcoR1-buffer solution into each tube.
Add 5p of the corresponding plasmids to the tubes. Gently tap the tubes with
the tip of your index finger to mix the solutions. Incubate the tubes for 60

minutes at 37°C.

During this incubation, prepare 1.2% agarose gels as described in the first part
of this manual.

At the end of the 60 minute incubation period, add 5pl of electrophoresis

sample buffer to each tube.

Load 15l of the following samples into the sample wells.

Sample Well Sample
! —_—
2 Tube A, B, or C Group 1
3 Tube A,B,or C
4 DNA Markers* ___ |
5 Tube A,B,or C™ |
6 Tube A, B, or C Group 2
7 DNA Markers*
8

*The sizes of these DNA markers are: 784, 1120, 2040, and 3621 base pairs.

Electrophorese until the bromophenol blue in the samples has migrated to
within 1mm of the positive electrode end of the gel.

During the electrophoretic run, return to Part A of this exercise (Step 11 - 5) and
complete the bacterial transformation.

At the end of the electrophoretic run, remove the gels from the unit and stain
them as described in the first part of this manual.

172

1V. PROCEDURES FOR THE PREPARATION, ELECTROPHORESIS AND

STAINING OF AGAROSE GELS

The exercises described in this manual were designed such that the samples

of two students are analyzed on one agarose gel. If students work in pairs, four
students will share one gel. Four agarose gels are electrophoresed simultaneously
using the Procell and MB-170 power supply.

Pouring the Agarose Gels

Place the casting tray on a level work surface and place a precleaned glass slide
into the gel support deck.

Seal both ends of the gel support deck with tape. The tape must be firmly
pressed against the edges of the deck 1o ensure a tight seal.

CASTING TRAY ASSEMBLY

A = Casting tray
B/'7 %‘-D B = Tape strips
C = Gel support deck
A with glass slide in place
| D = Casting tray slots

ct» E = Cont

el E

3.* With the macropipetor (pipet-syringe), dispense 15 ml of electrophoresis

bulfer into a 25ml glass test (ube and add 0.18 grams of agarose. The agarose
can be weighed out directly on an appropriate balance. If a balance is not
available, 0.18 grams of agarose can be estimate by filting a 0.5ml micro tube
with agarose until two-thirds full. Gently swirl the glass tube until the agarose
forms a suspension.

Place the test tube into a boiling water bath and allow the agarose suspension
to come 10 a vigorous boil. After boiling for about one minute, remove the test
tube from (he bath, stir gently with a glass rod, and cool at room lemperature
for about 2-3 minutes. At this time, the agarose solution should be absolutely
clear,

* The melted agarose for the four gels (15m! per gel) can also be prepared in one
operation by boiling 0.9g of agarose in 75m] of buffer in a 250-500ml flask over a
bunsen burner or in a microwave oven. The Nask should be rotated periodically
during the heating process in order to prevent damage 1o the agarose.

13
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3. Using the same pipet, transfer the contents of this tube back into the larger vial
that contains most of the CaCl, solution.

4, Tap the vial with the tip of your index finger to mix the solution.

5. Incubate the cells for about 20 minutes on ice, The cells are then called
competent because they can take up DNA from the medium. If desired, the cells
can be stored in the CaCl, solution for up to 12 hours on ice before use.

II. Uptake of DNA by competent cells

1. Choosing plasmid samples.

The analysis described below was designed for 8 groups of students. There
are three tubes labeled Plasmid (A, B, and C). Each group will analyze two plasmids
as indicated below.

Student Group Plasmids that
Number will be analyzed
1,2- Plasmids A and B
3,4- Plasmid A and B
5,6- Plasmid A and C
7,8- Plasmid B and C

2. Obtain two sterile tubes (1.5ml) and label the tubes with the letters that
correspond to the plasmids that you will analyze (A and B, A and C, or B and

Y

3. Usinga sterile micropipet, add 10y of the corresponding plasmid DNAs to the
two tubes and place them in an ice bath. Use afresh sterile micropipet for each
addition.

4, Gently tap the vial of competentcells with the tip of your index finger to ensure
that the cells are in suspension. Then, using a sterile transfer pipet, add 5 drops
(5 drops = 100 ) of the competent cells to each of the two tubes. Tap each of
these tubes with the tip of yourindex finger to mix these solutionsand store both
tubes on ice for 30 - 90 minutes. During this time, proceed to Part B of this
exercise: Analysis of Plasmid Genotype. Return 1o step 5 (below) during the
¢electrophoretic run.

5. ‘Transfer the tubes to a water bath, preheated to 37°C, for 5 minutes. This heat
shock facilitates the uptake of plasmid DNA.
‘170

Electrophoresis

Transfer the four casting trays with gels to the central platform of the electro-
phoresis cell and position them such that the sample wells are closest to the
black (negative) electrode. Upon electrophoresis, most proteins will then
migrate from the negative (black) towards the positive (red) electrode.

Place the gel tray stabilizing bar paralle} to the long axis of the electrophoresis
cell between the gel trays.

Slowly fill the electrophoresis chamber with electrophoresis buffer until the
four gels are covered with a 1/4 cm layer of buffer. Approximately 2.5 liters of
buffer are required.

. Place the electrophoresis cell lid in position.

With the power supply off, connect the cables from the cell 1o the power supply,
red to red (positive) and black to black (negative).

Push the rocker switches on the power supply to“on” and “170V”. The voltage
will now remain constant at 170 volts during the run.

Unless otherwise indicated, electrophorese until the bromophenol blue in the
sample solution has migrated to within I/4 cm of the positive electrode end of
the gel. At170 V, this takes approximately S0 minutes.

At the termination of the electrophoretic separation, shut off the power supply,
disconnect the cables and remove the gel casting trays containing the gels.

The buffer should be emptied from the electrophoresis cell and stored under
refrigeration in a separate container until the next electrophoretic run. The
same buffer should be used for at least 3 ele(!trophorelic separations. However,
fresh buffer should be employed for the preparation of all agarose gels. The
electrophoresis cell should be rinsed with water and stored in an upright

position.
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the lac Z gene which is the gene for B-galactosidase. The plasmid preparations will
be characterized in two ways. Plasmid genotype will be studied by restriction
nuclease digestion and electrophoresis. The phenotype of E. coli will also be
examined after introduction of the plasmids into the bacteria by transformation. The
cells will be plated onto nutrient agar containing ampicillin and Xgal. Analysis of
bacterial colony growth and color will enable you to determine if the plasmid
contains functionally active genes for ampicillin resistance and B-galactosidase.
The results of the genotypic and phenotypic studies will permit you to determine the
nature of the plasmids in tubes A, B, and C.

Materials Provided

*Plasmid A Note: one tube does not contain plasmid: one tube contains

*Plasmid B plasmid pUC18, and one tube contains a recombinant plasmid

*Plasmid C withthe foreign DNA inserted into the EcoR1 site located in the
gene for P-galactosidase

DNA markers (for electrophoresis)

**EcoR1 Endonuclease {(contains EcoR 1 dissolved in restriction nuclease buffer)
Sample Buffer (for electrophoresis)**X-gal - Ampicillin - Agar plates (16)
Nutrient Broth (10ml) - Store at 4°C.

25 Inoculating loops

19 large sterile Transfer pipets - One pipet should be used for the bacteria, one
for the nutrient broth and 16 for step L

16 Sterile tubes

CaCl, solution (5 ml) - 100 mM CaCl,.

E. coli (0.5ml) - Store at -20 to -70°C

Materials Not Provided

Water bath maintained at 37°C - If a temperature regulated water bath is not
available, a beaker containing tap water at 37°C (98°F) will suffice.

Ice bath - Ice chips in a large beaker are suitable.

Air Incubator maintained at 37°C (OPTIONAL - see below).

Agarose, Electrophoresis Buffer, and Gel Stain

**Sterile microliter pipets

* Identified in the Instructor Guide
**Prepared as described in the Instructor Guide

Laboratory Schedule

The exercise described below is divided into two parts: Part A. Analysis
of E, coli Phenotype after Transformation; Part B. Analysis of Plasmid Genotype

168

PART B

Experiment 1 (101). Electrophoretic Separation of Proteins.
Background Information

The isoelectric point of a protein is defined as the pH at which the protein does
not migrate in an electric field (see Section IT). The isoelectric points of the four
colored proteins that you will study in this exercise are listed in Table i-1. A brief
description of the functions and properties of these proteins is given below.

Table 1-1. Properties of the Proteins Used in this Exercise

Protein Color  Isoelectric  Net Change
Point  atpH86
Cytochrome C Orange 102 Positive
Myoglobin Brown-red 7.2 Negative
Hemoglobin Red 6.8 Negative
Serum Albumin*  Blue 438 Very negative

*Bromophenol blue has been added 10 the serum albumin sample which serves
to stain the protein blue.

Cytochrome C - Plant and animal tissues contain a class of cell protein
pigments called cytochromes, Cytochrome C, which is one of the most well
characterized of the cytochromes, is an integral part of the electron transport system
in mitochondria and is involved in cell energy production. Cytochrome C consists
of a single polypeptide chain which is wound around a central, nonproteinaceous
compound called heme. It is the iron containing heme group which is responsible
for the orange-brown color of this protein. The protein is basic in nature primarity
because it contains a high concentration of lysine residues. The isoelectric point of
horse cytochrome C is 10.2 and at pH 8.6 the proiein carries a net positive charge.
Thus cytochrome C, unlike most proteins, migrates to the negative electrode during
electrophoresis at pH 8.6.

Myoglobin - Myoglobin and hemoglobin also contain an iron containing
heme group and the iron is involved in oxygen binding. Myoglobin bindsand stores
oxygen in muscie and hemoglobin is involved in the transport of oxygen in blood.
The isoelectric point of myoglobin from horse is 7.2. Thus, this protein should move
toward the positive electrode during the electrophoretic separation.

© 1986 by John N. Anderson 17
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Figure 3. Preparation of a Recombinant DNA Molecule

AATT:

CELL DNA

e ARTT Arrmrrnr ARTT —
w———TTAAVAAASAASTTAA —
CIRCULAR PLASMID
DNA MOLECULE
Ecoltl
GENE FOR
ANTIBIOTIC EcoR1
RESISTANCE

TTAA AATT

LINEAR PLASMID
DNA MOLECULE

DNA INSERT
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2. Load 15pl of each of the four colored proieins into the sample wells as

-3

.

indicated below.

mpl ] Proicin
Number Sample

Cytochrome C
Myoglobin
Hemoglcbin
Serum Albumin
Cytochrome C
Myoglobin
Hemoglobin
Serum Albumin

0O =~ ON n B ) B =

Transfer your gel to the electrophoretic cell making sure you note the position
of your gel in the electrophoresis chamber.

Electrophorese for 8 minutes, and then turn off and disconnect the power
supply.

Remove the lid of the electrophoresis unit and note the relative position of the
four proteins as compared to their point of application at the sample wells.

Resume electrophoresis until the bromophenol blue in the serum albumin
sample has migrated to within 1 cm of the positive electrode end of the gel.
Remove the gels from the unit and measure the distance of the proteins (incm)
from the sample wells. For fong term storage of the gels, place them indestain
solution for at least 1 hour and then perform step 6 on page 16.

(Optional) Stain and destain the agarose gels.
Measure the distance of the proteins (in cm) from the sample origin.
Study Questions

What is the molecular basis for the differences in the electrophoretic mobilities
of the four proteins analyzed in this exercise? Relate your answer 1o the
isoelectric points of these proteins that are given in Table 1-1.

Explain how your resuits would have been affected if the electrophoretic
separation was carried out at pH 10.5.

Expiain how your results would have been affected if the separation was carried
out at pH 6.0,
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Restriction Sites

To be useful as acloning vector, aplasmid should possess asingle recognition
site for one or more restriction enzymes into which foreign DNA can be inserted.
One way to increase the number of such restriction sites is to add a polylinker , a
segment of synthetic DNA that contains closely spaced restriction sites. Plasmid
pUC18 carries a 54 base-pair polylinker that contains unique sites for 13 different
restriction enzymes. Note that the polylinker contains a unique site for EcoR1
which will be exploited in the analysis described below.

Replication

Replication of plasmid DNA requires a plasmid replication origin and a
number of replication enzymes. The replication enzymes are usually provided by
the hostbacterial cell. The replication of some plasmids is coupled to that of the host
cell. Asaresultofthis so-called "stringent control,” only one or at most a few copies
of the plasmid will be present in each bacterial cell. In plasmids under "relaxed
control,” replication of the plasmid DNA is not coupled to replication of the host
DNA chromosome and more than 500 copies of the plasmid may be present in a
single host cell. Plasmid pUC18, as well as other common plasmid-cloning vectors,
are under relaxed control.

Lac Z gene

B-Galactosidase is an enzyme which hydrolyzes lactose and other B-galacto-
sides into component sugars. The activity of the enzyme is usually measured with
chromogenic substrates which, when hydrolyzed, produce colored products. One
substrate is Xgal (5-bromo-4-chloro-3-indolyl-BD galactoside) which is converted
to a blue product by P-galactosidase. Xgal is frequently used to detect B-
galactosidase in cell extracts, bacterial colonies, and phage plaques. You will use
this substrate to identify E. coli colonies containing B-galactosidase.

The Lac Z gene, which specifies B-galactosidase, is a member of the E. ¢oli
Lac operon. Plasmid pUC18 contains a portion of the E, coli Lac Z gene that codes
for the first 146 amino acids of B-galactosidase. The remaining portion of the gene
is encoded by appropriate strains of E, ¢olj such as DH5 and JM 101. Thus, when
these strains are transformed with pUC 18, complementation occurs and the bacteria
produce active P-galactosidase, which gives rise to blue colonies on nutrient agar
containing Xgal.

The above complementation forms the basis of a powerful selection method
that you will use to identify E. coli colonies containing pUC18 with foreign DNA.
The polylinker is contained within the Lac Z gene of pUC13 although the insertion
does not affect the ability of the B-galactosidase peptide to be complemented by the
E. coli host. However, foreign DNA inserted into the polylinker destroys
complementation and active B-galactosidase is not synthesized. Thus, in the later
case, white colonies are produced on Xgal plates in contrast to the blue colonies
produced by cells containing pUC18 without foreign DNA.
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trait in the American Black population is about 10%, and about 1-2% of this
population has sickle cell ancmia.

Abnormal hemoglobins are ofien detected in the clinical laboratory by
electrophoresis. Hemoglobin molecules at pH 9.2 have a net negative charge and
move toward the anode in an electrophoretic system at a speed proportional to the
strength of their charge. The isoclectric point of normal hemoglobin A is 6.9 but the
isoelectric pointof certain hemoglobin variants differ depending on the hemoglobin
type. Asdiscussed above, valine residues replace the glutamic acid residues in the
B chains of hemoglobin §. Thus, hemoglobin S has two fewer negative charges per
hemoglobin molecule than hemoglobin A and its isoelectric point and electro-
phoretic properties are correspondingly affected. Hemoglobin variants including
sickle cell, sickle trait, persisience of fetal hemoglobin in the adult, and many others
can be detected by electrophoresis. The Figure shown below illustrales the
electrohoretic separation of the normal hemoglobin and some common hemoglobin
varianis.

HEMOGLOBIN TYPE
INDIVIDUAL oFA
Normal (AA) [
Sickle Trait (AS) |0
Sickle Cell Anemia (SS) |[]
Fetat ¢7F) |[

Objectives In this experiment, you will examine the electrophoretic behavior of
hemaoglobin from a normal person and from a person with sickle cell trait. In
addition, an opticnal part of this experiment is for the student to examine his or her
own hemoglobin.

Materials

I The solutions and malerials required for electrophoresis, sample handling
and gel staining and destaining (see Appendix 1 and 2 - instructor manual).
Note that the hemoglobin elecirophoresis buffer is 10 be used for this
experiment. The pH of this buffer is 9.2,

1. The follewing solutions are provided :

l.  Nommal human hemoglobin
2. Sickle wrait hemoglobin

3. Sickle hemoglobin

4. Erythrocyte lysis buifer
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Experiment 1004. Genotype to Phenotype

Background Information
A. Introducing a Plasmid into E. coli

Penicillin is one of the most important anti-infective agents used in clinical
medicine because it is inexpensive, bactericidal and its toxicity for human cells is
almost nonexistent. Penicillin interferes with the synthesis of the bacterial cell wall
and will thus cause osmotic lysis of susceptible microbes. Peniciliin is nota single
compound but a group of compounds with related structures and activities, Many
of these compounds are semi-synthetic in that part of each molecule is made by a
mold to which the chemist adds another chemical group. Over 500 semi-synthetic
penicillins have been made during the past 30 years. Ampicillin isabroad-spectrum
semi-synthetic penicillin that will kill anumber of gram-positive and gram-negative
bacteria, including Salmonella and Escherichia coli. Occasionally, E. coli cells are
found in nature that are resistant to the toxic effects of ampicillin. In today's
laboratory, you will create such an ampicillin-resistant population of E. coli.

Plasmids are small circular DNA molecules that exist apart from the chromo-
somes in most bacterial species. Under normal circumstances, plasmids are not
essential for survival of the host bacteria. However, many plasmids contain genes
that enable bacteria to survive and to prosper in certain environments. Forexample,
some plasmids carry one or more genes that confer resistance 1o antibiotics. A
bacterial cell containing such a plasmid can live and multiply in the presence of the
drug. Indeed, antibiotic-resistant E. coli isolated in many parts of the world contain
plasmids that carry the genetic information for protein products that interfere with
the action of many different antibiotics. In this laboratory, you will introduce a
plasmid that contains an ampicillin resistance gene into E. coli.

In the laboratory, plasmids can be introduced into living bacterial cells by a
process known as transformation. A common procedure for transformation is
shown in Figure 1 and entails:

1. The treatment of bacterial cells with calcium chloride in order to enhance the
uptake of plasmid DNA. Such calcium chloride treated cells are said to be
competent.

2. The incubation of the competent cells with plasmid DNA and the uptake of the
DNA into a small fraction of the cells, The cells that have taken up plasmid
DNA are said to be transformed.

3. The selection of transformed cells by growth on an antibiotic-containing
medium.
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2. Electrophorese until the bromophenol blue in the samples has migrated 10
within 1/4 cm of the positive electrode end of the gel.

3.  Since hemoglobin has its own inherent color, it can sometimes be visual-
ized on the gels without staining. Inspect the gels carefully to see if you
can identify the hemoglobin bands.

4.  Stain and destain the gels and record your results noting the migration of
hemoglobin A, hemoglobin S and the hemoglobins from yourself and your
classmates.

Study Questions

What is the molecular basis for the difference in the electrophoretic pattern
between normal hemoglobin A and hemoglobin S?

Can all abnormal hemoglobins be diagnosed by electrophoresis? Explain your
answer in detail.

What fraction of the offspring of two parents with sickle trait would you expect
to have sickle cell anemia?
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2. Using alarge transfer pipet, add 1ml of the SDS solution to the vial and — - -
mix the contents of the vial carefully. Note and record below the appear- Variations in the Amino Acid Sequence of Cytochrome C

ance and consistency of this solution.

Cytochromes compared Number of variant

Appearance: 10 human cytochrome amino acid residues
Consistency: Chimpanzee 0
Rhesus monkey 1
3. After 5 minutes, carefully pour the cold alcohol into the vial so that the Kangaroo 10
alcohol forms a layer on top of the solution. Add enough alcohol so that Dog 11
the vial is nearly full. Dip one end of the rod into the vial through the cold Horse 12
alcohol, into the DNA. Slowly rotate the rod and then raise it back into the Chicken 13
alcohol. Fine DNA fibers should form on the end of the rod. Produce more Rattlesnake 14
of these DNA fibers by tuming the rodand moving it upand down between Tuna fish 21
the DNA and the alcohol. Dogfish 23
: Moth 3l
4. After no more fibers can be formed, remove the rod and examine the Wheat 35
DNA fibers wound around it. The fibers are the alcohol-insoluble form of Neurospora 43
DNA, conlaminated with some proteins. Yeast 44

11I. Microscopic Analysis

In this section, you will compare the nuclei in intact thymus cells to the nuclei

that were isolated in Section L Figure 1-1. A Family Tree of Organisms Based on the Amino
Acid Sequence of Cytochrome C.

1. Obtain two clean microscope slides from your instructor and label one

slide A and one slide B. Monkey
2. Using the blunt end of a toothpick, scrape the surface of onc of the sections Cow Chicken
of thymus from Section I to remove a few cells. Smear these cells onto Turtle

the center of the slide labeled A and allow the preparation o dry. Candida
Lemprey ~gesame
3. Usinga transfer pipet, apply a small drop of the nuclear suspension (o the veast
center of the slide labeled B. Smear the nuclei on the slide using a clean Rhodospirillum
toothpick and allow the preparation (o dry. Sunflower

4. Ingeneral, cells and organelles must be fixed before they can be stained.
Fixation makes cells permeable to stains and causes them to adhere 1o the
surface of the slide so they will not be washed away during the staining
procedures. Place three drops of alcohol onto the slides in order to fix the
preparations. After two minutes, rinse the slides in waler.

5. Cellsand cell organelles are almost invisible by standard light microscopy
unless they are stained. To stain your preparations, place 3 drops of the
nuclear stain onto your slides and stain for 5-10 minutes. Remove excess

160 25
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Objective To isolate DNA from the nuclei of cukaryolic cells.
Materials Provided

Calf Thymus (15g) - The thymus should be thawed at the beginning of the class
period by placing the bag containing the tissue in warm waler.

8 glass vials

8 rods for DNA spooling

Transfer pipets

Sodium Dodecyl Sulfate (SDS)

*Nuclear stain

Cheese cloth

*Nuclear buffer - This buffer should be placed in the sefrigerator at least 3 hours

before the laboratory period.

*Prepared as described in the Instructor’s Guide
Materials Not Provided

Ethyl alcoho) - The alcohol should be placed in a freezer at least 3 hours before
the laboratory period. (See Instructor Guide)

Ice bath - ice chips in a large beaker are suitable

Microscope slides (16) and microscopes

Centrifuge and cenurifuge tubes (10ml-30ml capacity) - Recommended but not ]
absolutely necessary. A small tabletop clinical centrifuge is suitable for this

exercise.

A device for tissue disruption such as a food blender (Waring or similar types),
or a mortar with pestle. The device should be precooled before the laboratory
session.

Funnel

Beakers

Toothpicks

Scissors

Procedure

There are three basic parts (o this exercise: (I} Isolating nuclei from calf
thymuscells. (If) Preparing DNA from these nuclei and (111) Comparing the isolated
nuclei to the nuclei in intact thymus cells by microscopic analysis. Part1 should be
performed by the instructor or by the class as a group during the laboratory session.
Eight students or eight teams of students should then perform parts 1 and 111.

1. Isolation of Nuclei

1. Place about one-half of the thymus (7-8 grams) into a 500ml beaker and
cut the tissuc into small (~lcm?) sections with scissors. Retum the
remaining thymus to the freezer.
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relatedness of the proteins in sera samples can be compared both in terms of the
number of cross-reactive proteins and in terms of their electrophoretic mobilities.

The first step in Western Blotling is to electrophoretically separate the serum
protein samples in agarose gels. Next, the gel is placed against a speciatized
membrane made of nitrocellulose. The proteins are then forced out of the gel by
applying gentle pressure and are trapped on the nitrocellulose membrane. Asa
result, a replica (blot) of the electrophoretically separated proteins is produced on
the nitrocellelose membrane (see Figure 1-2).

Figure 1-2. Transfer Procedure for the Western Press-Blot.

1. Run agarose gel. Gentle Pressure

Gel

2. Build “sandwich” consist- M Casting
ing of gel c?sting tray, paper paper towels Tray
towel, blotting paper, gel, -
and nitrocellulose membrane. blotting paper

nitrocellulose

[ aparose gel

3. Transfer separated

Plodiim
proteins to nitrocellulose e Lab Bench
membrane by applying
gentle pressure on the

gel casting tray.

4, Detect all proteins on the membrane with protein blot stain.

5. Detect specific proteins on the nitrocellulose membrane with
immunological techniques.

The next step is 10 incubate the membrane with antibodies which react with
the proteins trapped on the membrane. In the present experiment, you will use
antibodies that were generated in rabbits against cow serum albumin and cow
gamma globulins. These antibodies will bind to the membrane-trapped cow
albumin and cow gamma globulins and to the proteins from the other species that
are struciurally related to the cow proteins. Gelatin is added to the membrane
before and during antibody incubation in order to minimize non-specific protein-
antibody interaction.

Since the antigen-antibody complexes are not colored, they must be treated
in some way in order 10 visualize them. A commonly used method involves the
coupling of a color producing enzyme to the antibody. Enzymes which catalyze the

21
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Figure 2-1. A Generalized Animal Cell and Nucleus.

ANIMAL CELL (10-20um)

PLASMA MEMBRANE

The plasma membrane islhem
ary of the cell.
MITOCHONDRIA
Milochondria, which are aboul the size
of bacteria, are the powes-generaling
unis of the cell.

ENDOPLASMIC RETICULUM

The endoplasmic reticulum is & mem-
brane sysiem Lthat extends troughowt
the cyoplasm. Ribosomes engaged in
protein synthesis are frequently foundon
the outer surface of the endoplasmic
reticulum.

GOLGI APPARATUS ————"
The golgi complex is a sysiem of flat-
iened meminane sacs involved in the
packaging of proteins for secretion.
CYTOSKELETON ——o—
Protein fibers form networks inthe cylo-
plasm that ase involved in cell shape and
movement.
NUCLEUS
The nucleus is the largest organelle in
the ccll and carvics a compleie bloeprint
for the cell, organism and speciesin the
form of DNA.

NUCLEUS (3-10ptm)

NUCLEAR ENVELOPE
The nucleas envelope is adouble mem-
brane that keeps the aucless conlents
from mixing with the cytoplasm.
NUCLEAR PORE
A nuclear pore is & hole in the nuclear
membrane through which nuclear con-
tenis can  commimicale with the cywo-
plasm.
NUCLEOLUS
Thecell’s ribosomes are assembledinthe
nucleolus.

CHROMATIN ————— -~
Dusing cell divison, the chromosome
become visible, but between cell
division, DNA is packed into

. la o [l .
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Serum Albumin - Serum Albumin is the major protein found in serum and this
proiein transports a number of small molecules in blood. Although albumin is not
naturally colored, the protein binds to bromophenol blue. This feature will enable
you to identify albumin after electrophoresis since bromophenol blue has been
added 10 the samples and some of this dye will remain bound to the albumin duoring
the electrophoretic run.

Transferrin- Transferrin binds iron and this protein transports iron in the circulation.

lobuling - The numerous antibodies in blood are found in the gamma
globulin fraction of serum.

Objective: To identify albumin, transferrin, and gamma globulins in serum and to
study the evolutionary relationships of albumin and gamma globulins in verte-
brates.

Laboratory Schedule: This experiment was designed such that two students will
work together, sharing one gel and one blot. If students work in pairs, the samples
of four students should be analyzed on one gel and one blot. The entire procedure
can be performed in one 3-hour laboratory period. Alternatively, steps -1V can
be done in one two-hour lab and steps V and VI can be performed during the next
lab session.

Materials Provided

Goat Serum

Sheep Serum

Cow Serum

Horse Serum

Chicken Serum

Cow Transferrin

Cow Gamma Globulins

Cow Albumin

Antibodies to Cow Albumin-HRP - This antibody was prepared by injecting rabbits
with cow serum albumin. It is coupled to the enzyme HRP (Horse Radish
Peroxidase)

Antibodies to Cow Gamma Globulins-HRP - This antibody was prepared by
injecting rabbits with cow gamma globulins. It is coupled to the enzyme HRP.
Nitrocellulose (4 sheets)

Blotting paper ( 16 sheets)

*Gelatin solution

*TBS (Tris-Buffer Saline)

*TBS + NP40 (Tris-Buffer Saline + Nonidet (P40)

*Color Development Solution (contains chloronapthol and hydrogen peroxide
dissolved in development buffer - this solution should be prepared immediately
before use.)
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4. A single additional band containing the segment of phage lambda DNA should
be present in lanes 3 and 7 of your gel. Identify this band. This band should be the
same length as one of the bands in the EcoR 1 digest of phage lambda DNA on lanes
1 and 5. Record the length of the band containing the segment of lambda DNA
(lanes 3 and 7) in the Table below.

5. Two bands, in addition to the pUC18 band, should be present on lanes 4 and 8
of your gel. These bands should be the same length as two of the bands in the EcoR1
and Bam H1 digest of phage lambda DNA on lanes 2 and 6. Identify these bands
and record their lengths in the Table below.

6. With the aid of Figure 2, determine the precise region in the Lambda genome that
is contained within the recombinant plasmid. Record the coordinates for this region
(in base-pairs from the left end of the genome) in the Table below.

Length of the Length of Coordinates of the

EcoR1 segment the Lambda region in the lambda

of Lambda DNA DNA segments genome that is

in the plasmid-lambda in the EcoR1 and contained within
{lanes 3 and T) Bam H1 digest plasmid-lambda

7. With the aid of Figure 2, describe one function of the lambda DNA that is
contained within plasmid-lambda.

8. In DNA of uniform composition, a specific hexanucleotide occurs by chance
once in every 4016 base-pairs. The recognition sequence for EcoRl is a
hexanucleotide (see Part A-1, Table 1). How many restriction sites for EcoR1
would you expect to exist in lambda DNA if the phage DNA were of uniform
composition? There are few restriction sites for a number of enzymes including
EcoR1 and Hpal in the left 20 kilobases of lambda DNA. Explain. (Hint: The left
region of lambda DNA is rich in G+C base pairs.)
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2. During the electrophoretic tun, perform Step III-1 (below).

3. Electrophorese until the albumin (blue bands) in the sera samples and in lane
2 has migrated to within 1.5cm of the positive end of the gel. At 170 volis, this
should take about 50 minutes.

III. Preparation of the “Western Press - Blot”
1. During the electrophoretic run, perform the following tasks:

A. Wet one sheet of nitrocellulose by floating it in a container with about
20mi of distilled water. After weiting, pour off the water and replace with
5-10ml of TBS. In a separate container, wet two sheets of blotting paper
with 5ml of TBS.

Noite: Gloves should be wom when handting nitrocellulose o
prevent transfer of proteins from your hands to the membrane. If gloves
are notavailable, use forceps. Touch only the edges of the membranes with
gloves or forceps.

B. Cut 6 paper towels (to about 5ctn x 7cm) to form a stack that is 1-2cm
high.

C. Clean a small section of your laboratory bench top.

2. Afier electrophoresis, build a “sandwich” on your clean bench twop by
sequentially overlying each of the following materials. Smooth with your
gloved index finger after each addition exgept after step C to eliminate air
bubbles between layers.

A. One sheet of wet bloiting paper

B. Agarose gel (place the gel npside down onio the blotting paper so that
the nitrocellulose wilt be in contact with the bottom of the gei).

C. One nitrocellulose membrane - Afier the addition of the nitrocellulose
membrane, trim a gmall comer of the membrane at the bottom of lane 1.
This marking will enable you to identify the positions of the gel lanes on
your blot.

D. One sheet of wet blotting paper.

E. One sheet of dry blotting paper.

F. One sheet of dry blotting paper.

G. One stack {1-2cm) of dry paper towels.
31
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A. Preparing the DNA samples
1. Number four small (0.5ml) tubes 1 to 4 with a water-proof marking pen.

2. Place 104 of the EcoR1-buffer solution into tubes 1and 3, and 10 ptof the
EcoR1 + Bam H1 mixture into tubes 2 and 4.

3. Add 5 pl of lambda phage DNA to tubes 1 and 2 and 5] of plasmid lambda
to tubes 3 and 4. Gently tap the tubes with the tip of your index finger to mix the
solutions. Incubate the tubes for 60 minutes at 37°C.

4. During this incubation, prepare 1.2% agarose gels as described in Part A of
this manual.

5. At the end of the 60 minute incubation period, add 5ul of electrophoresis
sample buffer to each of the four tubes.

6. Transfer the tube to the 65°C water bath and, after 5 minutes, place the tubes
in an ice bath. This heat treatment will inactivate the restriction enzymes and will
separate the two fragments containing the cohesive ends of phage lambda.

B. Electrophoresis

1. Load 15ul of the following samples from the above section into the sample
wells.

Sample Well Sample

Tube 1
Tube 2
Tube 3
Tube 4
Tube 1
Tube 2
Tube 3
Tube 4

o8 =] N B WD e

2. Electrophorese until the bromophenol blue in the samples has migrated to
within 1 mm of the positive electrode end of the gel.

3. Remove the gels from the unit and stain them as described in Part A of this
manual.
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5. The blots can be processed immediately as described below or they can be
stored in getatin for a few days in the refrigerator. If stored in the refrigerator,
allow them to warm to 37°C before continuing.

V. Antibody Reaction

Two of the blots will be incubated with antibodies to cow albumin while the
remaining two blots will be incubated with the antibodies to gamma globulins. The
four blots will be compared at the end of the experiment.

1. Place 50ul of either the cow albuntin antibody or 50u! of the cow gamma
globulin antibody into a petri dish. Add 6ml of gelatin to each dish. Transfer
the blot to the dish and gently swid the dish to ensure that all surfaces of the blot
are exposed 10 the antibody solution.

2. Placethelid onthe dish, and float thedishina water bath at 37°C for 25 minutes.
Note: Great care should be taken not to burnp the dishes during the incubation.
3. Transfer the blot loa suitable small container (e. g. aclean gel staining iray) and

wash for 2 minutes each in 40 ml of the following solutions. Manual rocking
or shaking of the container should be performed during these washes,

1. TBS+NP40
2. TBS+NP40
3. TBS+NP40
4, TBS
5. TBS

4, While the blots are washing, the instructor should prepare the Color Develop-

ment Solution by adding 7mi of Color Development Buffer, 0.5ml of hydrogen
peroxide and Sml chloronapihol to 130ml of water.

¥1. Color Development Reaction

1. Place 30ml of the Color Development Solution into a small container and
transfer the blot to the solution, Gently rock blot in color development solution
until purple bands appear. This should take about 5-15 minutes. Rinse the blot
in water and carefully examine both sides for purple bands, Blots may bestored
protected from heat and light (between 2 sheets of black construction paper, for
example).
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Tigure 1. Genetic and Restriction Map of Phage

Lambda DNA.
A. Genetic Map of Phage Lambda

Attachment
Left . - Integration Con_trol
Head Proteins Tail Proteins  Excision Region _ |Lysis
m
ABCDEFGHI]
| | ! | | |
0 10 20 30 40 50

Kilobase-pairs

B. Restriction Map of Lambda DNA - EcoR1
Arrows indicate the position of restriction sites for EcoR1. Sites are in
base-pairs from the left end of the phage DNA. Lambda DNA is 48,502
base-pairs long.
Size of EcoR1 Restriction Fragments

21,226 4878 | 5643 7421 5804 3530

21,226 26104 31,747 39,168 44972
Position of EcoR1 Restriction Sites

C. Restriction Map of DNA - Bam H1
Arrows indicate the position of restriction sites for Bam H1 Sites are
in base-pairs from the left end of the phage DNA.

Size of Bam H1 Restriction Fragments

5,505 16,841 5,626 6.527 7.233
5,505 22,346 271972 34,499 41,732

Position of Bam H1 Restriction Sites
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IND-5. Specificity of Albumin Binding
Background Information
A. INTERACTION BETWEEN MOLECULES IN BIOLOGICAL SYSTEMS

One of the most important principles of modern biology is that two molecules
with complementary surfaces tend to bind or stick together, whereas molecules
without such surfaces do not. This principle can be illustrated by considering the
specificity of enzyme action. Enzymes accelerate the velocity of virtually all
reactions that occur in biological systems, including those involved in breakdown,
synthesis and chemical transfers. In so doing, they are responsible for performing
essentially all the changes associated with life processes.

The general expression frequently used to describe an enzyme reaction is:
Enzyme (E) + Substrate (S)

IT

Enzyme - Substrate Complex (E-S)

J

Enzyme + Product (P)

Certain important features of the nature of enzyme reactions are evident from
this diagram:

1. The term substrate refers to the compound that is acted upon by the enzyme. In
general, enzymes exhibit a high degree of substrate specificity in that they
usually catalyze only a single chemical reaction.

2. The enzyme binds to the substrate to form an enzyme-substrate complex. This
interaction is responsible for the specificity of enzyme action, since only those
compounds that “fit” into the substrate binding site can be acted upon by the
enzyme.

3. The enzyme is not destroyed during the reaction but rather is set free after the
formation of the end product. Thus, the liberated enzyme is available to
combine with more substrate to produce more product.

The binding of an enzyme to its substrate is only one example of the many
specific molecular interactions thatoccur in biological systems, Analogous binding
processes occur when an antibody binds antigen or when a hormone binds to it's
receptor. In each case, the molecule that binds to the protein molecule is called a
ligand and the region of the protein that associates with the ligand is known as the
binding site. Table 1 shows a list of some of the major ligand-protein interactions
that occur in biological sysiems.

©1993 by John N. Anderson 35
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the plasmid using the restriction enzymes EcoR1 and Bam H1. The segment of Figure 1. Saturation of Protein by Ligand

forcign DNA was derived from a virus called phage lambda which is described
below.

Figure 1. Preparation of a Recombinant Plasmid

AATT.
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Experiment 1002. Analysis of a Genome Segment

Background Information
1. Preparation of a Recombinant Plasmid

Plasmids are small circular DNA molecules that exist apart from the chromo-
somes in most bacterial species. Plasmids, as well as certain viruses, are extraor-
dinarily useful tools for the molecular biologist, because they serve as gene-carrier
molecules called cloning vectors. A basic procedure of recombinant DNA technol-
ogy consists of joining a gene of interest to vector DNA 1o form a hybrid or
recombinant molecule that is able to replicate in bacteria. In order to prepare a
recombinant DN A molecule, a procedure is required for cutling cloning vectors and
cellular DNA molecules at precise positions.

Restriction nucleases are powerful tools used in recombinant DNA technology
because they cut DNA at specific sites. These enzymes are produced chiefly by
bacterial species in which they serve to degrade invading foreign DNA within the
bacterial cell. Most restriction enzymes recognize a specific sequence of four to six
nucleotides in DNA and each will cut a long DNA double helix into a series of
discrete pieces known as restriction fragments,

Typically, the restriction sites for a giver enzyme are hundreds to thousands of
base-pairs apart so that the fragments generated are hundreds 1o thousands of base-
pairs long. More than 200 different restriction nucleases are now commercially
available. General properties of three of these enzymes are given in Table 1. It
should be noted that some restriction nucleases (e.g., EcoR1 and Bam H1) produce
astaggered cleavage that creates sticky, or cohesive, single-stranded ends on thecut
molecules. These cohesive ends are very important in recombinant DNA proce-
dures because they enable any two DNA fragments to be linked together by
complementary base pairing at their ends, provided that they were generated with
the same restriction enzyme.

Figure 1 illustrates one basic procedure by which cellular DNA from essentially
any source can be amplified by recombinant DNA techniques. First, a plasmid is
cleaved at a single site by a restriction nuclease, such as EcoR1, that produces
cohesive ends on the plasmid DNA. The cellutar DNA to be cloned is cleaved with
the same enzyme, and fragments of the cellular DNA are anncaled to the plasmid
DNA by complementary base-pairing at the cohesive ends of the DNA molecules.
The newty formed joints are sealed with an enzyme called DNA ligase, which forms
covalent bonds between the ends of each DNA molecule. The recombinant DNA
molecules are then introduced into E. coli by transformation, and the bacteria are
grown in the presence of an antibiotic. The hybrid plasmid can replicate in the
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Dilution Buffer - The buffer contains 0.05M NaCl, 20% Gtlycerol, and 10mM Tris

Materials Provided

pH 8.0

Bovine Serum Albumin

Rabbit Hemoglobin

Sodium Dodecyl Sulfate (SDS) - 10%
Bromophenol Blue

Orange G

Ponceau S

Proteins and dyes are suspended in dilution buffer and the concentration

of each dye is 0.01M.

1.

2. While the gels are cooling, each group should number four small (0.5ml) tubes

Procedure

Each group should select to perform one of the following experiments.
Prepare 1.2% agarose gels as described in the first part of this manual.

1-4 with a water proof marking pen.

Add dilution buffer, bovine serum albumin{ BSA), and dyes to the four tube

as indicated below.
Group -1. Albumin Binding is Saturable and Ligand Specific
Tube # Buffer BSA Bromophenol Blue
1 201 0 10ul
2 15ul 10ul Sut
3 10l 10u1 10ul
4 0 10ul 20nt

Group - 2. Albumin Binding is Saturable and Ligand Specific

Tube # Buffer BSA Ponceau 5

1 20pl 0 10w

2 15put 10pl 5pl

3 10wl 10ul 10

4 0 10pt 201
Group - 3. Albumin Binding is Saturable and Ligand Specific
Tube # Buffer BSA Orange G

1 20ul 0 10p1

2 15ul 10ul 5ut

3 10ul 1611 101

4 0 101 20ul
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Afternomore fibers can be formed, remove the rod and examine the DNA
fibers wound around it.

Rinse the vial with water,

(OPTIONAL)

The precipitation of DNA by alcohol is reversible. This can be illustrated
by placing the rod containing the DNA fibers into a glass test tube that
contains 2 mls of 1% NaC1. Shake the rod until the DNA fibers are in the
solution. It takes about 1 day for the precipitated DNA to dissolve, and at
this time, it can be respooled as described above.

II. Analysis of Denatured (Single-Stranded) DNA

1.

6.

One member from each group should place 3ml of DNA solution into a
glass test tube.

Place the tube in a boiling water bath and boil the contents for about 3
minutes.

Carefully transfer the contents of the tube into a glass vial and then place
the vial in a beaker containing ice chips.

After a few minutes, remove the cooled vial from the beaker, add cold
alcohol to it, and attempt to spool the DNA onto the rod as described above
(Section I, 3-4).

Stir the contents of the via! with the rod in order to mix the DNA with the
alcohol. Note and record the type of precipitate that is formed.

Rinse the vial with water.

II1. Effects of DNAse I on the Structure of DNA

1.

One member from each group should place 3 ml of the DNA solution into
the glass vial,

Using a small transfer pipet, add 50ul (about 4 drops) of the DNAse I
solution to the vial and mix the contents of the vial carefully.

After 10minutes, add cold alcohol to the vial and attempt to spool the DNA
onto the rod as described above (Section I, 3-4).

Stir the contents of the vial with the rod in order to mix the DNA with the
alcohol, Note and record the appearance of the mixed solution.
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Load 15ul of each of your samples (Tubes # 1-4) into four adjacent sample
wells. Two groups should share one gel.

Electrophorese for 10 minutes at 170 volts, and then turn off and disconnect the
power supply.

Remove the lid from the electrophoresis unit and note the relative gel position
of the albumin bound and free dyes used in your experiment.

Resume electrophoresis until the dyes that are not bound to albumin have
migrated to within 1cm of the positive electrode end of the gel. During this
time, prepare an outline of your presentation that will be given at the end of the
electrophoretic run. The format below may help in the preparation of the
outline.

Atthe end of the electrophoretic run, remove the gels from the unit. At thistime,

you should measure the distance (in ml) migrated by the albumin bound and
free dyes.

The Oral Presentation

The following format can be used as a guide for your oral presentation.

The presentation should last no more than five minutes, so you must be orga-

nized and concise.

1. Title

2. Introduction - A brief background of the topic is given in the introduction.

3. Objective - The goal of the experiment should be noted.

4. Results - The data collected is presented in the results section. For this
presentation, you may use the actual gel, adiagram of the gel,orafigureortable
containing the measurements that were made.

5. Discussion - You should emphasize the importance of the experiment, indicat-
ing the interpretations of the results.

6. Conclusion - The conclusion should contain a restatement of the objective of

the experiment and whether or not the objective was accomplished.
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A DNA molecule is composed of two polynucieotide chains that are coiled
around each other to form a rigid double-helix (see page 4). The double-helical
structure of DNA is very stable at room temperatures because the hydrogen and
hydrophobic bonds between the stacked bases hold the two polynucleotide chains
together. However, if a solution of DNA is heated to a critical temperature, these
bonds are broken and the two polynucleotide strands separate by a process called
denaturation. DNA denaturation is accompanied by a decrease in the viscosity
(thickness) of the solution because single-stranded DNA molecules form flexible
coiled structures that no longer retain the rigid native structure of the DNA double-
helix (Figure 1-2). If the DNA is cooled rapidly, the molecules will remain as single
stranded polynucleotides. However, if the solution is cooled very slowly, restora-
tion of the DNA helix will occur. The reassembly of the two separated polynucleo-
tide strands is called renaturation.

Figure 1-2. Denaturation of DNA.

NATIVE DNA DENATURED DNA
(DOUBLE-STRANDED) (SINGLE-STRANDED)

- HEAT
(100°) RENATURED DNA
(DOUBLE STRANDED)
SLOW
cooL

W
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combine with more subsirate 1o praduce more product. This feature makes
enzyme molecules exceedingly efficient in catalysis and explains how very
small quantities of enzymes are sufficient for cellular processes.

B. MEASUREMENT OF THE RATE OF ENZYME REACTIONS

An enzyme catalyzed reaction can be represented in a simplified form as
follows:
Enzyme
Substrate (§) —» Product (P)

The velocity or rate of the reaction can be determined by measuring the
decrease in substrate concentration with time or, more commonly, by measuring the
rate of appearance of product as shown in Figure 1-2. During the early part of the
reaction illusirated in the figure, the amount of product formed increases lincarly
with time. However, in the latier part of the reaction (20 minutes to 40 minutes), the
rate of product appearance diminishes, and at 40 minutes, product is no longer
formed. A number of reasons can account for the decline in reaction rate with time
including the depletion of substrate or the breakdown of the enzyme. In any case,
in order to describe this reaction, its velocity must be determined during an early
time interval when the amount of product is increasing in a linear manner, The rate
measured during this time is the slope of a straight line and is called the initial
velocity of the reaction (Vo). The Vo in the example shown in the illustration is 10
nanomoles (nmoles*) of product formed per minute.

Figure 1-2. Measurement of the Rate of an Enzynie;Catalyzed
Reaction.

300-
Amount of 250-
Product 200-
Formed
(nmoles)  150-
100-
504
] i [ | ] |
0 10 20 30 40 50 60
‘Time {minutes)
The initial velocity, (V0), is the slope of the linear portion of the curve.
Therefore, in the example, Vo = pmoles at time 2 - nmoles at lime 1 = 100-50 =
time 2 - time 1 10-5

50 = t0nmoles/min

5
*A mole is the molecular weight of a substance expressed in grams. Thus, one
nanomole (nmole) is the molecular weight of a substance expressed in ng
{1ng=10g*). A one molar (1M) solution contains one mole of solute per liter of
solution. Thus, a one nanomolar (1nM) solution contains one nmole of solute per
liter. 43
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D. WHEAT GERM ACID PHOSPHATASE

The wheat kemel consists of three parts: (1) the embryoor germ that produces
the new plant (2) the starchy endosperm which serves as a food source for the
embryo and (3) covering layers which protect the grain. The endosperm is the raw
material for flour production, while the wheat germ is used in food products as a
source of vitamins, Wheat germ is also frequently used in the molecular biology
laboratory as a source of pantcell proteins and nucleic acids. In today’s laboratory,
you will analyze wheat germ acid phosphatase.

The study of enzymes frequently begins with the extraction of these proteins
from tissue. Enzyme extraction procedures usually require a method that destroys
the integrity of the cell. The broken cells then release their molecular constiluents
including enzymes. One method thatcan be used to lyse (break open) cells involves
treating tissue with a detergent that breaks or dissolves cell membranes. In the
procedure described below, you will use an enzyme extraction buffer that contains
the detergent NP-40 in order to prepare an enzyme extract from wheat germ
containing acid phosphatase.

Acid phosphatase catalyzes the removal of phosphate groups from macro-
molecules and smaller molecules that are stored in the wheat seed. The free
phosphate is then used by the growing embryo. In the exercise described below, you
will measure the velocity of the reaction catatyzed by purified acid phosphatase and
by the acid phosphatase that is found in the wheat germ extract that you prepare. A
synthetic phosphatase substrate called nitrophenyl phosphate will be used in the
experiment. Nitrophenyl phosphate is colorless but is broken down to free
phosphate and nitropheno! as shown below. Nitrophenol is yellow in alkaline
solution so that the appearance of yellow color is indicative of the amount of product
formed in the reaction.

SUBSTRATE PRODUCTS
Acid Phosphatase
NITROPHENYL PHOSPHATE » PHOSPHATE
(colorless in +
alkaline solutions) NITROPHENOL
+H,0 (yellow in
alkaline solutions)

Objectives To prepare anenzyme extract from wheat germ, and then to determine
the amount of acid phosphatase in the extract.

Laboratory Schedule

This experiment was designed for 8 groups of students. The exercise can be
completed within a 1-1.5 hour laboratory pericd.

AS
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Objectives

To compare the elecirophoretic patterns of restriction digests of a plasmid
(pUC18), phage lambda DNA, and cow DNA from thymus and kidney.

Materials Provided

Plasmid DNA - EcoR1 cut: The plasmid is known as pUC18 (see Figure 3)
Phage Lambda DNA - Hind III cut (see Figure 2)

Calf Thymus DNA - EcoR1 cut

Calf Kidney DNA - EcoR1 cut

Materials Needed but not Provided

Agarose, electrophoresis buffer, and gel stain

Procedure
The procedures for the preparation, electrophoresis and staining of the agarose
gels are described in detail in the first part of this manual and are briefly outlined
below. This experiment is designed so that the samples of two students witl be
analyzed on one agarose gel. If the students work in pairs, four students will share
one gel. The samples of each student (or student pair) will be electrophoresed on
four gel lanes.

1. Prepare the agarose gels as described in the first part of this manual. In this
experiment, 1.2% gels will be used.

2. Load 15 pl of each sample into the wells as indicated below.

Sample Well Number Sample
Plasmid DNA - EcoR1 cut

Calf Thymus DNA - EcoR1 cut
Calf Kidney DNA - EcoR1 cut
Plasmid DNA - EcoR1 cut

Phage Lambda DNA - Hind Il cut
Calf Thymus DNA - EcoR1 cut
Calf Kidney DNA - EcoR1 cut

o0 ~1 O\ LA W N e

3. Electrophorese until the bromophenol blue (blue dye) in the DNA samples has
migrated 10 within 1 mm of the positive electrode end of the gel. At 170 volts,
this should take about 50 minutes. Remove the gels from the unit and stain them
with methylene blue overnight in the refrigerator.

138

Phage Lambda DNA - Hind IIf cut

The Pipets

The basic tools you will have available for measuring liquids are the
macropipetors and two types of transfer pipets. The macropipetors are calibrated
in mls and should be used for measuring volumes greater than 2 mls. A diagram of
the transfer pipetsis given below. Shown in the figure are the approximate volumes
of liquid dispensed if the pipets are filled to the indicated levels. The large transfer
pipets should be used for measuring volumes between 0.5-1.0mi and the small
transfer pipets for volumes less than0.5 m1. Thus, to transfer 0.Im1 (100y11) from tube
A totube B, place the tip of a small transfer pipet in tube A, depress the bulb slightly
with your thumb and index finger, slowly relax your index finger until the solution
has fitled the pipet to the 100l level, transfer the pipet totube Band depressthe bulb.
A separate pipet should be used by the entire class for dispensing each solution
provided with this Program. Students should practice using these pipets prior 1o
beginning the experimental exercises.

Transfer Pipets
LARGE TYPE SMALL TYPE
APPROXIMATE
VOLUME
APPROXIMATE
VOLUME
= 1.0m1 {1,00001)
———= (0.75ml (750u1)
0.1ml (100p1)
o 0.5m1 (50041) 0.05ml (50pY)
Uam
0.25ml (250u1) -
/ e 0.01ml (1041)
47
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Table 2. Organization of Genomes

Genome Type
Plasmid, Viral, Eukaryotic
and Prokaryotic Genomes
Genomes
Genes
Average Length ~ 1,000 bp ~5,000 bp
Introns Rare Common
Copies per Usualty one Often more
Genome than one
Spaces Between Usually small Usually large
Genes {less than 300 bp)
Repeated Nongenic Rare Common
Sequences

{e.g. DNA satellites)

C. Description of this laboratory exercise

Figure 4 shows the results of an experiment similar to the one that you will
perform in this laboratory. In the analysis, DNA from four sources was digested
with EcoR1 and the fragments were then separated according to size by electro-
phoresis on an agarose gel. The DNA was obtained from A) a 4KB plasmid B) a
40 KB virus C) a bacterium with a genome size of 4 x 10° KB and D)a mammal with
agenome size of 4 x 10° KB. The recognition site for EcoR 1 is a specific sequence
of 6 nucleotides. This recognition site is found, on average, once in every 4KB of
genomic DNA. Consequently, one restriction fragment is derived from the genome
of the ptasmid, 10 from the genome of the virus, 10° from the bacterial genome, and
10¢ from the mammalian DNA. The small numbers of individual bands can clearly
be distinguished in the digests of the plasmid and viral DNA's. However, the large
number of fragments from the bacterial and especially maminalian genomes will
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At the times indicated below, remove 1ml of the solutions in tubes A* and
B* and place them in the corresponding tubes.

Time Tube Numbeg
0 minutes Al and Bl - see above
2.5 minutes A2 and B2
5 minutes A3 and B3
10minutes A4 and B4
15 minutes AS and BS
20 minutes A6 and B6

The KOH in the tubes serves adual purpose. First, it will stop the reaction
because acid phosphatase will be catalytically inactive at alkaline pH.
Secondly, the KOH will cause one of the products of the reaction
(nitrophenol) to turn yellow, and the intensity of the yellow color is
proportional to the amount of nitrophenol in the well.

TII. Measurement of the Product (Nitrophenol) of the Reaction

1n order to determine the amount of nitrophenol produced in the reactions,
you will compare the intensity of the colored reaction products to the
intensities of known amounts of nitrophenol. The six nitrophenol stan-
dards that will be distributed by your instructor contain the following
amounts of nitrophenol dissolved in 2ml of KOH.

0

25 nmoles
50 nmoles

. 100 nmoles
. 200 nmoles
. 400 nmoles

R

Number the remaining 6 tubes in your rack #1-6C. Usinga transfer pipet,
place 2ml of these standards into the cotresponding tubes.

The amount of nitrophenol can be measured by visual inspection and/or
by using a colorimeter such as the Bausch and Lomb Spectronic 20.

A. VISUAL DETERMINATION
1. Holdeach tube overa white sheet of plain paper and examine the

intensity of the yellow color produced by the known amounts of
nitrophenol {tubes numbered C1-C6).

49
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Plasmid Genomes

Plasmids are small circular DNA molecules that exist apart from the chromo-
somes in most bacterial species. Under normal circumstances, plasmids are not
essential for survival of the host bacteria. However, many plasmids contain genes
that enable bacteria to survive and to prosper in certain environments. For example,
some plasmids carry one or more genes that confer resistance to antibiotics. A
bacterial cell containing such a plasmid can live and multiply in the presence of the
drug. Indeed, antibiotic-resistant E. coli isolated in many parts of the world contain
plasmids that carry the genetic information for protein products that interfere with
the action of many different antibiotics.

Plasmids, like viruses, contain a specific nucleotide sequence that serves as a
regulatory signal for the initiation of replication. This sequence is called the origin
of replication. Plasmids, like viruses, also contain genes that are necessary for the
survival of the plasmid in the host cell. Plasmid encoded antibiotic resistance genes
provide examples of these coding sequences. Unlike viruses, however, plasmids do
not make a protein coat and thus cannot readily move from cell to cell.

Plasmids that are used in recombinant DNA research are typically small circular
DNA molecules and you will determine the size of one such plasmid in this exercise.
A diagram of this plasmid is shown in Figure 3. The plasmid, called pUC18,
contains an origin of replication and an antibiotic resistance gene. The plasmid has
been linearized by digestion with the restriction enzyme EcoR1 and you will
determine the size of the linear form of this DNA molecule in today's laboratory.

Bacterial Genomes

The genome of a typical bacterium such as E. coli consists of a single
circular DNA molecule that is associated with few proteins. The E. coli genome
contains approximately 4.5 million base-pairs of DNA which represents about
4,000 genes. These genes are, on average, 1,000 base-pairs in length. Bacterial
genes are closely spaced around the genome and there is little DNA between them.
Nearly all bacterial genes are unique in that each is found in only one copy per
genome. The economy in the genome permits rapid rates of genome replication
which can be as short as 20 minutes in some bacteria including E. coli. Rapid
replication enables bacteria to divide quickly and this feature permits bacterial
species to occupy and to saturate ecological niches in short periods of time.
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2. From the graph, calculate the initial velocities (Vo) for the two reactions.

Reaction Al-A6 Vo=
Reaction B1-B6 Vo =

B.

nmoles nitrophenol/minute

nmoles nitrophenol/minute

SPECTROPHOTOMETRIC DETERMINATION

You may wish to use a colorimeter to determine the intensity of the colored
product. Prior 10 performing this procedure, the student should be familiar
wilh the basic operation of the colorimeter that will be used.

1. Allow the colorimeter to warm up at least 5 minutes priof (o
taking the readings. During the warm up period, add 10ml of
water to each of your 18 tubes and carefully mix the contents.

2. Set the wavelength to 410nm and adjust the dial so that it reads
0% transmittance.

3. Toblank the spectrophotomeler, transfer the contents of tube# 1C
10 a cuvetle, insert the cuvetie into the cuvette holder, close the
cover and adjust the needle to 100% transmittance. With this
solution as the blank, read the absorbance of each standard (tube
number 2C-6C) as described above and record these data in the
table below.

4. Read the absorbance (A) of each time point in your reactions
(tube numbers A1-A6 and B1-B6) and record these data below.

Absorbance (A) at 410nm

Tube Tube Tube

Number Number Number

Al Bi C1 00

A2 B2 C2

Al B3 C3

Ad B4 C4

AS BS Cs

A6 B6 Cs
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Viral Genomes

Viruses are noncellular organisms that can reproduce only within host celis.
Essentially all cellular organisms can be infected with viruses. Thus, there are
viruses that attack plants, animals, and bacteria. Viruses that infect bacteria are
called bacteriophages or simply phages. All viruses contain a genome which is
surrounded and protected by a protein coat. The viral genome contains genes that
code for these coat proteins. Other genes are also found in the genome that are
necessary for the viral life cycle. In addition, the genome contains regulatory
signals for viral transcription and replication. However, viral genomes vary
considerably in different viral types. Thus, the genome can be composed of either
DNA or RNA, can be single-stranded or double-stranded, and can be circular or
linear.

Bacteriophage lambda, which infects E. coli, is probably the best understood
of the double-stranded DNA phages. The protein component of phage lambda
consists of a protective coat which forms the tail assembly and the outer shell of the
head. A single molecule of double-stranded DNA is located in the core of the phage

head. The DNA molecule contains 48,502 base-pairs (molecular weight-3x107)

that codes for approximately 50 different phage proteins. The sequence of
nucleotides along the entire lambda genome is known and the nucleotide sequences
that comprise the major control regions for transcription and replication have been
identified.

Figure 2 shows a genetic map of the phage lambda genome. The genes of the
phage are clustered according to their function and the DNA may be divided into
three regions. The left-hand region includes all the genes (A through J) whose
products are necessary to produce phage head and tail proteins and to package the
DNA into the virus. The central region contains elements involved in integration
of the DNA into the E, coli chromosome. The remaining portion of the genome
includes the major control region for transcription and replication, and the genes
necessary for cell lysis. In order to study these regions, a method is needed to cut
the genome at defined sites. Restriction endonucleases are used for this purpose and
these enzymes are discussed in Part A of this manual. In this exercise, the lambda
DNA that you will use was obtained by digestion of the lambda genome with the
restriction endonuclease Hind IIl. The positions of the restriction sites for
restriction nuclease Hind III are given at the bottom of Figure 2. The lengths of the
DNA fragments produced when lambda DNA is cleaved with this enzyme are also
shown.
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3. Fromtheabove graph, calculate the initial velocities (Vo) for the two reactions.

Reaction A1-A6 Vo = nmoles nitrophenol/minute
Reaction B1-B6 Vo = nmoles nitrophenol/minute
Study Questions

1. Given that you added (or should have added) about 5ug of purified acid
phosphatase to tube A, calculate the amount of acid phosphatase that was
present in the 400 pl of the wheat germ extract in the tube B.

2. How much acid phosphatase is present in 1g of wheat germ?
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from this calibration curve. In practice, DNA standards and unknown DNAs are
electrophoresed on adjacent lanes of the same agarose gel. After electrophoresis,
the positions of the standard and unknown DNA bands in the gel are determined and
the size of the unknown calculated. The length of DNA is frequently given in base-
pairs (BP) for smatl fragments andkilobase pairs (KB) for large ones. One kilobase-
pair equals 1000 base-pairs. In this laboratory, you will use the procedure shown
in Figure 1 to determine the size of DNA molecules.

B. The Genome

The genetic material of an organism is known as the genome. The genomes of
all organisms direct two fundamental processes as diagrammed below. First, genes
within the genome code for proteins and the proteins dictate phenotype by
controlling cell structure and function . Second, the genome is scif-replicating
which provides genetic continuity through cell division and from one generation to
the next.

Replication

Transcription Translation

Genome ———> RNA —— Protein

|

Phenotype

Cellular organisms are frequently classified into two basic types: prokaryotic and
eukaryotic. The prokaryotic plan is seen in bacteria and blue green algae. The
prokaryotic cell lacks a discrete nuclens and the genome usually consists of a single
circular DNA molecule that is compacted within the cell interior. The eukaryotic
plan is observed in true algae, fungi, protozoans, and the cells of higher animals and
plants. The genome of the eukaryotic cell is found in the nucleus where the DNA
is portioned into a number of chromosomes. Genomes are also found in some
groups of noncellular entities. These entities include viruses, plasmids, and certain
cytoplasmic organelles that are found in eukaryotes including chloroplasts and
mitochondria. This group shares with true living organisms the property that one
generation gives rise to the next. Their genomes also contain genes which code for
certain proteins that are responsible for their phenotype. However, these entities are
dependent on true living organism in that they can grow and reproduce only within
a host prokaryotic or eukaryotic cell. Some examples of genome sizes is provided
inTable 1 and a brief discussion of the genomes that you will study in this exercise
i given below.
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The final reaction of anaerobic (without oxygen) glycolysis is the conversion
of pyruvate to lactic acid and this reaction is catalyzed by the enzyme lactate
dehydrogenase (LDH). In skeletal muscle, where oxygen deprivation is common
during exercise, the reaction is efficient and large amounts of lactate can be formed.
{See Figure 3-1). In tissues that preferentially oxidize glucose aerobicalty to CO,
and water such as cardiac muscle, the reaction is not efficient and pyruvate is
preferentially converted to acetyi COA which enters the citric acid cycle. In order
to understand the differences in efficiency of this reaction in skeletal and heart
muscle, it is necessary to explore the structure of the LDH enzyme in different
tissues of the body,

Isoenzymes are different molecular forms of the same enzyme and five major
LDH isoenzymes are found in different vertebrate tissues. Each LDH molecule is
composed of four polypeptide chains (each is a tetramer) but the subunit composi-
tion of the five LDH isoenzymes are different. There are two types of polypeptide
chains in LDH called M (for skeletal muscle) and B (for heart muscle) which can
be combined into the LDH tetramer in 5 different ways. Each differentcombination
of subunits represents a distinct LDH isoenzyme as illustrated in Figure 3-2.
Because the H polypeptide has more acidic amino acid residues than the M
polypeptide, the electrophoretic mobilities of the LDH isoenzymes are: LDH 1>
ILDH2>LDH3>LDH4>LDH}.

Figure 3-2. LDH Isoenzymes.

LDHt LDH2 LDH3 LDH 4 LDHS
H H M H M M M M M M
H H H H H H M H M M

+ = ———— )
Elecirophoretic Migration

The H and M polypeptides of LDH are encoded by different genes, and the
two genes are expressed to different degrees in different tissues. For example, in
heart muscle, the gene for the H subunit is more active than the gene for the M
subunit, Thus, LDH isoenzyme 1 is the predominant form of the enzyme in cardiac
muscle. The reverse is true in skeletal muscle where there is more M than H
polypeptide produced, and hence, more of the isoenzyme 5 form of the enzyme. The
efficiency of the conversion of pyruvate to lactate increases with the number of M
chains. Therefore, the high concentration of LDH-5 (4 M subunits) in skeletal
muscle rapidly converts pyruvate to lactate while the high concentration of LDH-
1 (4 H subunits) in heart tissue favors conversion of pyruvate to acetyl COA which
enters the citric acid cycle. These tissue-specific differences in LDH-isoenzymes
can be readily detected by the localization of LDH activity in an agarose gel after
electrophoresis of tissue extracts as sho;gn in Figure 3-3.
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4. Place the staining tray in the refrigerator and allow 3-18 hours for staining.

5. Decant and discard the stain, rinse the gel and dish with distilled water and add
about 100ml of distilled water.

6. Change the water after about 10-20 minutes and hold the staining dish over a
light source such as a desk lamp or light box. Note the position of the dark blue
DNA bands against the light blue gel background. The gel can be stored in
water in the refrigerator for a few days. After about a week or two in the
refrigerator, the dye will diffuse out of the gel and the DN A bands will no longer
be visible.

Rapid Procedure

1. Dilute the gel stain concentrate 1000-fold and stain the gels for 30-60 minutes
in 100mls at 37°C.

2. Decant and discard the stain, rinse the gel and dish with water and add about
100m] of distilled water.

3. Change the water after about 20 minutes and again after an additional 20
minutes. DNA bands can been seen during these destaining steps.

4. When the background stain has been reduced sufficiently, hold the staining
dish over alight source and carefully observe the stained DNA bands in the gel.

Gel Storage

1. The gel can be stored in a sealed plastic bag (3x3") with a few mls of distilled
water for up to one month in the refrigerator.

2. For long term storage, place the gel on a glass slide and smooth with a gloved
index finger to eliminate air bubbles between the gel and the slide. Aliow the
gel to dry onto the slide at room temperature for 3-4 days. Cover the dry gel
film and glass slide with saran wrap.

V. Suggested Reading and Reference for Part A
Lewin, B. Genes V. Oxford University Press, Oxford NewYork Tokyo, 1994.

Jones, P. Gel Electrophoresis: Nucleic Acids. Chichester, West Sussex, UK, New
York: Wiley 1995.
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The highly colored TNBT - Formazan preduct localizes in the electrophoretic zones
of LDH activity and the amount of brown color formed is quantitatively related to
the level of LDH isoenzyme present.

Objectives: In this experiment, you will first prepare tissue extracts from calf
thymus. You will then characterize the LDH isoenzymes in the tissue extracts and
in calf serum.

Materials Provided:

Calf Thymus (15 grams)

Calf Heart LDH - A tissue extract from calf heart enriched in LDH.

Calf Muscle LDH - An extract from skeletal muscle enriched in LDH.

*Extraction Buffer - The buffer contains NaCl, Tris (pH 8.0) and the detergent
Nonidet P-40.

Electrophoresis Sample Buffer - The sample buffer contains glycerol and bromo-
phenol blue.

Calf serum - The serum is diluted in electrophoresis sample buffer.

LDH-Substrate - Prepared fresh as described below.

*Prepared as described in the Instructor Guide.
Materials Not Provided

*Materials required for electrophoresis including clectrophoresis buffer, agarose,
and gel destain solution.

8 mortars and pestles

8 pair of scissors

8 ice baths

4 gel staining trays

A water bath maintained at 37°C

Small centrifuge (Either a clinical centrifuge or a microcentrifuge can be used.)

8 centrifuge tubes '

Sixteen 1.5ml tubes

A balance
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Pour the melted agarose directly from the test tube onto the casting deck and
return the test tube to the hot (but not boiling) water bath. The small amount
of melted agarose left in the test tube will be used for sample application (see
below). Insert the comb into the casting tray slots and push down gently on the
top of the comb until resistance is encountered. The teeth of the comb will come
to rest in the melted agarose about 0.2mm above the surface of the glass plate.

After the gel has cooled for at least 15 minutes, remove the tape strips and
carefully lift the comb straight up and away from the casting tray. The gel is
now ready for sample application. Gels can also be stored for up to one week
before use. For gel storage, the comb is left in place and the tray containing the
gel and comb is wrapped in plastic wrap and placed in the refrigerator.

Sample Application

Prior to sample application, place the following items on the laboratory

bench in front of you.

*Agarose gel

*Sample for electrophoresis

*Micropipetor and micropipets

*Absorbent tissue (e.g. Kleenex or Kimwipes)

*Small beaker of distilled or deionized water

*Melted agarose - Transfer the melted agarose from the large test tube in the
hot water bath to a small tube. The small tube should then be placed in a beaker
of hot water to ensure that the agarose remains in a liquid state.

Hold the micropipetor in a vertical position and place the filling end of the
micropipet into the sample solution.

Draw the sample into the pipet to the 154 calibration line by lifting up on the
handle of the plunger assembly.

Wipe excess liquid from the outer pipet surface with an absorbent tissue.

Carefully direct the filling end of the micropipet into the top of the sample well
and slowly eject the 15! of the sample well.

Draw melted agarose into the micropipet to the 20l calibration line, direct the
filling end into the sample well, and slowly eject the agarose onto the sample
until the well is full. Between 10-20p1 of agarose are required to fill the well.
The agarose will seal the sample in the sample well.

Rinse the pipet by drawing up and expelling water threc times from the pipetor.
Wipe excess liquid from the outer pipet surface with an absorbent tissue.

Repeat steps 1-7 to load each additional sample.
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3. Load 151 of the following samples into the agarose gel sample wells.

Sample Sample
Well Number
1 Calf Serum
2 Calf Hean LDH Group 1
3 Calf Muscle LDH
4 Calf Thymus Extract
5 Calf Serum
6 Calf Heart LDH Group 2
7 Calf Muscle LDH
8 Calf Thymus Extract

Electrophoresis at 170V until the bromophenol blue in the lissue extraci
samples has migrated to within Imm of the positive electrode end of the gel.

Remove the gels from the electrophoresis cell, rinse them in distilled water, and
note the blue serum albumin bands in lanes 1 and 5. Some of the bromophenol
blue in the sample will remain bound to albumin during the elecirophoretic run.

IV. Detection of LDH Isocnzymes

Preparing the LDH Substrate Solution: The instructor should prepare the LDH
substrate solution at the end of the electrophoretic run. About 0.5ml of packed
substrate is provided which can be used for two scparate experiments. To
prepare the substrate solution for this experiment, remove about half of the
substrate powder from the tube with a spatula and dissolve the powder in 65ml
of distilled water. Retum the remaining powder to the freezer.

Add 15ml of the LDH-substrate solution 10 a gel staining dish containing your

gel and incubate in the dark for 30-40 minutes at 37°C. Donot mouth pipet this
solution,
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The micropipetors are an important accessory used for electrophoresis
procedures. The micropipetor consists of a stainless steel plunger and 50 micropi-
pets with calibration lines of Spb*, 10ul, 151, 20pl, and 25p as shown below.

A Diagram of the Micropipet Apparatus

PLUNGER

MICROPIPET

jo— W ¥ X | K 1]
25pu1 20p1 1541 10ul 5pl Filling
Calibration Lines end

*One milliliter {ml) = 1,000 microliters {ul)

TO OPERATE THE MICROPIPETOR:

1. Ins:ert the metal plunger into the end of the glass pipet that is opposite the
calibration lines. The glass pipet can be held between your thumb and middle
finger and the plunger operated with your index finger on the same hand.

2. Gently push down on the plunger until the plunger handle comes to rest on the
pipet.
3. Hold the micropipet in a vertical position and place the filling end into the

sample solution.

4. Draw the sample into the pipet to the appropriate calibration line by lifting up
on the handle of the plunger assembly.

5. Carefully wipe excess liquid from the outer pipet surface with an absorbent
tissue.

6. Direct the filling end of the micropipet into a tube and slowly eject the sample.

7. Rinsethe pipet between samples by drawing up and expelling water three times
from the pipetor.

Students should practice using these pipets prior to beginning the experi-
ments.
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Experiment 1 (701). Enzyme Cytochemistry
General Background
A. ENZYME CYTOCHEMISTRY

Most cells are colorless, translucent, and almost invisible in an ordinary light
microscope. Consequently, biologists frequently stain cells to render them visible
for microscopy. A number of organic dyes are available which can be used to stain
biological specimens and some of these stains show a preference for particular parts
of the cell. For example, the basic dyes methylene blue and toluidine blue stain cell
nuclei, acid dyes like eosin stain the cytoplasm, sudan black stains fat droplets and
janus green stains mitochondria. Although these dyes are useful foridentifying cell
organelles, they lack the specificity required to detect individual macromolecules.

A variety of new methods are now used by cell biologists for detecting
specific macromolecules at the light microscopic level and you will use one of these
methods in today’s laboratory. The method is called enzyme cytochemistry, which
permits the localization of specific enzymes in cells or tissues. Enzyme cytochem-
istry can be used to study the subcellular distribution of specific enzymes and can
tell us if an enzyme is found in a particular organelie. In addition, the method is a
powerful tool for identifying specific cell and tissue types.

The basic steps in enzyme cytochemistry are diagramed in Figure 1-1 and
described below.

1. Fixation
Cells or tissues are usually “fixed” by immersion in acids, organic solvents
such as ethanol or acetone, or reactive aldehydes. Cells are fixed prior to
most staining procedures in order to make them permeable to the stains. In
addition, fixation causes cells to adhere to the microscope slide and cross-
links cell proteins which locks or “fixes” them in position.

2. Incubation with a special colorless enzyme substrate
Fixed cells or tissue sections are incubated with a colorless substrate of the
enzyme under study and the enzyme catalyzes the conversion of the
substrate to a colored product.

3. Petection of the colored product by microscopy

The colored product deposited at the site of enzyme action is then detected
by microscopy.

©1994 by John N. Anderson 61
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Figure 7. Components of a Horizontal Electrophoresis System.
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Electrophoresis Chemicals

The Agarose Gel

Because the agarose gel is an ideal solid support for the separation of nucleic
acids on the basis of size, it is used extensively for this purpose in the molecular
biclogy laboratory. Agarose is a natural polysaccharide of galactose and 3,6-
anhydrogalaciose derived from agar, which, in tum, is obtained {rom certain marine
red algae. Agarose gels are made by dissolving the dry polymer in boiling buffer,
pouring the gels into casting trays and allowing them to set by cooling at room
temperature. The resolving power of an agarose gel depends on the pore size, which
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B. PEROXIDASE

The enzyme that you will study in Parts A and B of today’s laboratory is
called peroxidase, Peroxidase catalyzes the oxidation of phenolic compounds at the
expense of hydrogen peroxide (H202). Although hundreds of papers have been
published on peroxidase, the precise functions of the enzyme are uncertain. In plant
systems, peroxidase is likely to play a role in synthesis of the plant cell wall. Here,
the enzyme cross links phenolic residues of cell wall polysaccharides and glycopro-
teins which serves to strengthen the cell wall components. Peroxidase can also kill
microorganisms and destroy chemicals that are toxic to both plant and animal cells
including H,0,, phenols, and alcohol. For these reasons, it has been proposed that
peroxidase protects cells from microorganisms and toxic chemicals.

in this laberatory, you will localize peroxidase in cells and tissues by enzyme
cytochemistry. The reaction that will be exploited is shown below. Cells or tissues
will be incubated with chloronapthol and hydrogen peroxide. The peroxidase
converts the chloronapthol to an insoluble purple product which is deposited at the
sile of the enzyme.

Chloronapthol Peroxidase Chloronapthol
Soluble Insoluble
Colorless Purple
Substrate H.O Product

Objectives In this three-part exercise, you will localize peroxidase at the cell and
tissue level by enzyme cytochemistry. InPart A, peroxidase will be localized at the
tissue level in germinating com seeds. In Part B, the intraceflular location of the
enzyme in onion epithelial cells will be examined. The cell types containing
peroxidase in blood will then be identified in Pant C.

Laboratoery Schedule
Sufficient materials are provided for 8 groups of students to perform the experi-

ments. Each part of this exercise requires between 30-40 minutes to complete and
the different parts can be performed in different laboratory sessions.
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Figure 6. Production of a Recombinant DNA Moiecule

AATT:

CELL DNA
— AATT Amsrimrr AATT
—eee TTAAN A TTAA —
CIRCULAR PLASMID
DNA MOLECULE
EcoR1

GENE FOR
ANTIBIOTIC EcoR1
RESISTANCE

AATT

TTAA

LINEAR PLASMID
DNA MOLECULE

A RECOMBINANT DNA
MOLECULE COMPOSED OF
PLASMID DNA AND CELL

DNA INSERT

INTRODUCE ﬂéﬁomgg}r'lc-
RESISTANT RE!

PLASMID INTO E.COLI AS DESCRIBED
IN FIGURE 5
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1. Imbibition of water and hydration of subcellular organelles

2. Activation and new synthesis of a variety of enzymes in the aleurone layer and
in the embryo

3. Anincrease in the levels of digestive enzymes amylase and proieinases in the
aleurone layer and scutcllum. These enzymes break down the stored starch and
proteins into glucose and amino acids in the endosperm.

4. The transpon of the breakdown products (glucose and amino acids) from the
endosperm to the embryo where they are used as a nutrient source for the
growing embryo

5. Anincrease in oxygen uplake and respiratory activily of the embrycnic celis

6. Cell division and differentiation in the embryo and the emergence of the root
from the seed.

Seed-testing laboratories frequenty determine the percentage of viable
(living) seeds in a seed lot by growing sceds under prescribed conditions and
observing the number thal germinate. The activation of respiration during germi-
nation forms the basis of a simple altemative test for seed viability. Inthis test, seeds
are incubated with a colorless tetrazolium dye. Electrons produced by cellular
respiration reduce the dye to a red product as shown in the equation below.
Tetrazolium reduction has been used to localize respiring tissues in plants and
animals and 10 detect mitochondria in viable cell preparations. In thisexercise, you
will use this histochemical procedure 1o identify the sites of respiration in the
germinating com seed.

From Respiration
Tetrazolium 2H' + 26 Triphenyl Formazan
(Soluble and Colorless) {Insoluble and Red)

Objective - Part A To identify the sites of respiration, starch storage, and
peroxidase in the germinating corn seed.
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A nuclease is an enzyme that breaks the phosphodiester bonds that connect the
nucleotide units in DNA or RNA. Restriction nucleases are powerful tools used in
recombinant DNA technology because they cut DNA at specific sites. These
enzymes are produced chiefly by bacterial species in which they serve to degrade
invading foreign DNA within the bacterial cell. Most restriction enzymes recognize
a specific sequence of four to six nucleotides in DNA and each will cut a long DNA
doubie helix into a series of discrete pieces known as restriction fragments.

Table 1. Properties of Three Restriction Enzymes

Restriction Nuclease

Hpa |

Bacterial Source Recognition Sequence
and Mode of Cleavage
Hasmophilus -G-T-T-A-A-C-
parainfluenzae -C-A-A-T-T-G-

Cuts on lines of symmetry / \

-G-T-T A-A-C-
-C-A-A T-T-G-
Blunt ends

.......................................................................................

.......................................................................................

Baciillus amyloliquefaciens -G-G-A-T-C-C-
-C-C-T-A-G-G-

Staggered Cleavage
-G G-A-T-C-C
-C-C-T-A-G G
Cohaesive {Sticky} Ends
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III. Location of starch, peroxidase, and the sites of respiration in seeds.

L

Obtain four small tubes or dishes and label them #1 - #4 with a marking
pen.

Using alarge transfer pipet, place 1ml of the following into the tubes. (Do
not mouth pipet these solutions.) The iodine is a stain for starch,
tetrazolium for respiration activity, and the peroxidase substrate for
peroxidase.

Tube Number
#1 Walter
#2 Todine
#3 Tetrazolium Solution
#4 Peroxidase Substrate Soluticn

Using a razor blade, cut 4 seeds in half as described above, and rinse the
seed halves in water,

Place two halves in the solutions in each tube or dish such that the cut
surfaces are in contact with the solutions. The seeds should be transferred
with forceps or by piercing them with toothpicks.

After 3 minutes, remove the seeds from tube #2, rinse the seed halves in
water, and note the seed areas that have stained with iodine and those that
have not. Note - use forceps or toothpicks to transfer the seeds.

After 20-30 minutes, use forceps or toothpicks to remove the seeds from
tube #1, 3, and 4. This time period can be reduced to 10 minutes if the
incubation is carried out at 37°C. Rinse the seeds in water and note the
colored seed areas in treatment groups 3 and 4, A hand lens or a binocular
microscope can be used 10 study the colored areas of all seeds in more
detail.

Data Analysis

Inthe space provided below, record the seed areas that are stained by each treatment.

Tube
Number

a0 B

Treatment Resuli

H,0

Iodine

Tetrazolinm
Peroxidase Substrate
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Analysis of Specific Genes and Recombinant DNA Technology

A key to one of life's great mysteries was discovered in 1953 when the double-
helical structure of DNA was perceived by Watson and Crick. Elucidation of the basic
mechanisms of replication, transcription and translation quickly followed, and by the
early 1960's, the model shown in Figure 4 was generally accepted by mostbiclogists.
However, genes from higher organisms resisted detailed analysis until the mid
1970's because of the complexity of the DNA in eukaryotic crganisms; a vertebrate
cell contains enough DNA to code for more than 100,000 proteins. In order to study
the structure and function of a single protein coding gene, the gene mustbe prepared
in a purified form. The isolation of a specific gene from celiular DNA by conventional
biochemical procedures is not practical because of the magnitude of the purification
required (usually 100,000-fold) and because the procedures would necessitate the
use of a large quantity of starting cellular DNA. Herein lies the major use of
recombinant DNA technology, for it permits the amplification and isolation of specific
genes by relatively simple procedures. A basic understanding of these procedures
requires a description of an interesting feature of bacterial physiology.

Plasmids are small circular DNA molecules that exist apart from the chromesomes
in most bacterial species. Under normal circumstances, plasmids are not essential
for survival of the host bacteria. However, many plasmids contain genes that enable

‘the bacteria to survive and prosper in certain environments. For example, some
plasmids carry one or more genes that confer resistance to antibiotics. A bacterial
cell containing such a plasmid can live and multiply in the presence of the drug.
indeed, antibiotic-resistant E. coli isolated in many pans of the word contain
plasmids that carry the genetic information for protein products that interfere with the
action of many different antibiotics.

Inthe laboratory, plasmids canbe introduced into living bacterial cells by a process
known astransformation. When bacteria are placed in a solution of calcium chloride,
they acquire the ability to take in plasmid DNA molecules. As illustrated in Figure 5,
this procedure provides a means for preparing large amounts of specific plasmid
DNA since one transformed cell gives rise to a clone of cells that contains exact
replicas of the parent plasmid DNA molecule. Following growth of the bacteria inthe
presence of the antibiotic, the plasmid DNA can readily be isolated from the bacterial

culture.

Plasmids, as well as certain viruses, are extraordinarily useiul tools for the
molecular biologist, because they serve as gene-carrier molecules called cloning
vectors. A basic procedure of recombinant DNA technology consists of joining a
gene of interest to vector DNA to form a hybrid or recombinant molecule that is able
to replicate in bacteria. Thus, cloning vectors contain genes for replication in
bacteria. In addition, vectors generally carry antibiotic-resistance genes so that
uninfected bacteria can be eliminated from the culiure. In order to prepare a
recombinant DNA molecule, a procedure is required for cutting cloning vectors and
cellular DNA molecules at precise positions.
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be used for th experiment. Remove one of the fleshy “scale” leaves from an onion
bulb section and place it on the bench in front of you, concave surface up.

2. Obuain three clean glass slides and label them #1-#3 with a pencil.

3. With forceps, peel off three small pieces of the outer epidermal layer (~ lcm

x 29m) and place one piece evenly onto each slide. If the tissue becomes badly
wrinkled, discard it and obtain a new piece.

4. Place a few drops of ethyl alcohol onto the epidermis on each slide in order to

ﬁ{c the tissue. Add fresh alcohol to the tissue after 1 minute, and then let the
slides air dry for a few minutes.

5. Place a few drops of the iodine solutioa onto the tissue on slide #1, water on

slide #2, and Peroxidase Substrate on slide #3. Iodine staining is done to
highlight internal structures of the cells.

6. Afterabout8 minutes, add afew additional dropsofiodine onto slide #1, water

onto slide #2, and Peroxidase Substrate onto slide #3.

7. After 10 minutes, place a paper towel at the edge of the tissue sections to draw

off the solutions on the slides. Place a few drops of water onto each tissue
section and draw off the water using a paper towel. Note the color of the tissue
sections. '

8. Place a few drops of water onto each section. Using a dissection probe or

needle, slowly lower a cover slip over the tissue sections atiempting 10 avoid
trapping air bubbies.

9. Examine slide #1 with the low-power objective and then examine the cells

under high power. Identify the cell walls that surround the individual cells, the
cytoplasm, and finally the nuclei which should appear as brown staining bodies
in the translucent cytoplasm. Next, examine slides #2 and #3, identify the
above structures, and carefully note the subcellular distribution of the purple
color in slide #3.

Data Analysis

The student should provide a written description or adrawing of the subcellular
distribution of peroxidase activity (purple color) on slide #3.
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Biological Role of DNA and RNA

DNA is an information molecule with two general functions (Figure 4). First, DNA
plays a central role in the propagation of the species and the determination of the
heritable characteristics of the cell and its descendants. Priorio the time of each cell
division, the two strands of the DNA helix separate from one another and each serves
as a pattern or template for the synthesis of a new, complementary chain. This
process of DNA bicsynthesis is known as replication. One of the double helices
formed is then transmitted to one daughter cell, and one to the other. Although the
principle underlying DNA replication is straightforward, the actual mechanism
responsible for the replication process in the cell involves an array of enzymes and
regulatory proteins.

The informational content of DNA also determines the types of proteins that are
produced by acell. In this manner, the DNA molecule functions as a blueprint for all
cellular processes that go on during the lifetime of an organism. Inthefirst step along
the information pathway from DNA to protein, a segment of DNA is copied into a
complementary strand of messenger RNA (mRNA) by a process known as transcrip-
tion. Transcription begins when an enzyme called RNA polymerase binds to a
specific sequence on the DNA known as the promoter. At this site, the enzyme
unwinds a small segment of double helix, exposing the bases of the two single
strands of the DNA molecule. One of these strands is then transcribed. As the
polymersase travels along the DNA, ribonuclectides with bases complementary tothe
DNA are added to the growing chain. For example, the DNA segment C-G-T-A-T-
Gistranscribedinto G-C-A-U-A-Cinthe mANA. Each sequence of three nucleotides
in the mANA is called a "codon,” and codes for one amino acid. Since most
polypeptide chains contain between 100 to 1,000 amino acids, an mRNA must be
atieast 300 to 3000 nucleotides long. Therefore, a gene that codes for a polypeptide
chain must contain at least 300 to 3,000 base pairs.

The translation of mRNA inte protein is a complex process that occurs on particles
called ribosomes. This process requires ribcsomal RNAs (rRNAs) and transier
ANAs (tRNAs). These RNA species do not specify proteins themselves but rather
take partin decoding the information carried by the mRNAs. Atone end of eachtRNA
molecule is a nucleotide tripiet called the "anticodon,” which is complementary to an
mRNA codon. A specific amino acid is bound to the cpposite end of each tHNA
molecule. On the ribosome, tRNAs carrying amino acids associate with the mRNA
by way of complementary base-pairing at the anticodon-codon sequences, Asthe
ribosome moves along the mRANA, the amino acids carried by the tRNAs are linked
to the growing polypeptide chain. In this manner, the order of codons along the
mANA directs the amino acid sequence of a polypeptide chain. The translation
process occurs on the surface of the ribosomes. These particles, which are
composed of rANA and ribosomal proteins, serve to bring together the mRNAs, the
tRNA and other factors that are required for protein production.
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Anaerobic metabolism occurs in the absence of oxygen. In the process,
pyruvate is converted 10 2-carbon or 3-carbon end products which then exit the cell.
The process is frequently called fermentation or anaercbic glycolysis and the end
products include ethanol, acetic acid, and lactic acid. Inorganisms such as brewers
yeast and some bacteria, pyruvate is converted 10 ethanol and the process forms the
basis of beer and wine production. Pyruvate can also be reduced to lactate in a
reaction which is catalyzed by the enzyme lactale dehydrogenase (LDH). This
reaction, which is shown below, occurs in most cell types. However, it is especiatly
pronounced in lactic acid producing bacteria, in active muscle cells which fre-
quently display oxygen deficiency during exercise and in a few cell types such as
red blood cells, which lack mitochondria..

Lactate Dehydrogenase (LDH)

Pyruvate + NADH + H T=———————"" Lactic Acid + NAD

B. CELL TYPES IN BLOOD

Blood contains erythrocyles, leukocytes, and platelets suspended in a
liquid medium called plasma. The erythrocyles, or red blood cells are the most
numerous cell type in blood. These cells carry hemoglobin in the circulation and
this protein transports oxygen from the lungs to tissues. Mammalian red cells are
formed in the bone marrow of the adull by a process called erythropoiesis and then
lose their nuclei shortly before they are released into the circulation. In contrast,
erythropoiesis in nonmammalian vertebrates does not involve nuclear loss. Thus,
erythrocyles in the circulation of aduit birds, reptiles, amphibians, and fish contain
nuclei.

Mature erythrocytes in all vertebrates lack mitochondria. Thus, complete
oxidation of pyruvate to CO, and water as in Figure 1-3 does not occur. One major
source of energy for the mature erythrocyte is anacrobic glycolysis and a major end
product of the process is lactic acid. Thus, lactate dehydrogenase is an important
enzyme in energy metabolism in the erythrocyte. In this laboratory, you determine
the subcellular location of lactate dehydrogenase in chicken erythrocytes.
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The Polynucleotide Chain

Nucleic acids are polynucleotides and have the general structure shown below:

Base Base Base

— Sugar — Phosphate — Sugar—- Phosphate —. Sugar —

A polynucleotide is composed of repeating nucleotide units linked into chains by
phosphodiester bonds that join the 5' carbon of one ribose or deoxyribose group to
the 3 carbon of the next sugar (Figure 2). The sequence or order of nuclectides in
a polynucleotide chain is often abbreviated by a 1-letter code (e.g., G-C-A-T-A) with
the 5'end of the chain written at the lefi. A typical RNA molecule is a single-stranded
polynucleotide chain. As will be described below, DNA usually contains two
polynucleotide strands coiled around one another to form a double-stranded helix.
The number of nucleotide units in a nucleic acid chain varies tremendously
depending on the nucleic acid type. For example, each chromosome from a higher
organism is thought to contain a single, very long DNA molecule. A DNA molecule
from the largest human chromosome is composed of approximately 5.4 x 10®
nucleotides, which coiresponds to a molecular weight of the order of 10" and a
length of about 4 cm. On the other hand, iranster RNA molecules generally contain
only 70-80 nucleotides.

Figure 2. Structure of the Polynucleotide Chain

/
P d
o d
Base |
H:CIS‘ o I!I- H=CI5' o hll —Base 1
’ ’ * ’ ]'
3’ 2
Segment of the w
¢ polynucleotide
O=p—0 chain in RNA. O=p—0
9’) | Base 2 O ) Base2
HE O N HE O N-
¢ ¢
o=p—0 Segmentofthe o—p——
3 | Based polynucieotide ; Base 3
HC O - chainin DNA.  H. :o: =
H ?
0:}-’»—0‘ O_—..r—O‘
¢ 0
]
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Materials Not Provided

Ethyl alcohol (90-100%)

Distilled or deionized water

Microscopes, cover slips, and immersion oil
Small (100ml) beakers

Waterproof markers
Water bath maintained at 37°C (98°F)

Procedure
I. Fixation

1. Placeiheslide on the laboratory bench ir front of you with the frosied side
up. Place your initials on the frosted surface using a pencil. The cells have
been spread on this surface of the slide. Place several dropsofethyl alcohol
on the slide and after two minutes drain the slide by standing it on end.

2. Allow the slide to dry in air for a few minutes.

3. Rinse the slide with water, To rinse the slide, hold it on the frosied edge
at a 90° angle over an empty beaker. Draw a few mls of water into a
iransfer pipet, slowly expel the water onto the top of the slide near the
frosted edge, and permit the water to flow down the slide over the cells.
Repeat this process three times.

4. Rinse the slide one time with about 3ml of the detergent NP-40 as
described in Step 3. Do not apply the detergent directly onto the cells. The
detergent will help to permeablize the cells which will facilitate the uptake
of the LDH substrate.

5. Rinse the slides with water as described in Step 3.
II. Detection of LDH Isoenzymes
1. Preparing the LDH subsirate solution: The instructor should prepare the
LDH substrate solution, To prepare the solution, transfer the contents of
the LDH-Substrate tube to 50ml of distilled water and stir for a few minutes
until the powder is dissolved. The solution should be protected from light
as much as possible and used immediately after preparation.

2. Place 15mi of the substrate solution into 3 of the plastic dishes. Do nol
mouth pipet this solution.

3. Place the 8 slides into the three dishes, frosted side up.
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Part A. Background Information

I. Nucleic Acids: A Review of the Basics

The concept that chromosomal units known as genes transmit heritable informa-
tion from parent to oftspring was founded in the late 19th century. However, a
description of genes in terms of their unique structural and functional properties is
reiatively new. We now know that genes are composed of a type of nucleic acid
called deoxyribonicleic acid (DNA). The DNA molecule not only directs its own
reproduction but also stores all the information that determines the types of proteins
produced during the lifetime of an organism. In so doing, DNA orchestrates the
complex reactions and structures characteristic of an organism and its ofispring.
Ribonucleic acid (RNA), the second major category of nucleic acids, is involved
principally in the transmission of genetic information and in protein production. The
structure and function of DNA and RNA can most easily be understood by examining
the chemical compaosition of the nucleic acids.

Nucleotides — Building Blocks of Nucleic Acids

Underthe proper conditions, nucieic acids can be broken down te low- molecular-
weight products of three types: a pentose (or 5 carbon) sugar; purines and
pyrimidines; and phosphoric acid (Figure 1). The phosphate group is responsible for
the strong negative charge of nucleic acids. The pentose sugar from RNA is always
ribose and that from DNA is 2-deoxyribose. These sugars differ only by the presence
or absence of a hydroxyl group on carbon 2 (se-called 2°). The numbers assigned
to the five carbon atoms are shownin Figure 1. The purines and pyrimidines are often
called nitrogenous bases (or, simply, bases). The major purine bases in DNA and
RNA are adenine (A) and guanine (G}, and the major pyrimidines inDNA are cytosine
{C) and thymine (T). BNA contains the base uracil (U) in place of thymine. The
sugars and phosphates are readily soluble in water. That s, they are hydrophilic. in
contrast, the bases are hydrophobic in that they display limited solubility in water. As
will be discussed below, these differences in waler solubility are extremely important
for the structure of the DNA molecule.

A nucleotide consists of a pentose sugar, a nitrogenous base and a phosphate

group structured as shown below. The high-energy storage compound, adenosine
triphosphate (ATP), is a well known nuclectide found in biological systems.

Base

Sugar— Phosphate
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Study Questions
{For Parts A, B, and C)

1. 11has been proposed that peroxidase in plants catalyzes a reaction which serves
to strengthen the cell wall. Does the subeellular distribution of peroxidase in
onion cells provide support for this view? Explain.

2. What subcellutar region of chicken erythrocytes contains the highest concen-
tration of LDH activity? Does this localization of LDH agree with what is
known about metabolic processes that occur at this site?

3. Antificial electron acceptors can be used to detect a specific organelle by
cytochemistry. Name this organelle and outline a procedure that you would use
to detect this organelle by cytochemisiry.

Selected References

Seed Physiology, Volume II. "Germination and Reserve Mobilization”, D.R.
Maurray (ed.). Academic Press, 1984.

Molecular and Physiological Aspects of Plant Peroxidases, H. Greppin, C, Pend,
and T. Gaspar (ed.) University of Geneva, Switzerland, 1986.
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III. Electrophoresis
The class should be divided into eight groups for the analysis of the
samples by electrophoresis. The samples of each group will be applied to 4 lanes
of one agarose gel and two groups will share one gel.

1. Obtain two tubes, label one "Vegetable ExtractI" and one "Vegetable ExtractII",
and add 15u! of electrophoresis sample buffer to each.

2. Add 15ul of the corresponding vegetable extract to each tube.

3. Load 15pl of the following samples into the agarose gel sample wells.

Sample Sample
Well Number

1 Vegetable Extract [
2 Vegetable Extract I
3 Hemoglobin-Albumin Group 1
4 Cytochrome C
5 Vegetable Extract
6 Vegetable Extract 11 Group 2
7 HRP-Basic
8 HRP-Mixture

4. Electrophoresis at 170V until the bromophenol blue in the vegetable extract

samples has migrated 1o within 1mm of the (red) positive electrode end of the gel.
At 170V, this should take about 30 minutes.

5. Remove the gels from the electrophoresis cell, rinse them in distilled water, and
note the position of the colored standard proteins in the gel. In the space provided
below, record the distance (in mm) and direction that each protein migrated

Distance from Direction (Toward
Sample Well the positive or
(mm) negative electrode)
Hemoglobin (lane 3)
Albumin (lane 3)
Cytochrome C (lane 4)
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B. CELL-SURFACE RECEPTORS

Cell-surface receptors are animportant classof membrane proteins that are
involved in chemical signaling between cells. We shall first consider the receptor
for the protein hormone insulin to illustrate a few properties of this class of
molecules (Figure 2-2). Insulin is produced by the pancreas and a lack of this
hormone causes diabetes mellitus. Insulin stimulatesa variety of processes in many
cells including an increase in glucose transport and protein synthesis. The cells that
respond to insulin contain insulin receptors on their plasma membranes and the
insulin receptor is a transmembrane glycoprotein. An increase in blood glucose
tevels stimulates the pancreas o release insulin, and the hormone travels through the
circulation and is recognized by cells containing the insulin receptor. Here, insulin
binds to the hormone binding domain of the receptor which is localized on the
surface of insulin responsive cells. The binding of insulin to the receptor isaspecific
interaction analogous to the binding of an enzyme to its substrate. Asaresultof the
binding, the receptor is activated and undergoes a structural change which is
transmitted through the membrane to the effector domain of the receptor located on
the cytoplasmic side. The effector domain of the insulin receptor is an enzyme (a
tyrosine kinase) that is catalytically active only in the presence of insulin. The
activated receptor then causes acascade of events within the cell, which ultimately
leads to an increase in glucose transport and protein synthesis.

Figure 2-2. Schematic Diagram of the Insulin Receptor in the
Plasma Membrane.

Cell Surface
Cell
Insulin Coat
Homone
Binding %
Domain
Insulin x R R R .
Receptor M ¥ ¥ x ¥ ¥ I[;'i?:;c,
Effector
Domain O
¢ = Sugar Residve
¥ Cytoplasm of (g}lycoprotein
Insulin
Response
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center of the gel. The procedure described on page 54 and diagramed in Figure 4-
3 is for preparing two such gels using the Procell Unit and casting trays. Four gels
are needed for the experiment so the procedure must be performed twice.

Figure 4-3. Preparing the gels.
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rd
* If five casting trays are available, the four gels can be poured at one time. In this procedure,
the five trays are taped end to end and 85ml of agarose are poured into the unit.
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Lectins are proteins or glycoproteins of nonimmune origin that cavse cells to
stick or clump together. Over 50 lectins have now been described and the properties
of a few of them are listed in Table 2-1. The function of lectins is unclear. Many
of the lectins have been isolated from plants whose seeds are a rich source of these
interesting molecules. Some seed lectins are toxic when ingested, which may deter
animals from eating seeds. However, lectins perform additional functions in plants
and animals, and there is a growing body of evidence which indicates that they play
roles in cell-signaling and specific cell-to-cell interactions. Thus far, lectins have
been implicated in pollen-stigma interactions in some flowering plants, lymphocyte
homing mechanisms in mammals, and growth control of cells in culture.

D. LECTIN RECEPTORS

The glycoproteins on the cell surface are composed of proteins covalently
bound to oligosaccharide chains (see Figure 2-1). The oligosaccharide chains
usually contain fewer than 15 sugar residues and are composed of glucose,
mannose, galactose, fucose, galactosamine, galactosamine, and sialic acid. The
receptors for lectins are cell-surface glycoproteins and the lectins bind specifically
to the oligosaccharide chains. Different lectins bind to different sugar residues and
hence bind to different cell-surface glycoproteins. For example, the lectin from the
jequirity bean binds galactose and binds to cell-surface glycoproteins containing
galactose chains. Pea lectin, in contrast, has a high affinity for mannose and will
interact selectively with mannose chains on membrane glycoproteins. This speci-
ficity is illustrated in the diagram in Figure 2-3 which shows that mannose inhibits
binding of the pea lectin to the cell surface while galactose inhibits binding of the
jequirity bean lectin.
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Cytochrome C - Plant and animal tissues contain a class of cell protein
pigments called cytochromes. Cytochrome C, which is one of the most well
characterized of the cytochromes, is an integral part of the electron transport system
in mitochondsia and is involved in cell energy production. Cytochrome C consists
of a single polypeptide chain which is wound around a central, nonproteinaceous
compound called heme. It is the iron containing heme group which is responsible
for the orange-brown color of this protein. The protein is basic in nature primarily
because it contains a high concentration of lysine residues. The isoelectric point
of horse cytochrome C is 10.2 and at pH 8.6 the protein carries a net positive charge.
Thus cytochrome C, unlike most proteins, migrates to the negative electrode during
electrophoresis at pH 8.6.

Hemoglobin - Hemoglobin contains an iron comtaining heme group and
the iron is involved in oxygen binding. Hemoglobin is involved in the transport of
oxygen in blood. The isoelectric point of hemoglobin from rabbitis 7.2. Thus, this
protein should move toward the positive electrode during the electrophoretic
separation.

Serum Albumin - Serum albumin is the major protein found in blood
plasma. This protein binds and transports a large number of smatler molecules in
blood. Unlike the proteins described above, albumin is not paturally colored.
However, the tracking dye bromophenol blue has been added to your serum albumin
sample and some of this dye will bind and remain bound to the albumin during the
electrophoretic run, tumning the albumin band blue. The remainder of the bromo-
phenot blue will migrate faster than albumin and when this free dye has migrated
to the positive clectrode end of the gel, the electrophoretic separation is complete.
Serum albumin is a relatively acidic protein and has the lowest isoelectric point of
the proteins that will be used in this exercise. Thus, this protein possesses a very
negative net charge at pH 8.6, and will migrate faster than the other three proteins
described above.

Horse Radish Peroxidase (HRP) - Horse radishes are a rich source of
peroxidase and in this laboratory you will use two different preparations as
standards. The first preparation (HRP-Basic) contains a single basic peroxidase
isoenzyme which will migrate to the negative (black) electrode during electro-
phoresis. The second preparation (HRP-Mixture) contains three peroxidase isoen-
zymes: one basic and two acidic.
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Lectins are used extensively in the cell biology laboratory 10 localize,
characterize, and isolate specific membrane glycoproteins. Inthisexercise, you will
localize the receptors for a lectin from the Jackbean called concanavalin A (Con A).
Tn order to localize the Con A receptor in cells, amethod is needed to visualize Con
A by microscopy. One common approach to detect Con A by microscopy is to
couple the lectin to a fluorescent dye and then visualize it after cell binding by
fluorescence microscopy. An alternative approach is to couple Con A to horse
radish peroxidase (HRP) which catalyzes a color producing reaction and this
approach will be used in today’s experiment.

The procedure that you will use consists of the following basic steps:
1. Cheek epithelial cells are fixed in ethyl alcohol.

2. The cells are incubated with a Con A-peroxidase complex under conditions
which favor binding of Con A to its receptor.

3. The cells are incubated with substrates of peroxidase (H,0, and chloronapthol)
where the bound enzyme converts the chloronapthol to an insoluble purple
product as shown below.

Chloronapthol Peroxidase # Chloronapthol
Soluble Insoluble
Colorless Purple
Substrate Prod

H,0, HO +0, o0

4. The subcellular site of the purple product is visualized by microscopy.

Objectives In this two-part exercise, you will study the receptor for Con A. InPart
A, you will use Con A-peroxidase 1o determine the location of the Con A receptor
incheek epithelial cells. InPart B, you will study the agglutination of red blood cells
induced by Con A, The experiments in both parts will be performed in the presence
of various sugars in order 1o identify the sugar residues on the Con A receptors that
are involved in Con A binding.

Laboratory Schedule
Each part of this exercise requires about 90 minutes to complete . The two

parts can be performed in the same or in different laboratory sessions. Sufficient
materials are provided for 8 groups of students to perform the experiments.
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B. PEROXIDASE ISOENZYMES

The enzyme that you will study in today's laboratory is called peroxidase.
Peroxidase catalyzes the oxidation of phenolic compounds at the expense of
hydrogen peroxide (H,0,). Although hundreds of papers have been published on
peroxidase, the precise functions of the enzyme are uncertain. In piant systems,
peroxidase is likely 1o play arole in synthesis of the planicell wall. Here, theenzyme
cross links phenolic residues of cell wall polysaccharides and glycoproteins which
serve to strengthen the cell wall components. Peroxidase can also kill microorgan-
isms and destroy chemicals that are toxic to both plant and animal cells including
H,0,, phenols, and alcohol. For these reasons, it has been proposed that peroxidase
protects cells from microorganisms and toxic chemicals.

Isoenzymes are different molecular forms of the same enzyme and
different peroxidase isoenzymes are found in different tissues of the com seedling.
Peroxidase isoenzymes have different net charges and thus move differently in an
eleciric field. Some forms of peroxidase are basic proteins and these forms will
migrate 10 the negative (black) electrode during electrophoresis. In contrast,
peroxidase isoenzymes which are acidic proteins migrate toward the positive (red)
electrode during an electrophoretic run.

In this exercise you will prepare protein extracts from roots and shoots of
com seedlings and then electrophorese the extracts along with protein standards
(see below) on agarose gels. The extracts contain hundreds of colorless proteins in
addition to peroxidase. In order to identify the peroxidase isoenzymes, you will
selectively stain the gels after electrophoresis for peroxidase activity.

Each of the peroxidase isoenzymes can catalyze the following reaction:

Peroxidase
Chl(s);?‘::’alfthol Chloronapthol
Solutle Insoluble
Substrate H.O Produzl
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4, Using the flaitened end of a clean toothpick, gendy but firmly scrape the
lining of the inside of your cheek to remove a few epithelial cells. Smear
the cheek cells on the top surface of slide #1 over the 1cm circle and allow

the preparation to dry.
5. Repeat Step 4 three times to prepare slides #2 - #4.

6. To fix the cells, place 1-2 drops of ethyl alcohot on the cells on the top
surface of the slides and allow the slides to dry in air for a few minutes.

7. Repeat Siep 6 one time. The fixation makes cells permeable to macro-
molecules and causes them to adhere to the surface of the slide so they will
not be washed away during subsequent steps.

8. Rinse each slide with about2ml of Con A-buffer and stand them onend 10
remove excess moisture. To rinse the slide, hold the slide on the frosted
edge at a 90° angle over an empty beaker with your left thumb and index
finger. Draw about 1ml of buffer into a transfer pipet, slowly expel the
buffer onto the top of the slide near your thumb, and permit the buffer to
flow down the slide over the cells, and into the beaker. Repeat this process
one time.

H. The Reaction
1. Obtain four microtubes (0.5ml or 1.5ml) and iabel them #1 - #4 with a
waterproof marking pen.
2. Using a microliter dispenser, add the following to the wbes.

Tube # Con A-buffer Con A-Peroxidase  Galactose Mannose

1 354l 0 0 0
2 10l 25 ul 0 0
3 0 25 i 10 pl 0
4 0 25 ul 0 10 ul

3. Mix the solutions by tapping the tubes with the tip of your index finger.

4, Place the slides on the laboratory bench, fop surface up, and dispense 15
i of the solution in tube #1 onto slide #1, 154l of the solution in tube #2
onto slide #2, 15 i of the solution in tube #3 onto slide #3, and 15 pl of
the solution in mbe #4 onto slide #4.

5. After 10 minules, repeai Step 4.
83



101

3y 1001 € YHia 19 jruuapids ve 5121031 2y) ur uMoys 199 PABNLIIIJIP
a1 “Apansodsan ‘vonesniew pue uoneduo|a Jo SIU0Z 3yl U1 SITNHUADJIP UXY pue
SaIIU0§D SgI22 114 TNep 91) JO U0 PUR JUOZ IMEWNSLIIW DY) Ul SIPIAIP || & '35
[1221dA) € U] "SOUOZ 1005 DYT UL INI0 1Y) [IA] JEJIII I 1€ STUIA2 SAIEASNY|L joued
wonoq ay I 1003 Junok € Jouonos [euipnuduof  jo wesdeipesmoys poucd dovay )

18l )

. 100Y
R o SN (AN ¢

> 3 3 = Py

UONEINIE JO auJ uoneduolg Jo U0z  AUOZ JNTWASLIW

100y Buno ) jend£ ] € JO SIU0Z “T-p 2an3i g

*K1oyezoqe] s, Aepo) Ul patensni[l aq [[IM sup pue
J00US puE 1001 Ul PUNO]J T8 SWHIOJ JWAZUD TUIIIYIP ‘UONIPPE U] *SoWAZUD Te[n||ad
Awew Jo S[9A9] 31 Ul pue uonendsal se yons sassaooad [exSojorsAyd ur saueyo
os[e aIe Q1oL ‘oweyos juswidojasap sup Suung Cjlem (192 yuerd ot Jo JUAUOD
SO[N[[22 UY SOOI U ST 913U 001 A} JO 9FE] SYI PIBMO]) JUOZ IPUIASLIAUL )
woxy spaanoid auo se ‘ajdurexa 10, *J00YS PUR 1001 ) UL ANENUIIAIP U pue ared
-0 s|jeo tueld paunioj A|Mau se Inado SaFueyd [EIIUIAYD0Iq SNOJAUMN

spponred (108 usomIaq presmioj saysnd
1001 91} SB WASLIAUI 31} §109101d YOrgMm S[[22 JO SSEUr II[-pooy € Jo Bunsisuoo ‘des
1001 € AQ PAI9ACO ST SUOZ IBUISISHUL A, "ULLINIOO0 ST UCTIEAUIISYIP [[93 1oy
UOTEINEUI JO QUOZ ) WI01] Aeme Suraow A[snonunuoo st JUOZ JNEWSISLIW 31}
Apuoanbasuos pue ‘uone3uofa Jo JUOZ ) U1 Apureund 51930 1001 90 JO WISUS] UL
ymoIn) “sfjed [eunrapido jo suotsnnoxd SUoj JO ISISUOD YOI SITEY 1003 JO aouasaxd
ap £q poyNUSPI oG UEd JUOZ ST ‘A[fRWINXY “(SIUdUId[d guif1ren pooj) woaoyd
pue (syeo Surdires 13jem) WolAX Yy urureiuod JapurA> IR[NISEA [2NU3D )
pue X910 o) ‘sturisptda 10 19Ke] 3uL12A00 211 FUIPN|OUTI001 Y} JO SINSSTHUAIILNP
JO UOHEULIO] 9y} 0} SPE3| ‘UONRNUAIIP [[20 P3[R ‘ssaooad smyy, -suomouny
pue sarmonas paziferaads dojeasp 0y urdaq sf[3o pareduo(s o1)) ArPyYA ‘uonRINIEW
JO suoz 9y} OJuL $333oW UONEFUOID JO JUOZ YL A0 wizjoxd pue YSrom
A1p 1120 u1 saseatout ogef Aq parredwodse st pue IM0I3 [[90 91 SOAJOAUI §53001d
uoneSuope oY], "SIMoo0 uone3uo[d [[20 AIYM UONEFUOd JO JUOZ 3 Juuaua
10110 2y) PUE 2UOZ S U] SUTUTEUIAI 1)YSnep UO YIIm JURISU0D A[JANE[AI SUTEWSL
3U0Z JLEUISISLIW O1y) UI S[[30 JO 1oquInu oYY, -9[0£d [[29 oy} Jo saders snotrea
up a1e pue ‘se[jauedIo [[33 s paxoed Ajasuop ore ‘WS o4y JO uo1SaI oneWSLIaW

¥8

-SUIpUIq Y UO)) Ul pIAJOAUT 3T¢ Jetj) J01da901 7 10 AU JO Sanpisaz JeSns A AJnuapr
0] JOPI0 UI S[J30 PA1 UBTINY YIIAM UONOEAI Boneunn(3de paonpul-y uo) e uuolad
[ no£ quauradxa sty uf “sdiun]s U0y 0} 19Ypago) YONS 01 ST[30 A SISNED Yorym
$[192 Sulurejnos-10)ds0a1 UMISG SITPLIG WLIOJ [[IM SUNOI[ YNSATE Sy "UONIRINUI
301dasal Joj says SuIpulq SI0WI IO OM] SUEIUOD J[NI[OW URd3| AFuIs ¥

uoporay uonsunnSiewdy paonpul-y uo) AJ, g Med

¥
£
[
[
uonnqLAsI(y
mnpaqng Ansuauy
1010 s1ding #9PUS

‘sapijs oK uo 10[0o 3[dmnd
a[) JO UONNQLOSIP JRA[[95qNS pue ANSUUL S PIODAL ‘MO[3q 3[qel I U]

sisdfeny weq

*30102 o1dind oy Jo UONNQIASIP JEN[|IANS Y} SAIISGO 0} UOISISUILI
[1o Japun usy) pue 2Andafqo ramod Mof SU) i IPI[S YIS UMUEXY G

-MO[3q 2}qe) 9y} Ul SINsal Mok pIosal pue 10jod d[dnd
JO Kysuour oy} 10§ SPYS YIed Supwexd ‘siskfeue didolsolond o) okg Y

*QITSIOW
SS30X3 SAOWIAL 0} PUS UO SIPI[S Y} puws pue ‘[amo) soaded e (uim sopis
a1 JO 20BLINS WONOQ ) AIP “INEM (IM SIPYS ) ISULL ‘SANUNL Q] 1YY ¢

“SOPI|S A} UO
uonnjos arensqns a) Jo sdosp feuonippe aoefd ‘sAINUI € 39)Jy “IPIS YLD
O S[[99 ) CJUO UOHN[OS 1eNsqng aseprxossd paredaid Ajysay jo sdoxp
#-¢ 2oerd pue ‘dn apis pajsoy) ‘gouaq Aiojeloqe] ) uo sapys sy uonised T

“[199 ferpoynda ) 0) punoq 10u s1 e aseprxorad-y
U0 A0 [[T4 d2S ST T, “AIRISTOUI SSIOXI UTRIP 0 )NUTW | }n0qe JoJ pus
UO SIPI|S 2} PUE)S ‘Gsem 158 S 1YY I9FING-Y U0 Ysay Jo [IS moqe
M SpIfs Yous asull ‘g-] dalg U1 paquosap ampasoxd Jurysem o dwisn T

sisA[euy ordooasooty pue yusuidojeaad 10100 III



Experiment 4(804) Peroxidase Isoenzymes in Corn
Background Information
A. PLANT DEVELOPMENT

The seeds of flowering plants are typically resistant structures in which
embryonic plants are enclosed. The structures in a mature com seed and com
seedling are shown in Figure 4-1. The mature corn embryo has single cotyledon,
or seed leaf, which is made up of a food-adsorbing portion and the coleoptile which
forms a protective cap over the shoot. Below the cotyledon is the apex of the
embryonic shoot. The basal end of embryo, the radicle, develops into the primary
root when the seed germinates. The embryo isembedded in the cellular endosperm,
the cells of which are rich in stored protein and especially starch,

Figure 4-1. The Corn Seed and Seedling.

Mature seeds have a low water content and the cells of the embryo are
biochemically dormant The cells can be activated in seeds by environmental
factors, especially an increase in the moisture content of the atmosphere. This
activation is called germination which begins by the uptake of water (imbibition
phase) and culminates in the protrusion of the embryonic root from the seed. Incomn,
germination requires 24-48 hours under ideal conditions.

Different tissues of a seedling arise by a process in which cell division is
followed by cell growth and elongation and finally, by cell differentiation, The roots
from seedlings have served as model! systems for the swdy of these important
processes. Several regions of the young root may be recognized by microscopy as
shown in Figure 4-2. Cell division occurs near the tip (apex) of the root in a
specialized tissuve called a merisiem. The cells in this region, like those in the
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Materials Provided

*Con A-buffer

Con A dissolved in Con A-bulfer

Mannose (1M) - Dissolved in Con A-buffer
Galactose (1M) - Dissolved in Con A-buffer

*Prepared as described in the instructor manual
Materials Not Provided

Microtubes (0.5ml or 1.5ml)
Microscope slides, coverslips
Microliter dispensers

Blood donor*

Sterile finger lancets

70% alcohol

Sterile cotton

I. Preparation of the Erythroycte Suspension
For this experiment, one student in the class or the instructor must donate 2
drops of blood.* The donor should:
1. Place 2ml of Con A-buffer into a test tube.

2. Disinfect his/her finger with alcohol, allow it to dry, and puncture it with
a sterile finger lancet.

3. Allow 2 full drops of blood to fall into the tube.

4, Shake this tube gently and dispense about 0.2ml of the erythrocyte
suspension into 8 small tubes. One tube wilt be used by each of the 8 groups
of students.

II. The Hemoagglutination Reaction

1. One member from each of the 8 groups should obtain 4 smatl wbes and
label them #1 - #4 with a marking pen.

2. Usingamicroliter dispenser, add the following to the tubes. Be sure lomix
the erythrocyte suspension immediately before addition.

* Alternatively, each student can donate his/her own blood or 2 drops of
blood can be obtained from a rabbit, rat, or mouse.
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N - N Study Questions
Diagrams of Tissue Prints 7Q

1. One of the simple sugars (galactose or mannose) used in this exercise should
have inhibited Con A-peroxidase binding to cheek epithelial cells and the Con
A-induced hemoagglutination reaction. Name this sugar and describe the
mechanism by which it inhibits these effects.

2. Describe the mechanism responsible for the Con-A induced hemoaggluti-
nating reaction.

3, Most membrane proteins including the Con-A receptor can be solubilized by
treating cell membranes with a non-ionic detergent such as Triton X 100. You
are given such a soluble preparation of erythrocyte proteins. Describe asingle
procedure that could be used to isolate the Con A Receptor from this prepara-
tion.

Selected References

Barondes, S.H. Lectins: Their Muliiple Endogenous Cellular Factors, Ann, Rev,
Bicchem, 50:207-231, 1981.

Zick, Y. The Insulin Receptor: Structure and Function, Critical Reviews in
7. Record, in the Table below, the relative intensities of the blue color Biochemistry and Molecular Biology, Vol 24, pp 217-269, 1989.
produced by the Spl samples of the four peroxidase standards and by the
two samples of vegetable extracts.

Relative Blue Color
use 4++ = dark blue
use ++ = medium blue
use + = light blue
use O =nocolor
Peroxidase Standard

#1 (0.01pg/mi)

#2 (0.1pg/mb

#3 (1pg/ml)

#4 {10pg/ml)

Vegetable Extract 1
10% Extract
100% Extract

Vegetable Extract 11
10% Extract
100% Extract
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Figure 5. Arrangement of Tissue Prints on the Nitrocellulose

Membrane.
lcm |

NN

@
@

Peroxidase StandardsT

Vegetable Extracts

5. Pipet 5ul of each of the four peroxidase standards (#1-4) onto the
nitrocetlulose about 1/2cm from the ruler. The standards should be
carefully pipetted onto the membranes to form individual spots at 1cm,
2cm, 3cm, and 4cm along the edge of the membrane as indicated in Figure
5.

6.  Rinse the pipet with water and then pipet Sul of “"10% Extract -I" and
Spl of "100% Extract - I" onto the membrane to form individual spots at
1cm from the edge of the membrane as indicated in Figure 3.

7. Reapeat Step 6 using "10% Extracts - II" and "100% Extract -1I"
8. Allow about 5 minutes for the solutions to be absorbed onto the mem-

branes. During this time, label " Vegetable Extract 100% I and 1"
with your initials and place the twe tubes in the freezer. These extracts
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IND-2. TISSUE PRINTING
Background Information
A. BASIC ANATOMY OF COMMON VEGETABLES

The edible portions of plants are usually divided into fruits and vegetables.
Fruits are formed from a matured ovary or from an ovary and associated parts.
Examples of fruits include apples, pears, tomatoes, and com. Any edible partofa
plant that is not a fruit is generally called a vegetable. Vegetables can be roots (e.g.
carrots, parsnips), normal siems (e.g. asparagus), storage stems or tubers (eg.
potatoes), leaf stalks or petioles (e.g. celery), leaves (e.g. cabbage, lettuce}, bulbs
(e.g. onions), buds (e.g. brussels sprouts), and flowers (e.g. artichckes). Thus, a
basic understanding of plant anatomy and taxonomy is needed for an understanding
of the structure of vegetables.

Flowering plants can be subdivided into two groups, the monocotyledons
and the dicotyledons. In monocotyledons, the embryo and seedling have one seed
leaf or cotyledon. Plants in the lily, palm, grass, and orchid families are examples
of monocotyledons. Two seed leaves are found in dicotyledons and this group
includes carrots, potatoes, roses, oak trees, and most other herbs and woody plants.
Monocotyledons and dicotyledons also differ in the structure of their stems, roots,
and leaves and some of these differences are described below,

1. Development and Growth of Plants.

Different tissues of a plant arise by a process in which cell division is
followed by cetl growth and elongation and finalty, by cell differentiation, Theroots
from seedlings or young bulbs have served as model systems for the study of these
important processes. Several regions of the young root may be recognized by
microscopy as shown in Figure 1. Cell division occurs near the tip (apex) of the root
in a specialized tissve called meristem. The cells in this region, like those in the
apical meristematic region of the stem, are in various stages of the cell cycle. The
number of cells in the meristematic zone remains relatively constant, with one
daughter remaining in the zone and the other entering the zone of elongation where
cell elongation occurs. The elongation process involves true cell growth and is
accompanied by large increases in cell dry weight and protein content. The zone of
elongation merges into the zone of maturation, where the elongated cells begin to
develop specialized structures and functions. This process, called cell differentia-
tion, leads to the formation of different tissues of the root including (1) the covering
layer or epidermis which protects the soft interior of the root and which absorbs
water and dissolved minerals from the soil, (2) the cortex which is chiefly a water
and food storage region, and (3) the central vascular cylinder containing the xylem
and phloem which serve to conduct water and nutrients through the plant. The
xylem forms a continuous system of non living water transport vessels. Water and

© 1992 by John N. Anderson 89
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Objective

To determine the location of peroxidase in selected vegetables by tissue printing and
to determine the amount of peroxidase in vegetable cell-free extracts.

Materials Provided

*Peroxidase Standards - The standards contain peroxidase isolated from horse
radish. The concentration of peroxidase in the four standards is given below.

Standard Concentration of
Number Horse Radish Peroxidase
(g peroxidase per ml)
1 0.01
2 0.1
3 1
4 10

*Extraction Buffer - The buffer (2mM MgCl,, 20mM NaCl, 0.01%NP-40, 10mM

Tris, pH 8.0) will be used to prepare the vegetable extracts.

*Color Development Solution - Prepared immediately before use by adding Sm1 of
chloronapthol, 0.7ml of hydrogen peroxide, and 0.7ml of 4M Tris buffer to
150m of distilled water.

*Protein “Blot” Stain - Ponceau S

Nitrocellulose (8 sheets)
Transfer Pipets (10)

*Prepared as described in the Instruction Guide.
Materials Needed but not Provided

For Tissue Printing:
Distilled or deionized water
Forceps or gloves for handling the nitrocellulose
Petri dishes
Razor blades
Metric rulers (8)
Paper towels
Hand lens (optional)
Assorted vegetables - Carrots, parsnips, asparagus, and celery are among
suitable vegetables for the exercise.

For Preparation and Analysis of Peroxidase in Vegetable Extracts:
~ One gram pieces of selected vegetables - These may be prepared prior to the
laboratory session.
Balance
Scissors (8)
Mortars and pestles (8)
Table-top centrifuge and centrifuge tubes (8)
Microliter dispensers (8)
Small (~1.5ml) tubes (16)
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2. Structure of Roots and Stems.

There are three major tissue systems in plants: vascular ¢lements,
epidermal elements, and packing elements like the parenchyma cells in the root
cortex. However, the arrangements of these tissue systems vary in roots, stems, and
leaves. In addition, the arrangement is often different in monocotyledons and
dicotyledons, and frequently it varies according to the state of the tissue's maturity.
Figure 2 shows diagrams of roots from a monocotyledon (monocot) and from a
young and mature dicotyledon (dicot). The root from the mature dicot shows
secondary xylem and phloem development as is seen in a common carrot. Figure
3 shows diagrams of stems from a menocot and from a young and mature dicot.

Figure 2. Root Structure

MONOCOT ROOT YOUNG DICOT ROOT

Primary
‘(}’ ‘ Phloem

Primary
Xylem

Vascular
Cylinder
MATURE DICOT ROOT
SHOWING SECONDARY GROWTH
Primary Phloem
Secondary Phloem
Cambium

Secondary Xylem ———

Primary Xylem

9



£6

(4 (4 (A4
Pnpoid O+ O'H O'H ARNensqng
apdmy SS3LI0[0D
qnosu| d|qnios
[oydevaiory) | SSepIX0I9g joydeuosory)

uondeY Judwdofdaa( 10j0) Y], *p 3Indiy

JWAZuD 24 Jo s ay1 18 pansodap ST YoM
100poid apdnd ajqnposur ue 01 jorpdeuciopo oY) spaAu0D sseprxorad L, ‘aprxoxad
u3303pAy pue [0t1deUOIOND MM PABGRIUT 9 [LA IULIGUSIW FSO[N[IICHIUN ], ¢
N1 Ul UMOYS UOTIDRAI A} AG URIGUIAW ) UG PAIINAP aq Uy s aseprxosad
AWAZUI Y, "OUBIGWIILI ISO[N[[220ITU S} UO POWLIDS 4 [[I sutajoxd onssn aip Jo
nuudwi vy -smssaud spuad yo uonesndde £q oUeIqUIOUI ASOINIIO0NIU B 0) SUOTIINE
20ss1 10 3y) WOy surdosd 3y JIJSURN pue 2pe[q JOZRI B 1M SI[GRINEA UONIRS
[t 00 X “sonssn juepd pue [BuTwe Ul SIMOOLW PO J[A[ONU PUe ‘Suadnue ‘SWAZu
ay1ds 9z1[eso] 01 pasn 3 ued onbruysas syy -Sunuud onssn poyped enbiu
-y} e Aq sa|qerafoa w asepixasad ozipeao] s nod ‘Arojeloqge[ sIy) uf

*S[RIDWAYD J1X0] puk SWSTURFIc0IdW WOIJ 5[99 §109)01d
aseprrorad yey pasodosd usaq sey I ‘SuoseRI 359 10, “[oyoore pue ‘sjouayd “0'H
Surpniout s{120 [ewiue pue wejd gioq 03 21X01 AT TRy} SEIWIYI A0NSIP Pue SWSI
-Ue 310001 [ OSTE UBD 9SBPIX0Iad "SHauodiiod [ea [[20 o) uoy1SuUans 01 $9AIS
oy surnoxdooA[d pue saprreyooesjod [fem Jieo Jo senpisal orfouayd syur sso1)
awiAzua oyl ‘a1 “[rem a0 1uerd 2w Jo sisaypuks ur ofos e Aejd 03 Ajoqi| stoseprxorad
‘swasAs yuerd v -urenasun ore awAzuo Ay Jo suonouny as1oaxd oy *oseprxorad
uo paystiqnd u2oq saey ssaded jo sporpuny ySnoypy (Co’H) oprxosed usSorpiy
Jo 2suadxs o 18 spunodwod orjoudyd Jo uoneprxo o sazARIED ASEPIXOIS]
"aseprx01d poyiea s1 Kxoesoqey s, Aepo) ur Apms 1is 1oL 1ex) dwizud oy |,

ONLLNIEd 3NSSIL A9 3SVAIX0Ydd 40 NOLLOALAd 9

76

wniquses) u]Ay A

WIAY Arepucodg

WO Arepuooeg
wso[yq Arewsig

HLMOYED AYVANODIS DNIMOHS
WHLS LODIA FANLVIN

SHUAURF URONYJ pue
Ay Arewny yim
S[pung JE[NOSEA

wmiquie)

SHTANNY dVTINISVA SHTANNE AV INOSVA O
JO INFWIDNV ALY AV INIAID NOLLNEIYLSId QRFLLVOS
ONIMOHS WHLS LOOIKI DNNOA DONIMOHS WHLS LOOONOW

AINPNIS WI)S ¢ 2ANB1 g




