CELL
BIOLOGY

A LABORATORY HANDBOOK

Edited by
JULIO E. CELIS

Danish Centre for Human Genome Research
Aarhus, Denmark

VOLUME 1




CONTENTS OF VOLUME 1

D © ¢

D @ ¢

Deryk T. Loo and Carl W. Cotman

Contents of Other Volumes XV
Contributors to Volume 1 XXV
Preface XXXV
PART 1
TISSUE CULTURE AND ASSOCIATED TECHNIQUES
Section A
General Techniques 3
General Procedures for Tissue Culture 5
Ariana Celis and Julio E. Celis
Development of Serum-Free Media and Methods
for Optimization of Nutrient Composition 18
David W. Jayme and Dale F. Gruber
Testing Cell Cultures for Microbial and Viral Contaminants 25
Robert J. Hay
Section B
Primary Cultures from Embryonic Tissues 43
Primary and Extended Culture of Embryonic Mouse Cells:
Establishment of a Novel Cell Culture Model of Apoptosis
and Neural Differentiation 45




Tissue Culture of Embryonic Stem Cells
Martin Evans

Isolation and Culture of Germ Cells from the Mouse Embryo
Massimo De Felici

Section C
Cultures of Specific Cell Types

Epithelial Cells

Cultivation of Human Epidermal Keratinocytes with a 3T3
Feeder Layer
Fiona M. Watt

Growth of Human Keratinocytes in Serum-Free Medium
Jobn P. Daley and Jean M. Donovan

Isolation of Hepatocytes
Per O. Seglen

Isolation and Culture of Oval Cells from
Carcinogen-Treated Rats
Pablo Steinberg

In Vitro Culture of Mouse Fetal Choroid Plexus Epithelial Cells

Elizabeth Stadler, Tim Thomas, and Marie Dziadek

Isolation and Culture of Type Il Puimonary Epithelial Cells
Stephen R. Rannels and D. Eugene Rannels

Mesenchymal Cells

Maintenance of Human Diploid Fibroblast-like Cells in Culture
Robert T. Dell’Orco

Isolation of Osteoclasts and Osteoclast Plasma Membranes

Miep Helfrich, Takuya Sato, Ken-ichi Tezuka, Masayoshi Kumegawa,
Stephen Nesbitt, Michael Horton, and Patricia Collin-Osdoby

Culturing of Human Umbilical Vein and Dermal
Microvascular Endothelial Cells
Eybfinnur Olsen

54

68

83

90

96

103

109

116

124

128

142

vi

Contents of Volume 1

2



Neuroectodermal Cells

Isolation and Proliferation of Adult Mammalian Central

Nervous System Stem Cells 148
Brent A. Reynolds, Catherine Leonard, and Samuel Weiss
Hemopoietic Cells
Clonal Cultures in Vitro for Hemopoietic Cells Using Semisolid
Agar Medium 153
Gregory R. Jobnson
Gonads
Properties of Isolated Sertoli Cells 159
Pierre S. Tung and Irving B. Fritz
Culture of Ovarian Granulosa Cells: Calcium Imaging
at the Single-Cell Level 170
Jorge A. Flores and Johannes D. Veldbuis
Section D
Cell Separation Techniques 177
Isolation of Peripheral Blood Mononuclear Cells and
Identification of Human Lymphocyte Subpopulations
by Multiparameter Flow Cytometry 179
Marianne Hokland, Hanne Jorgensen, and Peter Hokland
Purification of Functionally Active Epidermal Langerhans Cells
Using Immunomagnetic Beads 185
Jenny Morris and Anthony Chu
Section E
Model Systems to Study Differentiation 191
Nonterminal and Terminal Adipocyte Differentiation of
Murine 3T3 T Mesenchymal Stem Cells 193
Hanlin Wang, Dawn B. Sturtevant, and Robert E. Scott
Cell Systems for ex Vivo Studies of Myogenesis: A Protocol for
the Isolation of Stable Muscle Cell Populations from Newborn
to Adult Mice 199
Christian Pinset and Didier Montarras

Contents of Volume 1 vii



Induction of Cell Differentiation in Human HL-60
Promyelocytic Leukemia Cells: Quantitation of a Myeloid
Specific Antigen, MRP-8/MRP-14 Protein Complex

Shinichi Murao, Mamoru Nakanishi, Seiya Matsumoto, Norifumi Ueda,
and Eliezer Huberman

Differentiation of Murine Erythroleukemia Cells (Friend Cells)
Victoria M. Richon, Richard A. Rifkind, and Paul A. Marks

Cultured PC12 Cells: A Model for Neuronal Function and
Differentiation
Kenneth K. Teng and Lloyd A. Greene

Growing Madin-Darby Canine Kidney Cells for Studying
Epithelial Cell Biology
Kai Simons and Hilkka Virta

In Vitro Studies of Epithelium-to-Mesenchyme Transitions
Ana Maria Vallés, Jean Paul Thiery, and Brigitte Boyer

Section F
Immortalization of Cells

Inducible Immortalization of Cells from Transgenic Mice
Expressing Simian Virus 40 under /lac Operon Control
Ruth Epstein-Baak

Immortalization of Rat Ventral Prostate Epithelial Cells Using
Simian Virus 40 T Antigen
Debra A. Gordon and Roger L. Miesfeld

Section G
Cell Cycle Analysis

Cell Cycle Analysis by Flow Cytometry
Zbigniew Darzynkiewicz

. Preparation of Synchronous Populations of Mammalian Cells
in Specific Phases of the Cell Cycle by Centrifugal Elutriation

R. Curtis Bird, Shiawhwa Su, and Gin Wu

Synchronization of Normal Diploid and Transformed
Mammalian Cells

Gary S. Stein, Janet L. Stein, Jane B. Lian, Thomas ]. Last, Thomas Owen,
and Laura McCabe

207

213

218

225

232

243

245

251

259

261

272

282

Contents of Volume 1



Synchronization of Transformed Human Amnion Cells by

Mitotic Detachment 288
Julio E. Celis and Peder Madsen
Stimulation of DNA Synthesis in Quiescent 3T3 Cells 294
Theresa Higgins and Enrique Rozengurt
Section H
Cytotoxic Assays 303
Quantitative Determination of Compound Cytotoxicity
in Proliferating Cells: Monitoring DNA Synthesis by
[*H]Thymidine Incorporation 305
Kathy May
Section |
Senescence, Programmed Cell Death, and Others 311
Serial Propagation of Human Fibroblasts for the Study of
Aging at the Cellular Level 313
Vincent ]. Cristofalo, Roberta Charpentier, and Paul D. Phillips
Morphological Criteria for Identifying Apoptosis 319
Jobn F. R. Kerr, Clay M. Winterford, and Brian V. Harmon ’
Use of the Terminal Transferase DNA Labeling Reaction for
the Biochemical and in Situ Analysis of Apoptosis 330
Jonathan L. Tilly
Growth and Induction of Metastasis of Mammary
Epithelial Cells 338
Barry R. Davies and Philip S. Rudland
Measurement of Cell-Cell and Cell-Extracellular Matrix
Interactions: A Quantitative Cell Attachment Assay 345
Thomas E. Lallier
Section J
Electrophysiological Methods 353
Patch-Clamp Recording 355
James L. Rae and Richard A. Levis

Contents of Volume 1 ix



Section K
Histocultures

Three-Dimensional Sponge-Gel Matrix Histoculture: Methods
and Applications
Robert M. Hoffman

Section L
Other Cell Types

Anthropoda

Primary Culture of Drosophila Embryo Cells
Paul M. Salvaterra and Izumi Hayashi

Caenorhabditis elegans

Laboratory Cultivation of Caenorhabditis elegans and Other
Free-Living Nematodes
Ian M. Caldicott, Pamela L. Larsen, and Donald L. Riddle

Protozoa

Cultivation of Tetrahymena Cells
Yoshio Watanabe, Osamu Numata, Yasuhiro Kurasawa, and Mariko Katoh

Acanthamoeba castellanii: A Model System for Correlative
Biochemical and Cell Biological Studies
Ivan C. Baines and Edward D. Korn

Fungi

Cell Biological, Molecular Genetic, and Biochemical Methods
to Examine Dictyostelium

Sandra K. O. Mann, Peter N. Devreotes, Susannab Eliott, Keith Jermyn,
Adam Kuspa, Marcus Fechheimer, Ruth Furukawa, Carole A. Parent,
Jeffrey Segall, Gad Shaulsky, Philip H. Vardy, Jeffrey Williams,

Keith L. Williams, and Richard A. Firtel

Large-Scale Culture of Physarum: A Simple Method for
Growing Several Hundred Grams of Plasmodia
Kazubiro Kobama, Ryoki Ishikawa, and Mitsuo Ishigami

Plants

Induction of Regeneration-Competent Monocot Callus
Roberta H. Smith and Shyamala Bhaskaran

365

367

381

383

389

398

405

412

452

456

Contents of Volume 1



Isolation, Culture, and Plant Regeneration from Protoplasts 462
German Spangenberg and Ingo Potrykus

PART 2
VIRUSES

Propagation and Purification of Polyoma and Simian Virus 40 471
Roland Sabli and Peter Beard

Construction and Propagation of Human Adenovirus Vectors 479
Mary Hitt, Andrew ]. Bett, Ludvik Prevec, and Frank L. Graham

Tissue Culture Techniques for the Study of Human
Papillomaviruses in Stratified Epithelia 491
Craig Meyers, Mark G. Frattini, and Laimonis A. Laimins

Growth and Purification of Murine Leukemia Virus 500
Jette Lovmand, Anders H. Lund, and Finn Skou Pedersen

(‘L PART 3
ORGANELLES, CELLULAR STRUCTURES,
MACROMOLECULES, AND FUNCTIONAL ASSAYS

Purification of Rat Liver Golgi Stacks 509

Paul Slusarewicz, Norman Hui, and Grabam Warren

Preparation and Purification of Post-Golgi Transport Vesicles
from Perforated Madin-Darby Canine Kidney Cells 517
Lukas A. Huber and Kai Simons

Purification of Clathrin-Coated Vesicles from Bovine Brain,
Liver, and Adrenal Gland 525
Robert Lindner

Functional Identification of Membranes Derived from the
Rough Endoplasmic Reticulum of Yeast 531
Christopher M. Sanderson and David 1. Meyer

Contents of Volume 1 xi



Isolation of Yeast Mitochondria and Study of Mitochondrial
Protein Translation 538

Johannes M. Herrmann, Heike Folsch, Walter Neupert,
and Rosemary A. Stuart

Inclusion of Proteins into Isolated Mitochondrial Outer
Membrane Vesicles 545
Andreas Mayer, Arnold Driessen, Walter Neupert, and Roland Lill

Isolation of Peroxisomes 550
Alfred Vélkl and H. Dariush Fabimi

Purification of Secretory Granules from PC12 Cells 557
Jane C. Stinchcombe and Wieland B. Huttner

Preparation of Synaptic Vesicles from Mammalian Brain 567
Johannes W. Hell and Reinhard Jahn

Purification and Reconstitution of the Ca%*-ATPase of Red
Blood Cells 575
Paolo Gazzotti and Ernesto Carafoli

Isolation of Focal Adhesions from Cultured Cells 584
Markus Niederreiter and Mario Gimona

Isolation of Laminins from Tumor Sources and from
Normal Tissues 589
Mats Paulsson and Anders Lindblom

Isolation of Centrosomes from Cultured Animal Cells 595
Mobhammed Moudjou and Michel Bornens

Preparation of Yeast Spindle Pole Bodies 605
Michael P. Rout and Jobhn V. Kilmartin

Preparation of Nuclei and Nuclear Envelopes: Identification

of an Integral Membrane Protein Unique to the

Nuclear Envelope 613
Einar Hallberg

Preparation of Cytoplasts and Karyoplasts from Hela Cell
Monolayers 619
Julio E. Celis and Ariana Celis

Isolation and Visualization of the Nuclear Matrix, the
Nonchromatin Structure of the Nucleus 622
Jeffrey A. Nickerson, Gabriela Krockmalnic, and Sheldon Penman

Contents of Volume 1



Preparation of U Small Nuclear Ribonucleoprotein Particles
Sven-Erik Behrens, Berthold Kastner, and Reinbard Liibrmann

Rapid Preparation of hnRNP Core Proteins and Stepwise
Assembly of hnRNP Particles in Vitro
Mei Huang and Wallace M. LeStourgeon

Preparation of Ribosomes and Ribosomal Proteins from
Cultured Cells
Jean-Jacques Madjar

Preparation of Proteasomes
Keiji Tanaka and Akira Ichibara

Small-Scale Preparation of Nuclear Extracts from
Mammalian Cells
Kevin A. W. Lee, Kenn Zerivitz, and Géran Akusjirvi

Purification of DNA Using Guanidine Thiocyanate and
Isobutyl Alcohol Fractionation
James E. Nelson, Mohamed Khidhir, and Stephen A. Krawetz

Single-Step Method of Total RNA Isolation by Acid
Guanidine-Phenol Extraction
Piotr Chomczynski

628

641

657

662

668

674

680

Contents of Volume 1



Isolation of Yeast Mitochondria
and Study of Mitochondrial
Protein Translation

Johannes M. Herrmann, Heike Foélsch, \Walter Neupert,
and Rosemary A. Stuart

1. Introduction

The formation of mitochondria is a detailed process that involves the precise
cooperation of two separate genetic systems, one in the mitochondria the other in
the nucleus. Studies on the biogenesis of mitochondria address the synthesis and
translocation of these proteins across or into the mitochondrial membranes and
finally their assembly, often into multimeric subunit complexes. Unlike most organ-
isms, Saccharomyces cerevisiae can survive with defective respiratory chain and
oxidative phosphorylation because it can use fermentable carbon sources for enérgy
production. This ability to grow anaerobically, together with the ease of genetic
manipulation of this yeast, has enabled the identification of many mutants defective -
in aerobic growth. Such mutants have led to the identification and cloning of genes
that encode proteins essential for mitochondrial function (for reviews see Grivell,
1989; Tzagoloff and Dieckmann, 1990; Bolotin-Fukuhara and Grivell, 1992).

Approximately 5% of the mitochondrial proteins are encoded by the mitochon-
drial genome and here we describe how one can study the synthesis of these proteins
in isolated mitochondria. The vast majority of mitochondrial proteins, however, are
encoded by the cell nucleus and are synthesized in the cell cytosol as precursor
proteins. These precursors are imported into mitochondria in a posttranslational
manner. Our knowledge of mitochondrial protein import has increased over the
past years due to a number of detailed in vitro studies using mainly S. cerevisiae
and Neurospora crassa as model systems (for reviews, see Hartl and Neupert, 1990;
Baker and Schatz, 1991). These in vitro import systems employ radiolabeled precur-
sor proteins which have been cloned, transcribed iz vitro, and then translated in a
lysate (usually rabbit reticulocyte) in the presence of a radiolabeled amino acid (e.g.,
[3*S]methionine) and which are incubated with isolated mitochondria. Here we
describe a procedure for the growth of S. cerevisiae and subsequent isolation of
mitochondria that is an adaptation of an earlier protocol from Daum et al. (1982).
The resulting isolated mitochondria are suitable for use in both i organello transla-
tion studies, a protocol for which is outlined here (as previously described by McKee
and Poyton, 1984), and in vitro studies of import of the nuclear-encoded proteins,
which has been described in detail elsewhere (Wienhues et al., 1992; Glick, 1991).

Il. Materials and Instrumentation

Yeast extract (Cat. No. 0127-05-3) was purchased from Difco, agar (Cat. No.
1614), glucose monohydrate (Cat. No. 4074), KH,PO, (Cat. No. 4873), K,HPO,
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(Cat. No. 5104), NH,CI (Cat. No. 1145), CaCl,-2H,0 (Cat. No. 2382), NaCl
(Cat. No. 6404), KClI (Cat. No. 4936), MgSO,- 7H,O (Cat. No. 5886), FeCl;-4H,0
(Cat. No. 5886), lactate (Cat. No. 366), trishydroxymethylaminomethane (Tris,
Cat. No. 8382), sorbitol (Cat. No. 7758), sucrose (Cat. No. 7651), and EDTA
(Titriplex, Cat. No. 8418) were all obtained from Merck. Fatty acid-free BSA (Cat.
No. A-6003), PMSF (Cat. No. P-7626), Mops (Cat. No. M-1254), 8-mercaptoetha-
nol (Cat. No. 6250), LiDS (Cat. No. 4632), SDS (Cat. No. 20760), glycerol (Cat.
No. G-7757), and bromophenol blue (Cat. No. 15375) were purchased from Serva.
ATP (Cat. No. 635316), GTP (Cat. No. 414581), a-ketoglutarate (Cat. No.
127205), phosphoenolpyruvate (Cat. No. 182112), pyruvate kinase (Cat. No.
127418), and dithiothreitol (DTT, Cat. No. 708992) were all obtained from
Boehringer-Mannheim. [**S]Methionine (10 mCi/ml, 1142 Ci/mmole) was obtained
from ICN, acrylamide (Cat. No. 10675) and N,N’-methylenebisacrylamide (Cat.
No. 289195), N,N,N’,N’,-tetramethylenediamine (Cat. No. 35925) were obtained
from Serva, and ammonium persulfate (Cat. No. 1201) was obtained from Merck.
Zymolyase (20,000 U/g) was obtained from Seikagaku (Cat. No. 120491), and the
protein assay from Bio-Rad (Bio-Rad Protein Assay Kit I, Cat. No. 500-0001). S.
cerevisiae strain, D273-10B can be obtained from the American Tissue Culture
Collection (ATCC No. 24657).

Ill. Procedures
A. GROWTH OF Saccharomyces cerevisiae

Solutions

1. YPEG agar plates: To make 600 ml, solubilize 6 g yeast extract, 12 g
Bacto-peptone, and 12 g agar in distilled water, adjust the pH to 5 with
concentrated HCl, and bring to a final volume of 570 ml. Autoclave 20 min at
120°C. Prior to preparation of the agar plates mix 18 ml sterile 87% glycerol and
12 ml ethanol to the hot solution. Store the solid plates at 4°C.

2. Lactate medium: To make 1 liter, solubilize 3 g yeast extract, 1 g glucose
monohydrate, 1 g KH,PO,, 1 g NH,Cl, 0.5 g CaCl,-2H,0, 0.5 g NaCl, and 1.1
g MgSO,-7H,0 in =700 ml distilled water. Add 0.3 ml of a 1% FeCl; solution
and 22 ml 90% lactate. Adjust the pH to 5.5 with 10 M KOH and bring to a
total volume of 1 liter. Autoclave 20 min at 120°C. Store at room temperature.

Steps

1. Streak out the yeast strain D273-10B onto a YPEG agar plate and grow for
2-3 days at 30°C.

2. Inoculate 20 ml of lactate medium in a 100-ml Erlenmeyer flask with a loop
full of the culture. Grow overnight at 30°C and shaking at 120 rpm.

3. Use the overnight culture to inoculate fresh lactate medium (100 ml in an
500-ml Erlenmeyer flask). The initial ODjs-5 should be 0.5-1.0. Grow the culture
overnight as described in step 2.

4. Repeat step 3 at three or four times.

5. For the main culture inoculate 1.5 liters of lactate medium into a S-liter
Erlenmeyer flask with the preculture to an initial ODs75 of 0.05. Grow the culture
for 14-15 hr at 30°C and 120 rpm.

6. Measure the ODjs-5 of the culture, which should be 1.0-1.5.

Isolation of Yeast Mitochondria/Study of Mitochondrial Protein Translation
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B. ISOLATION OF YEAST MITOCHONDRIA

Solutions

1. 100 mM Tris—SOy4, pH 9.4: To make 1 liter, solubilize 12.11 g of Tris in
distilled water, adjust pH to 9.4 with H,SO4, and adjust to a total volume of 1
liter. Store at 4°C.

2. 100 mM Tris—HCI, pH 7.4: To make 1 liter, solubilize 12.11 g Tris in
distilled water, adjust pH to 7.4 with HCI, and adjust to a total volume of 1 liter.
Store at 4°C.

3. 1 M KPi buffer, pH 7.2: First make 100 ml of a 1 M K,HPO;, solution
(17.4 g) and 100 ml of a 1 M KH,PO, solution (13.6 g). To 50 ml of the
K,HPO, add the KH,PO, solution until a pH of 7.2 is achieved. Store at 4°C.

4. 1 M DTT: To make 1 ml solubilize 154.3 mg DTT in 1 ml distilled water.
This solution should be prepared freshly each time.

5. 0.2 M PMSF: To make 1 ml, solubilize 34.5 mg PMSF in 1 ml ethanol.
Prepare fresh each time.

6. 2.4 M Sorbitol: To make 500 ml, solubilize 218.6 g sorbitol in distilled
water and adjust to a total volume of 500 ml. Store at 4°C.

7. Zymolyase buffer: To make 500 ml, mix 250 ml 2.4 M sorbitol with 10 ml
1 M KP; buffer, pH 7.2, and adjust to a total volume of 500 ml. Store at 4°C.

8. Homogenization buffer: To make 500 ml, mix 125 ml 2.4 M sorbitol and
50 ml 100 mM Tris—HCI, pH 7.4, add 100 mg fatty acid-free BSA, and adjust to
a total volume of 497.5 ml. Finally add 2.5 ml 0.2 M PMSF.

9. SEM buffer: To make 1 liter, solubilize 85.58 g sucrose, 2.1 g Mops, and
0.37 g EDTA in distilled water, adjust pH to 7.2 with KOH, and bring to a total
volume of 1 liter. Store at 4°C.

Steps

1. Collect cells of the main culture by centrifugation at 3000 rpm (Beckman
JA2-21, rotor JA10) forv5 min at 4°C.

2. Decant supernatant and resuspend the cells in a total of 100 ml of
distilled H,O. '

3. Spin as described in step 1 in a preweighed centrifuge bottle.
4. Decant supernatant and determine the weight of the pellet.
5. Resuspend the cells in 100 mM Tris-SO,, pH 9.4, using 2 ml/g of cells.

6. Transfer the cells with a pipette into an Erlenmeyer flask and determine
the volume of the suspension which ideally should be one-tenth of the volume of
the flask. Add DTT from a 1 M stock to a final concentration of 10 mM.

7. Incubate the cells for 10 min at 30°C in a shaking water bath.

8. Spin down the cells at 4000 rpm (Beckman JA2-21, rotor JA20) for 5 min
at 4°C.

9. Resuspend cells in 1.2 M sorbitol using 2 ml/g cells.
10. Repeat step 8. '

11. Resuspend the pellet in zymolyase buffer to a final concentration of 0.15 g/
ml, and add 2-3 mg zymolyase per gram wet weight. Remove a small aliquot
prior to the addition of zymolyase to use as a control for the spheroplast test (see
step 13).
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12. Incubate the cells for 20-40 min at 30°C in a shaking water bath.

13. Check for efficient spheroplast formation by adding 50 ul sample to 2 ml
H,0 and measuring the ODgg nm. Incubation should be continued until the
ODgoo nm is in the range 10-20% of the value measured prior to the addition of
zymolyase. ’

The sample should be kept cold at all times throughout the following steps.

14. Spin the spheroplasts at 4000 rpm (Beckman rotor JA20) for § min at 4°C.

15. Resuspend the spheroplasts in 100 ml 1.2 M sorbitol and spin them again
at 4000 rpm (Beckman rotor JA20) for 5 min at 4°C.

16. Decant the supernatant carefully and resuspend the spheroplasts in the
“homogenization buffer” at a concentration of 0.15 g/ml.

17. Transfer the spheroplast suspension to a glass douncer and dounce for 10—
15 times, avoiding foaming of the sample.

18. Spin at 3000 rpm for 5 min (Beckman rotor JA20) at 4°C.

19. Decant the supernatant into fresh tubes and centrifuge again at 4000 rpm
(Beckman rotor JA20) for § min at 4°C.

20. Decant the supernatant again into fresh tubes and spin at 10,000 rpm for
12 min at 4°C (Beckman rotor JA20).

21. Discard the supernatant and resuspend the pellet carefully in
approximately 25 ml of SEM buffer.

22. Spin at 4000 rpm for 5 min (Beckman rotor JA20) at 4°C.

23. Decant the supernatant again into fresh tubes and spin at 10,000 rpm for
12 min at 4°C (Beckman rotor JA20).

24. Resuspend the mitochondrial pellet in 300 ul of SEM buffer and determine
the protein concentration using the Bio-Rad assay method and then adjust the
protein concentration to 10 mg protein/ml.

25. Freeze aliquots (50 ul) of the mitochondrial suspension in liquid nitrogen
and store at —70°C.

C. TRANSLATION OF MITOCHONDRIA-ENCODED PROTEINS IN
ISOLATED YEAST MITOCHONDRIA

Solutions

1. 1 M KCI: To make 100 ml, solubilize 7.5 g KCl in distilled water and
adjust to a total volume of 100 ml. Store at 4°C.

2. 1 M MgSO,: To make 100 ml, solubilize 24.6 g MgSO4-7H20 in distilled
water and adjust to a total volume of 100 ml. Store at 4°C.

3. 1 M Tris—HCI, pH 7.2: To make 100 ml, solubilize 12.1 g Tris in 70 ml
distilled water, adjust the pH to 7.2 with § M HCl, and add water to a total
volume of 100 ml. Store at 4°C.

4. 200 mM ATP: Dissolve 13 mg ATP in 100 ul distilled water and adjust
with 10 M KOH to a pH around 7. Make fresh each time.

NOTE
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5. 50 mM GTP: Dissolve 2.8 mg GTP in 100 ul distilled water. Make fresh
each time.

6. Amino acid stock solution: Solubilize 20 mg each of the amino acids
alanine, arginine, aspartic acid, asparagine, glutamic acid, glutamine, glycine,
histidine, isoleucine, leucine, lysine, phenylalanine, proline, serine, threonine,
tryptophan, and valine in 10 ml distilled water. Aliquot in 100-ul portions and
keep at —20°C.

7. 10 mM Cysteine: Solubilize 1.2 mg of cysteine in 1 ml of distilled water.
Aliquot in 20 ul and store at —20°C.

8. 1 mg/ml Tyrosine: Solubilize 1 mg of tyrosine in 900 pl of distilled water,
adjust to pH 7 with KOH, and add water to a total volume of 1 ml. Aliquot in
20 pl and keep at —20°C.

9. 200 mM Methionine: Solubilize 30 mg of methionine in 1 ml of distilled
water. Make fresh each time.

10. BSA stock solution: Solubilize 1 g of fatty acid-free BSA in 10 ml of
distilled water. Aliquot in 100-ul portions and store at —20°C.

11. 1.5X Translation buffer: To make 1 ml of the buffer, add 375 ul 2.4 M
sorbitol, 225 ul 1 M KCl, 22.5 ul 1 M KP; buffer, pH 7.2, 30 ul 1 M Tris—HCI,
pH 7.2, 19 ul 1 M MgSQO,, 45 ul BSA stock solution, 30 ul 200 mM ATP, 15 pul
50 mM GTP, 1.7 mg a-ketoglutarate, 3.5 mg phosphoenolpyruvate, 9.1 pl amino
acid stock solution, 10 ul 10 mM cysteine, and 18.2 ul 1 mg/ml tyrosine. Adjust
to 1 ml with distilled H,O.

12. 500 mM EDTA: Dissolve 18.6 g EDTA in distilled water. To help dissolve
EDTA, adjust pH to 7.2 with NaOH and stir at room temperature. Adjust total
volume to 100 ml.

13. Washing buffer: Mix 1.25 ml 2.4 M sorbitol, 10 ul 500 mM EDTA, and
125 ul 200 mM methionine, and adjust to 5§ ml with distilled water.

14. LiDS sample buffer: To make 50 ml of the solution solubilize 1 g LiDS, §
ml glycerol, and 0.36 g Tris in 40 ml of distilled water. Adjust with HCI to a pH
of 6.8, add 5 mg bromophenol blue 1.25 ml B-mercaptoethanol and adjust total
volume to 50 ml. Store at room temperature.

Steps
1. Heat the thermoblock to 30°C.
2. Thaw mitochondria immediately before you start the experiment.

3. Mix 20 pl 1.5X buffer, 1.5 ul pyruvate kinase (0.5 mg/ml), 5.5 ul distilled
water, and 2 ul mitochondria in SEM (10 mg protein/ml). Incubate the mixture
for 2 min at 30°C. )

4. Add 1 pul [*Smethionine and incubate for 20 min at 30°C.

5. Add 30 ul 0.2 M methionine to the reaction mix and centrifuge at room
temperature for 5 min at 14000 rpm in an Eppendorf centrifuge.

6. Remove the supernatant and wash the mitochondrial pellet carefully with
200 pl washing buffer.

7. Centrifuge again as in step 5 and remove the supernatant again.

8. Add 25 pl LiDS sample buffer and shake for 45 min in an Eppendorf mixer
at 4°C to achieve good solubilization of the proteins.

9. Resolve the mitochondrial proteins by SDS—polyacrylamide gel
electrophoresis and the radiolabeled proteins can be visualized by fluorography of
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varl — — 45
cox| — —_ 36
cox il —
otb — — 29
—_— 24
cox il —
ATPase 6 —
— 20
— 14
ATPase 8 —
ATPase 9 —

FIGURE 1 Products of translation in isolated yeast mitochondria. Proteins were translated
for 10 min (lane 1) or 30 minutes (lane 2) as described, and labeling was stopped following
the addition of cold methionine. After a 5-min chase, mitochondria were reisolated by centrif-
ugation, washed, and resuspended in sample buffer. Labeled proteins were separated by SDS-
PAGE and visualized by fluorography. Translation products are indicated. var I, a protein
of the small ribosomal subunit; cox I-III, subunits I-III of the cytochrome ¢ oxidase complex;
cyt b, cytochrome b of the bc; complex; ATPase 6, 8, and 9, subunits 6, 8, and 9 of the ATP
synthase. The positions marked by 45, 36, 29, 24, 20, and 14 indicate the mobility of the
protein standards used and the numbers refer to their molecular weight (in kDa).

the resulting gel (Fig. 1) (Laemmli, 1970; see also article by Julio E. Celis and
Eyéfinnur Olsen). For gel analysis we recommend using a gel whose final
concentrations of acrylamide and bisacrylamide are 16 and 0.1% (w/v),
respectively.

IV. Comments

The mitochondria prepared using the protocol described in Section IIIB are stable
for several months if stored at —70°C. It is essential though that they are frozen
and thawed only once as they are not suited to refreezing. The isolated mitochondria
can be used for in vitro experiments to study the import of various mitochondrial
preproteins as described by Hartl and Neupert (1990), Koll et al. (1992), and Glick
et al. (1992). The mitochondria isolated according to this protocol are also suitable
for in vitro analysis of mitochondrial protein translation, as was described in Section
IIIC. In addition, one can use the isolated mitochondria for submitochondrial local-
ization of proteins, for example, using hypotonic swelling of mitochondria to rupture
specifically the outer membrane and leave the inner membrane intact (Glick, 1991).
For the latter purpose we observed that best results are achieved if one isolates
mitochondria from yeast cells harvested prior to reaching an OD of 1. The normal
yield of mitochondria is between 2 and 5 mg per gram of yeast cells.

V. Pitfalls

1. Sometimes the zymolyase treatment does not work efficiently within a 30-
to 45-min period; this usually happens if the yeast cultures were grown too long
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and the cells are harvested at an OD of 2 or higher. If this occurs, the same
amount of zymolyase should be added again and incubated for a further 15-
30 min. .

2. Take care that the zymolyase treatment does not occur too long after the
spheroplast formation is complete because the zymolyase is often contaminated
with other proteases, whose activities may affect the quality of your mitochondria
preparation, i.e., degradation of mitochondrial surface receptors required for
preprotein import.

3. The douncing step is critical: douncing with too much force will result in
broken mitochondria, whereas insufficient douncing often results in a high level
of intact spheroplasts, thereby decreasing the yield of mitochondria.
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