
LIPOXYGENASE ACTIVITY ASSOCIATED WITH CYANIDE-
INSENSITIVE OXYGEN UPTAKE IN MITOCHONDRIAL
FRACTIONS FROM SEEDLINGS OF GLYCINE MAX L

Item Type text; Thesis-Reproduction (electronic)

Authors Scherban, Donna Michele, 1954-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 26/05/2023 10:10:06

Link to Item http://hdl.handle.net/10150/276512

http://hdl.handle.net/10150/276512


INFORMATION TO USERS 

This reproduction was made from a copy of a document sent to us for microfilming. 
While the most advanced technology has been used to photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 
quality of the material submitted. 

The following explanation of techniques is provided to help clarify markings or 
notations which may appear on this reproduction. 

1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete continuity. 

2. When an image on the film is obliterated with a round black mark, it is an 
indication of either blurred copy because of movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image of the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photographed, 
a definite method of "sectioning" the material has been followed. It is 
customary to begin filming at the upper left hand corner of a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again—beginning below the first row and continuing on 
until complete. 

4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department. 

5. Some pages in any document may have indistinct print. In all cases the best 
available copy has been filmed. 

University 
Micrdrilms 

International 
300 N. Zeeb Road 
Ann Arbor, Ml 48106 



rr « f i »aiii riiTBrrnnr ;r. »• "i —iiinhiiiii«T>'iirii> 



Order Number 1331470 

Lipoxygenase activity associated with cyanide-insensitive oxygen 
uptake in mitochondrial fractions from seedlings of Glycine max 
L. 

Scherban, Donna Michele, M.S. 

The University of Arizona, 1987 

U M I  
300 N. Zeeb Rd. 
Ann Arbor, MI 48106 



,* •*•»•  ̂grrr̂ --—-.̂ BSgrBn-



PLEASE NOTE: 

In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check mark 

1. Glossy photographs or pages ^ 

2. Colored illustrations, paper or print_ 

3. Photographs with dark background. 

4. Illustrations are poor copy 

5. Pages with black marks, not original copy. 

6. Print shows through as there is text on both sides of page. 

7. Indistinct, broken or small print on several pages. 

8. Print exceeds margin requirements 

9. Tightly bound copy with print lost in spine 

10. Computer printout pages with indistinct print. 

11. Page(s) lacking when material received, and not available from school or 
author. 

12. Page(s) seem to be missing in numbering only as text follows. 

13. Two pages numbered . Text follows. 

14. Curling and wrinkled pages 

15. Dissertation contains pages with print at a slant, filmed as received 

16. Other 

University 
Microfilms 

International 





LIPOXYGENASE ACTIVITY ASSOCIATED WITH 

CYANIDE-INSENSITIVE OXYGEN UPTAKE 

IN MITOCHONDRIAL FRACTIONS FROM 

SEEDLINGS OF GLYCINE MAX L. 

by 

Donna Michele Scherban 

A Thesis Submitted to the Faculty of the 

DEPARTMENT OF PLANT SCIENCES 

In Partial Fulfillment of the Requirements 
For the Degree of 

MASTER OF SCIENCE 
WITH A MAJOR IN AGRONOMY AND PLANT GENETICS 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

19 8 7 



STATEMENT BY AUTHOR 

This thesis has been submitted in partial 
fulfillment oT requirements for an advanced degree at 
The University of Arizona and is deposited in the 
University Library to be made available to borrowers 
under rules of the Library. 

Brief quotations from this thesis are allowable 
without special permission, provided that accurate 
acknowledgment of source is made. Requests for 
permission for extended quotation from or reproduction 
of this manuscript in whole or in part may be granted by 
the head of the major department of the Dean of the 
Graduate College when in his or her judgment the 
proposed use of the material is in the interests of 
scholarship. In all other instances, however, permission 
must be obtained from the author. 

SIGNED : —- M • A suAr-ef —• 

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below: 

6J*3,/*7 

ROBERT G. MCDANIEL Date 7 

Professor of Plant Sciences 



ACKNOWLEDGEMENTS 

This thesis was made possible through the 

support of many people, and in particular I would like 

to thank: 

Daniel Walton, my husband, for love, 

encouragement, and laughter through which troubled 

waters were bridged. 

Drs. Robert McDaniel, Alan Goldstein, and Kaoru 

Matsuda, my advisor and committee members, respectively, 

for thoughtful advice and guidance during the past two 

years. 

The Department of Plant Sciences, for financial 

support through a graduate research assistantship. 

Niels Nielsen, Purdue University, for his gift 

of goat anti-lipoxygenase IgG. 

Salt River Seed Co., for their gift of Rillito 

soybean seeds. 

Special thanks for technical advice and general 

support go to Dawn Baertlein, Dan Brown, Judy Brown, 

Avihai Danon, Joan Dooley, Kim Gabel, Donna Goldstein, 

and Luis Mejia. 



TABLE OF CONTENTS 

Page 

LIST OF TABLES v 

LIST OF ILLUSTRATIONS vi 

ABSTRACT vii 

1. INTRODUCTION 1 

2. LITERATURE REVIEW 5 

Lipoxygenase in Mitochondrial Preparations . 5 
In Vitro Measurements of Lipoxygenase Activity 8 
Localization of the Alternative Pathway 

Component .10 

3. MATERIALS AND METHODS 14 

Mitochondrial Isolation 14 
Density Gradient Purification ....... 16 
Respiratory Studies 17 
Polyacrylamide Gel Electrophoresis 18 
Two-Dimensional Micro-Immunodiffusion ... 20 

4. RESULTS 21 

Physiological Characteristics 21 
Immunodiffusion Tests 36 

5. DISCUSSION 41 

APPENDIX A: RESPIRATORY ACTIVITIES OF COTTON AND 
LETTUCE 46 

LIST OF REFERENCES 37 

i v  



LIST OF TABLES 

Table Page 

1. Mean respiratory activities of washed and 
purified mitochondria from 2 day old soybean 
axis with succinate as substrate 27 

2. Mean respiratory activities of washed and 
purified mitochondria from 2 day old soybean 
axis with alpha-ketoglutarate as substrate . . 28 

3. Mean respiratory activities of washed and 
purified mitochondria from 2 day old soybean 
cotyledons with succinate as substrate ... 29 

4. Mean respiratory activities of washed and 
purified mitochondria from 2 day old soybean 
cotyledons with alpha-ketoglutarate as 
substrate 30 

5. Respiratory activities of purified 
mitochondria that exhibit total cyanide 
sensitivity 35 

v  



LIST OF ILLUSTRATIONS 

Figure Page 

1. Typical polarographic tracings from 2 day old 
soybean axis mitochondria with succinate . . 22 

2. Typical polarographic tracings from 2 day old 
soybean cotyledon mitochondria with succinate .23 

3. Typical 3-step discontinuous Percoll^ density 
gradients after one centrifugation 24 

4. Typical 1-step discontinuous Percoll^ density 
gradients after the second centrifugation . . 25 

5. Bar graph of percent cyanide-insensitive 
oxygen uptake in axis mitochondria with 
succinate 31 

6. Bar graph of percent cyanide-insensitive 
oxygen uptake in axis mitochondria with 
alpha-ketoglutarate 32 

7. Bar graph of percent cyanide-insensitive 
oxygen uptake in cotyledon mitochondria with 
s u c c i n a t e  . . . . .  3 3  

8. Bar graph of percent cyanide-insensitive 
oxygen uptake in cotyledon mitochondria with 
alpha-ketoglutarate 34 

9. Ouchterlony double diffusion showing no 
measurable lipoxygenase in cyanide-sensitive 
axis mitochondria 39 

10. Ouchterlony double diffusion showing no 
measurable lipoxygenase in cyanide-sensitive 
cotyledon mitochondria 40 

v i  



ABSTRACT 

Soybean seeds are known to contain high levels 

of lipoxygenase activity, especially during early stages 

of germination. Crude mitochondrial fractions from 

germinating soybeans also have been shown to exhibit 

high rates of cyanide-insensitive oxygen uptake. These 

results show the effects of successive discontinuous 

PercollR density gradients on mitochondrial fractions 

from 2 day old soybean seeds as judged by polarographic 

studies and Ouchterlony double diffusion. Axis 

mitochondria exhibited totally cyanide-sensitive oxygen 

uptake after two gradients and cotyledon mitochondria 

exhibited from none to 11% cyanide-insensitive oxygen 

uptake after three gradients. Mitochondrial fractions 

which were assayed for lipoxygenase with double 

diffusion exhibited positive results with fractions that 

showed cyanide-insensitive oxygen uptake and negative 

results with cyanide-sensitive mitochondria. These 

results suggest that lipoxygenase can loosely associate 

with the mitochondrial membrane and that gradient 

centrifugation can purify mitochondria free of both 

lipoxygenase and cyanide-insensitive oxygen uptake. 
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CHAPTER 1 

INTRODUCTION 

The widespread phenomenon of cyanide-insensitive 

respiration was first observed by Genevois (1929) with 

seedlings of sweet pea (Lathyrus odorata). Later, van 

Herk (1934) observed a rapid respiration in the 

Sauromatum guttatum spadix which was highly resistant to 

cyanide. Other classical respiratory inhibitors, such as 

carbon monoxide (Hackett, 1957), azide and antimycin A 

(Bendall and Bonner, 1971), were also shown to elicit a 

similar response. James and Elliott (1955) attributed 

the cyanide-insensitive respiration to mitochondria 

after observing a cyanide-insensitive oxygen uptake in 

crude mitochondrial fractions from the spadix of Arum 

maculatum. Mitochondrial preparations from a wide array 

of plant and animal tissue, and microorganisms, also 

have been observed to exhibit cyanide-insensitive oxygen 

uptake. 

It is now widely accepted that the alternative 

respiration, a term commonly used to refer to cyanide-

insensitive oxygen uptake, is highly sensitive to aryl 

substituted hydroxamic acids (Shonbaum, 1971), propyl 

gallate (Siedow and Girvin, 1980) and a number of its 
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structural analogues (Siedow and Bickett, 1981), and 

tetraethylthiuram disulfide (Grover and Laties, 1978). 

Few details are known about this pathway except that 

inhibitor studies show that ubiquinone (Storey, 1980) 

appears to be the carrier where electrons diverge to 

either the cytochrome or alternative pathway, and water 

appears to be the final product of oxygen reduction 

(Moore and Rich, 1980). Since no measurable 

phosphorylation occurs with cyanide-insensitive 

respiration it is considered to be a wasteful electron 

transport pathway. 

The identification of an alternative oxidase has 

been confounded by the discovery that other enzymes can 

be inhibited by the substances thought to be specific 

inhibitors of the alternative respiration. Horseradish 

peroxidase and tyrosinase (Rich et al., 1978) were shown 

to be inhibited by hydroxamic acids. However, unlike the 

alternative oxidase, they are also inhibited by cyanide. 

Interestingly, lipoxygenase which is highly active in 

many plants at early stages of development (Axelrod, 

1974) responds to inhibitors in the same way as does 

cyanide-insensitive respiration. Many respiratory 

studies are being done with mitochondria that have not 

been assayed for lipoxygenase activity so the cyanide-

insensitive oxygen uptake in these preparations should 

not automatically be attributed to an alternative 
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oxidase. 

Purification of mitochondria has proven to be a 

difficult procedure often resulting in fractions 

containing extra-mitochonoria1 components that 

frequently associate with isolated mitochondria. Density 

gradient centrifugation is an effective technique for 

purifying crude mitochondrial preparations and has been 

shown to reduce lipoxygenase activities in preparations 

from wheat (Goldstein, Anderson, and McDaniel, 1980), 

soybean (Shingles, Arron, and Hill, 1982), and potato 

(Neuburger et al., 1982). However, density gradients 

are not always successful in purifying mitochondria to 

absolute homogeneity. Siedow and Girvin (1980) used 

discontinuous sucrose gradients to purify potato tuber 

mitochondria and observed an 85% reduction of 

lipoxygenase in washed mitochondria after gradient 

centrifugation. Percoll^ gradients have been shown to 

reduce lipoxygenase activity more effectively than 

sucrose gradients. Shingles, Arron, and Hill (1982) 

purified washed mitochondria from aged potato slices and 

observed a 90% reduction in lipoxygenase activity. 

Cyanide-insensitive oxygen and lipoxygenase activity 

have both been totally removed from wheat mitochondria 

(Goldstein, Anderson, and McDaniel, 1980) with Percoll^ 

density gradients. 

The studies reported here were conducted with 
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2 day old soybean seed, which is known to contain high 

levels of lipoxygenase activity, from which mitochondria 

was isolated and purified with up to three discontinuous 

Percol 1R density gradients. Polarographic studies with 

these mitochondrial fractions showed that successive 

PercollR gradients reduced cyanide-insensitive oxygen 

uptake to lower percentages with each gradient step. 

Axis mitochondria exhibited a total elimination of 

cyanide-insensitive oxygen uptake after two gradient 

steps in several replicates. This suggests that the 

cyanide-insensitive oxygen uptake in washed mitochondria 

is the result of an oxidation reaction whose components 

can be physically separated from mitochondria. To 

examine the relationship between the occurrence of 

cyanide-insensitive oxygen uptake and lipoxygenase, 

mitochondrial samples were assayed for lipoxygenase with 

Ouchterlony dduble diffusion tests using goat anti-

lipoxygenase as the antiserum. These tests gave positive 

results with washed mitochondria and purified 

mitochondria that exhibited cyanide-insensitive oxygen 

uptake, but each sample of purified mitochondria that 

exhibited total cyanide sensitivity showed no reaction 

with anti-lipoxygenase in double diffusion. These 

results suggest that lipoxygenase activity accounts for 

the observed cyanide-insensitive oxygen uptake in 

mitochondria that have not been purified to homogeneity. 



CHAPTER 2 

LITERATURE REVIEW 

Lipoxygenase in Mitochondrial Preparations 

The criteria for determining the activity of 

alternative respiration were disputed in a paper by 

Parrish and Leopold (1978) which presented data showing 

that purified lipoxygenase, like alternative oxidase, is 

cyanide-insensitive and hydroxamate-inhibited. Previous 

studies (1977) indicated that the initial burst of 

oxygen uptake in imbibing soybean seeds was cyanide-

insensitive and inhibited by SHAM and propyl gallate. 

Suspecting that this activity might be due to 

lipoxygenase, cell-free preparations of the enzyme were 

measured and found to respond in the same way to these 

inhibitors. Linoleic acid, a substrate for lipoxygenase, 

was added to the soybean preparations and shown to cause 

an increase in SHAM-sensitive respiration. Goldstein, 

Anderson, and McDaniel (1980, 1981) demonstrated that 

Percoll" density gradient centrifugation could 

physically separate the cyanide-insensitive respiration 

from highly purified mitochondria in durum wheat 

seedlings. They reported a series of respiratory studies 

performed with conventionally prepared mitochondria and 

5  
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highly purified mitochondria from germinating wheat 

seedlings and demonstrated that a 1ipoxygenase-rich 

mitochondrial pellet which exhibited cyanide-insensitive 

respiration could be physically separated in a density 

gradient to yield a homogenous band of mitochondria with 

no alternative respiration or lipoxygenase activity. The 

physiological integrity of the mitochondria was 

maintained as demonstrated with polarographic studies; 

and the purity of the samples was illustrated with 

electron micrographs. A cyanide-insensitive, SHAM-

inhibited oxygen uptake was observed in a separate 

gradient band which was distinct from the homogenous 

mitochondrial band suggesting that alternative 

respiration is not an integral component of mitochondria 

but that it can be physically separated from the denser 

mitochondria. 

Removal of lipoxygenase by purification of 

washed mitochondrial pellets on Percoll^ gradients has 

been reported (Shingles, Arron, and Hill, 1982) from 

studies with aged potato slices, mung bean hypocotyls, 

and soybean axes. Purification resulted in the removal 

of 90% of the lipoxygenase activity; and the aged potato 

slice mitochondria exhibited a reduced cyanide-

insensitive respiration following purification. Siedow 

and Girvin (1980) observed high levels of lipoxygenase 

activity in washed mitochondria from potato tubers, 
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soybean hypocotyls, mung beans, and Jerusalem artichoke 

tubers. After purification of the washed mitochondria on 

discontinuous sucrose gradients, 85% of the lipoxygenase 

activity was removed from the mitochondria and the rest 

was spread throughout the entire gradient with peaks of 

activity occurring at the gradient interfaces. Half of 

the remaining lipoxygenase activity could be removed by 

diluting the purified mitochondria followed by 

centrifugation and removal of the supernatant. These 

results indicate that lipoxygenase is probably not 

itself located within the membrane system of 

mitochondria. 

PercollR density gradient centrifugation has 

also been used to purify mitochondrial preparations 

contaminated with broken chloroplasts and peroxisomes 

from spinach leaves (Schwitzguebel and Siegenthaler, 

1984), mung beans, lettuce, french beans, and potato 

tubers (Jackson, 1979). It should be noted, however, 

that even after gradient purification these studies 

report a slight remaining amount of contamination in the 

mitochondrial band as does Hrubec (1985) who observed 4% 

contamination with chlorophyll and catalase in PercollR-

purified mitochondria from soybean leaves. Neuburger et 

al (1982) found that catalase and lipoxygenase were 

reduced 90-95% in PercollR-purified mitochondria from 

potato tubers, but when the mitochondrial fraction was 
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repelletted and purified through a second gradient, 

these enzyme activities were reduced to a negligible 

amount. Additionally, they found that sucrose gradients 

were less effective than silica sol (Percoll^) gradients 

in removing contaminants from mitochondria. These 

studies strongly suggest that cyanide-insensitive 

respiration which is observed in vitro may be the result 

of contaminating oxidases such as lipoxygenase, and that 

careful purification methods should be employed before 

attributing cyanide-insensitive, hydroxamate inhibited 

oxygen uptake to a mitochondrial component. 

Additionally, the purification procedures presently 

accepted may not be entirely adequate since slight 

amounts of contaminants can still remain even after a 

single density gradient centrifugation. 

In Vitro Measurements of Lipoxygenase Activity 

Grover and Laties (1978) reported that 

tetraethylthiuram disulfide (disulfuram) inhibits 

cyanide-insensitive respiration at a different site from 

the inhibitory site of hydroxamic acids. In an attempt 

to discriminate between the cyanide-insensitive 

respiration and lipoxygenase activity, Miller and 

Obendorf (1981) compared the effects of disulfuram on 

oxygen uptake by soybean mitochondria oxidizing 

succinate in the presence of cyanide or oxidizing 

linoleic acid and found that disulfuram inhibited 
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cyanide-insensitive respiration by 90% but had no effect 

on lipoxygenase. They also reported that disulfuram had 

an inhibitory effect on the cytochrome pathway as did 

Grover and Laties (1981). Contrary to these findings 

however, Stelzig, Allen, and Bhatia (1983) reported that 

SHAM and disulfuram inhibited both potato tuber 

lipoxygenase and cyanide-insensitive respiration in aged 

potato discs. Inhibition of lipoxygenase by disulfuram 

was also demonstrated by Rustin, Dupont, and Lance 

(1983) in a study on the oxidative interactions between 

fatty acid peroxy radicals and quinones. They measured 

spectrophotometrically the oxidation of duroquinol in a 

reaction medium with linoleic acid and lipoxygenase and 

demonstrated that oxygen uptake in this reaction was 

cyanide-insensitive and at least 90% inhibited by 

disulfuram, SHAM, or propyl gallate. Bown, Pullen, and 

Shadeed (1984) found that disulfuram stimulated medium 

acidification when added to suspensions of Asparagus 

sprengeri mesophyll cells and also noted the 

a c c u m u l a t i o n  o f  t h e  r e d u c t i o n  p r o d u c t  

diethyldithiocarbamic acid in sufficient amounts to 

account for the acidification. Cyanide-inhibition of 

seed germination is facilitated by acidification of the 

KCN solution in closed systems (Yu, 1981) due to the 

formation of HCN. These reports indicate that disulfuram 

has diverse effects on plant systems which include pH 
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changes; and inhibitory effects on the cytochrome 

pathway, cyanide-insensitive respiration, and 

lipoxygensase activity. Consequently, disulfuram may not 

be the discriminating inhibitor that Miller and Obendorf 

(1981) claim it to be. 

Caution should be taken when equating oxygen 

uptake in the presence of linoleic acid to lipoxygenase 

activity. Dupont, Rustin, and Lance (1982) examined 

linoleic acid oxidation by plant mitochondria and 

concluded that linoleic acid solutions can give rise to 

linoleic acid hydroperoxide when they come in contact 

with air and that heme compounds can catalyze the 

oxidation of linoleic acid hydroperoxides or they can 

undergo auto-oxidation. To differentiate between 

lipoxygenase and heme compounds they suggest examining 

the behavior of a lipoxygenase-mediated reaction with 

respect to temperature since lipoxygenase would be very 

temperature sensitive. Using their own criteria for 

measuring lipoxygenase activity, they also detected 

lipoxygenase activity in washed mitochondria which was 

released after purification on a sucrose density 

gradient. 

Localization of the Alternative Pathway Component 

The observed accumulation of lipid peroxidation 

products during malate oxidation through the cyanide-

resistant pathway by mitochondria from Arum maculatum 



1 1  

spadix led Rustin, Dupont and Lance (1984) to propose a 

new scheme for cyanide-resistant respiration that 

involves a cyclic reaction between fatty acid peroxy 

radicals and reduced ubiquinones. They propose that 

lipid peroxidation will be catalized by superoxides 

produced by the one-electron auto-oxidation of the 

reduced forms of flavoproteins, or of ubiquinone. It 

should be mentioned that this is a hypothetical scheme 

and that experimentally, the peroxidation of fatty acids 

was catalyzed by lipoxygenase. 

It has been suggested that malate dehydrogenase 

and malic enzyme are compartmented within the 

mitochondrial matrix and have different access to the 

alternative pathway (Palmer, 1976; Rustin, 1979, 1981). 

More recently Rawsthorne and LaRue (1986) compared 

cyanide-resistant respiration in cowpea nodules and 

hypocotyls and found that nodules were totally cyanide-

sensitive and hypocotyls exhibited 15% cyanide-

resistant respiration. Compartmentation of alternative 

path activity was suggested to account for the 

occurrence of malic enzyme activity in hypocotyl 

mitochondria 12-fold higher than the activity in nodule 

mitochondria. Wiskich and Day (1982) presented results 

that argue against a functional link between malic 

enzyme and cyanide-resistant respiration. They measured 

the relative contribution of malic enzyme and malate 
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dehydrogenase to raalate oxidation in mitochondria by 

adjusting reaction medium pH and found a greater 

inhibition at alkaline pH. They attribute the effect of 

KCN on malate oxidation at higher pH to an inhibition 

of aspartate aminotransferase, which is necessary for 

oxalacetate removal and continued raalate dehydrogenase 

activity. 

Recent attempts have been made to solubilize the 

mitochondrial membrane component responsible for the 

alternative respiration, however convincing evidence 

pointing to the existence of a specific protein acting 

as a terminal oxidase has yet to be demonstrated. Assay 

reactions presently employed for the characterization 

of such proteins which involve the oxidation of reduced 

quinones are questionable since this reaction can occur 

in the presence of many compounds (Rustin, 1986), 

including unsaturated fatty acids, fatty acid 

hydroperoxides, and proteins, like lipoxygenase, that 

contain a metal, such as iron or copper (Dupont, 1982). 

Additionally, these compounds have similar reactions 

toward inhibitors, being sensitive to cyanide and 

insensitive to inhibitors of the alternative pathway. 

The isolation of a protein that catalyzes the oxidation 

of duroquinol has been reported (Elthon, 1986; Kay and 

Palmer, 1985; Moore, 1985) and attributed to the 

terminal oxidase on the basis of its sensitivity to 
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inhibitors. The mitochondrial preparations used for 

these studies were not tested for homogeneity or for the 

presence of contaminating substances which makes the 

criteria for determining alternative respiration in 

these solubilized fractions just as questionable as when 

these measurements are made in whole mitochondria. 



CHAPTER 3 

MATERIALS AND METHODS 

Mitochondrial Isolation 

Soybean (Glycine max L.) seed was surface 

sterilized by soaking in 1 % sodium hypochlorite 

solution for 5 minutes and then rinsed thoroughly with 

tap water followed by double distilled water. The seed 

was spread evenly between two Kim towels (Kimberly-Clark 

Mfg., Neenah, WI) moistened with 125 ml double distilled 

water and placed within two facing fiberglass trays. The 

trays were partially sealed with masking tape and stored 

inside an opaque plastic bag to prevent the seeds' 

exposure to light. The seeds were incubated in an Evans 

Mfg. Corp. (Mt. Vernon, N. Y.) incubator at a continuous 

25° C for 48 hours. Seed coats were removed and 

cotyledons and axes were separated and collected in 

plastic weigh boats on ice. All subsequent steps were 

performed on ice with chilled equipment and buffers that 

were adjusted at 4° C to a pH of 7.2 with either 1 M 

KOH or 1 M HC1. Each differential centrifugation pellet 

contained material from 5 grams of starting tissue and 

each density gradient sample contained material from 10 

grams of starting tissue. The tissue was rinsed with 

1 4  
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ddH20 and each sample was gently ground in a porcelain 

mortar for 1 minute with 15 ml of grinding buffer (0.5 M 

sucrose, 0.057 M K2HPO4, 0.018 M KH2P0i|, 0.004 M EDTA 

and 1.0% w/v BSA). The homogenate was squeezed through a 

layer of nylon mesh into centrifuge tubes and the final 

volume was brought up to 40 ml with grinding buffer 

poured through the slurry. The homogenate was 

centrifuged at 10U0 x g_ for 5 minutes in a Sorvall 

(Newtown, Ct) RCB-2 refrigerated centrifuge utilizing an 

SS-34 rotor. The supernatant was filtered through a 

layer of nylon mesh into another centrifuge tube and 

centrifuged at 34 , 000 x g_ for 15 minutes. The 

supernatant was discarded and the sides of the tube 

thoroughly wiped with Kim wipes to remove the adhering 

lipids. Five ml of wash buffer (0.0014 M K2HPO4, 0.5 M 

sucrose and 1.0% BSA) were added to the pellet and the 

mitochondria were gently scraped away from the heavier 

starch pellet with a glass rod. The resuspended 

mitochondria were poured into another tube and 

centrifuged at 34,000 x g_ for 10 minutes. The resulting 

pellet was either resuspended in 1 ml of wash buffer for 

a polarographic oxygen uptake measurement, or 

resuspended in 0.3 ml of wash buffer for density 

gradient centrifugation. 



16 

Density Gradient Purification 

Purification of the above mitochondrial 

preparation was accomplished by centrifugation in a 

discontinuous Perco11R (Pnarmacia) density gradient. The 

resuspended pellet was layered on top of a four-step 

gradient consisting of 0.8 ml each of 10%, 20%, 30%, and 

40% (v/v) Perco11R in wash buffer. Each step also 

contained 0.5 M sucrose and 0.0014 ~ K2HP04 and the pH 

was adjusted to 1.2 with HCl after dilutions were made. 

The gradients were prepared in 5 ml cellulose nitrate 

tubes (Beckman) by gently layering the 10% solution on 

the bottom of the tube with a Pasteur pipette and then 

displacing it with the 20% solution layered underneath 

and continuing similarly with the 30% and 40% solutions. 

The gradients were prepared on the day of the experiment 

and hela at 2° C until used. The gradients were then 

spun in a Sorvall OTD-2 ultracentrifuge witn a SW 50.1 

rotor at 37,000 x ~for 25 minutes. The mitochondrial 

fraction was harvested with a 1 cc plastic syringe and 

21 ga. hypodermic needle by puncturing the tube with the 

needle just below the fraction and then slowly 

withdrawing the plunger until most of the gradient band 

was removed. The sample was slowly resuspended in 10 ml 

of wash buffer and centrifuged at 34,000 x ~for 15 

minutes. The supernatant was removed with a pipette to 

avoid disturbing the loose pellet. This procedure was 
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repeated for successive gradient purification steps 

except that the bands were removed with a pasteur 

pipette instead of syringe since contamination from 

other organelles was less likely. 

Respiratory Studies 

Mitochondrial respiration was measured 

polarographically with a Clark type oxygen electrode 

(Yellow Springs Instrument Co., Yellow Springs, OH) at 

25° C. A 1 ml sample of resuspended mitochondrial 

fraction was added to 2 ml of reaction buffer (0.3 M 

mannitol, 0.007 M TES, 0.15 M KH2PC>4, 0 .0002 M thiamine 

pyrophosphate, 0.0163 M MgC^) in a glass cuvette and 

aerated with a magnetic stir bar. Respiratory states 

were calculated according to Estabrook (1967) and 

cyanide-insensitive respiration was determined to be the 

percent of state 3 respiration remaining following the 

addition of 0.2 mM antimycin-A during state 4 

respiration. Antimycin-A was used since it has been 

shown to affect mitochondrial respiration in a similar 

manner to cyanide (Bendall and Bonner, 1971). Protein 

was determined by the method of Bradford (1976) using 

BSA as a standard. 

Substrate and inhibitor values are given on the 

basis of final concentration in a 3 ml reaction volume. 

Respiration was initiated with either 12 mM alpha-

ketoglutarate (Sigma) or 10 mM succinate (Sigma). After 
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30 seconds, 140 juM ADP (Sigma) was added and following 

SUDStrate-lirnited phosphorylation additional ADP was 

added to obtain 2 to 4 respiratory cycles. Substrates 

were prepared in advance and stored in sealed glass 

tubes at -20° C until the day of the study. Solutions of 

0.2 mM antimycin-A (Sigma), 1.0 mM propyl gallate 

(Eastman), 1.0 mM SHAM (Aldrich), and disulfuram (Sigma) 

were dissolved in absolute ethanol. Linoleic acid, 1.0 

mM (Eastman), was dispersed 1:1 with 0.66% Tween 20 

(Sigma) to form an emulsion and then diluted to 10X 

volume with wash buffer. An anaerobic solution was 

ODtained by exposure to N2 for 5 min to insure against 

hydroperoxide formation. All substrates and inhibitors 

were prepared on the same day of the study, unless 

stated otherwise, and were adjusted to a pH of 7.2 with 

either KOH or HCL. 

Polyacrylamide Gel Electrophoresis 

Vertical 1.5 mm slab gels of 10% acrylamide (Bio 

Rad) buffered at pH 8.9 with stacking gels of 3.5% 

acrylamide buffered at 6.7 were prepared by the method 

of Laemmli (1970) with Triton X-100 (Sigma) replacing 

SDS. Mitochondrial samples, 20-30 jul, were prepared for 

electrophoresis in the same method as was described for 

polarographic measurements and stored at -20° C until 

used. For some studies, these samples were freeze-dried 

to eliminate excess liquid. Protein was determined by 
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the method of Bradford (1976). Crystalline soybean 

lipoxygenase, 3-5 Jul, containing 300,000 units/mg was 

used either alone or added to certain mitochondrial 

samples. Bromophenol blue (Fisher Scientific), 0.001%, 

was added to the samples as a marker dye. 

Electropnoresis was carried out at 3-5 W 

constant power (Isco, Lincoln, Neb., Model 493 power 

supply) in a tris-glycine buffer at pH 8.9 for 3 hrs. A 

circulating water bath (Neslab, Portsmouth, N. H., Model 

RTE-8) maintained the temperature at 5° C throughout the 

procedure. Immediately after electrophoresis, the gels 

were rinsed with distilled water and stained. Protein 

bands were stained with Coomassie brilliant blue G-250 

(Sigma) after being fixed in 12% trichloracetic acid for 

1 hour. Lipoxygenase reaction mixtures were prepared by 

the method of DeLumen and Kazeniac (1976). The gels were 

placed in a linoleic acid solution for 30 min then 

rinsed with distilled water and stained overnight with 

0.1% 3,3-dimethoxybenzidine hydrochloride (Eastman). 

Linoleic acid (Grade III, 99% pure, Sigma) was prepared 

by dispersing 0.62 ml of acid in 50 ml of distilled 

water and 2 drops of Triton X-100 with a Polytron for 10 

seconds and diluted to give a stock solution of 20 mM. 

The working solution was prepared by diluting the stock 

to 2 mM with 0.1 M tris-HCL adjusted to pH 8.6 and left 

open to air for 20-30 min at room temperature. The gels 
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were stored in plastic bags with distilled water and 

kept.at 4° C. 

Two-Dimensional Micro-Immunodiffusion 

The Ouchterlony double diffusion test was 

performed on a micro-scale by the method of Neuhoff 

(1973) to increase the sensitivity of the reaction. The 

immunoprecipitation takes place on GelBondR (FMC) which 

has been cut into 2.5 cm squares and covered with 3 ml 

of 0.7% agarose (SeaKem) in distilled water with 0.85% 

NaCl (Sigma)..The solution is heated and shaken until 

the agarose has dissolved completely. Upon cooling a 

rosette of holes was punched into the agarose layer with 

a 10 jul microcap and the agarose was suctioned from the 

wells with a Pasteur pipette and vacuum pump. 

Mitochondrial samples were prepared in the same method 

as for polarographic studies except for certain samples 

which were freeze-dried. Lipoxygenase, 10 or 20 jug 

(Sigma) was used in each test as a standard. Goat 

antiserum was prepared against lipoxygenase-1 (gift from 

N. Nielson, Purdue University) and mixed 1:1 with 

glycerol. This mixture was used full strength unless 

otherwise stated. Agarose plates were stored in plastic 

petri dishes and kept in a humid container until the 

precipitin band formed 12 to 24 hrs later. 



CHAPTER 4 

RESULTS 

Physiologioal Characteristics 

Effects of the density gradient centrifugation 

on the integrity of the washed mitochondria were mainly 

beneficial as verified by a characteristic enhancement 

of respiratory rates with each successive gradient 

purification step (Figures 1 and 2). Respiratory 

control and ADP/O ratios also improved with repeated 

purification in most instances indicating that the 

Percoll gradients were effectively removing contaminants 

that can interrupt the normally efficient electron 

transport system in mitochondria. Figure 3 illustrates 

three typical discontinuous gradients after one 
* 

centrifugation indicating the mitochondrial band and the 

large amounts of contaminants that can associate with a 

crude mitochondrial preparation. A second one-step 

discontinuous gradient (Figure 4) contains less visible 

contamination. Three-step gradients were used as the 

second gradient in some studies but did not result in 

any noticeable differences in mitochondrial respiration. 

Polarographic studies of the mitochondrial fractions 

were analyzed using measurements of each respiratory 

2 1  
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Succinate —> Succinate — >' 

ADP -> 
ADP -> 

R.C.=2.80 R.C. = 2.90 

ADP/0=1.30 ADP/0=1.1 0 

CN—INS=0.06 CN—INS=0.01 

ADP -> 

ADP -> 

AA -> 1 

AA. -> \ 
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Figure 1. Typical polarographic tracings from 2 day 
old soybean axis mitochondria with succinate. 
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Succinate —> 

ADP -> 
Succinate —> 

ADP -> 

R.C.=2.80 R.C.=3.30 

ADP/0=1.30 ADP/0=1.30 

CN—INS=0.10 CN—INS=0.02 

ADP -> ADP -> 

AA ->\ 

AA -> 

AA -> 
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Figure 2. Typical polarographic tracings from 2 day 
old soybean cotyledon mitochondria with 
succinate. 



Figure 3. 

24 

Typical 3-step discontinuous PercollR 
density gradients after one centrifugation 
of axis mitochondria (A) and cotyledon 
mitochondria (Band C). 



Figure 4. 

25 

Typical 1-step discontinuous Perco11R 
density gradients after the second 
centrifugation of axis mitochondria (A) and 
cotyledon mitochondria (Band C). 
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cycle and the second cycle was observed to be faster 

and more efficient at phosphorylating ADP than the first 

cycle (Tables 1, 2, 3, and 4) indicating that the 

isolation procedure may physically retard the 

mitochondria but that incubation in physiological 

amounts of substrates can rejuvenate the electron 

transport components. Cyanide-insensitive oxygen uptake 

was calculated as the ratio of oxygen uptake remaining 

with .2mM antimycin A to total respiration during the 

1st and 2nd respiratory cycles (Figs. 5, 6, 7, and 8). 

Since respiration rates are higher in the 2nd cycle, 

cyanide-resistant respiration is calculated as a lower 

value when the 2nd cycle rates are used. Cyanide-

resistant oxygen uptake was reduced with Percoll^ 

gradients at a higher rate in mitochondria from axes 

tissue than from cotyledonary tissue. Crude 

mitochondrial preparations from axes exhibited higher 

cyanide-insensitive oxygen uptake rates, 6 to 26%, than 

identical preparations from cotyledons, 6 to 17 %» 

however these rates in axes mitochondria following 

gradient purification were lower than those in cotyledon 

mitochondria. Cyanide-insensitive oxygen uptake was 

totally eliminated in several axes samples and one 

cotyledon sample after two gradient steps (Table 5), 

however most cotyledon mitochondria still had up to 11% 

cyanide-insensitive oxygen uptake remaining after three 



TABLE 1. Mean respiratory activities of washed and purified 
mitochondria from 2 day old soybean axes with 
succinate as substrate. Respiratory rates are 
expressed in nmoles oxygen/min mg-1 protein. CN -INS, 
cyanide-insensitive oxygen uptake, is expressed 
as percent of state 3 rates in the first and 
second respiratory cycles. 

WASHED 
MITOCHONDRIA 

GRADIENT 
MITOCHONDRIA 

1st Respiratory Cycle 

State 3 
State 4 
RC 
ADP/O 
CN-INS 

35.7 + 8.1 
25.3 ± 5.4 
1.43 ± 0.12 
1 .22  +  0 .08  
16.3 + 2.0 
(n = 3) 

1 gradient 

97.5 + 26.0 
52.0 ± 14.0 
1.85 ± 0.005 
1.14 +0.05 
6.0 ± 1.4 
(n=2) 

2 gradients 

1 7 6 . 0  +  3 6 . 0  
98.0 + 22.0 
1.89 ± 0.015 
1.08 ± 0.09 
1.7 ± 0.85 
(n = 7) 

2nd Respiratory Cycle 

State 3 34 .0 
State 4 12 .0 
RC 2. 80 
ADP/0 1. 27 
CN-INS 6. 0 

(n= 1) 

114.0 + 31.5 
53.0 + 12.5 
2.09 ± 0.10 
1.22 + 0.035 
5.0 + 1.41 
(n = 2) 

196.7 + 36.0 
98.0 + 24.1 
2.42 + 0.21 
1 . 1 1  +  0 . 0 6  
1.43 + 0.70 
(n = 7) 



TABLE 2. Mean respiratory activities of washed and purified 
mitochondria from 2 day old soybean axes with 
alpha-ketoglutarate as substrate. Respiratory rates 
are expressed in nmoles oxygen/min mg-1 protein. CH
INS, cyanide-insensitive oxygen uptake, is expressed 
as percent of state 3 rates in the first and 
second respiratory cycles. 

WASHED 
MITOCHONDRIA 

GRADIENT 
MITOCHONDRIA 

1 gradient 2 gradients 

1st Respiratory Cycle 

State 3 
State 4 
RC 
ADP/O 
CN-INS 

19.1+2.07 30.05 ± 1.06 
12.4 + 2.26 16.5 + 3.5 
1.57 + 0.09 1.88 + 0.12 
1.77 + 0.017 2.11 + 0.21 
29.0 + 2.0 17.5 ± 3.89 
(n=7) (n=2) 

38.5 + 4.5 
18.4 + 1.9 
2.11 + 0.018 
2.08 + 0.22 
2.8 ± 1.95 
(n=5) 

2nd Respiratory Cycle 

State 3 
State 4 
RC 
ADP/O 
CN-INS 

2.8 48.0 + 1.41 
0.75 17.5 + 1.77 
0 . 2 1  2 . 7 0 + 0 . 2 0  
0.11 2.27 + 0 .10 
2.04 11.5 + 2.47 

(n=6) (n=2) 

2 5 . 2  
9.67 
2 . 6 0  
1.95 
2 0 . 6  

43.0 + 7.6 
16.5 ± 3.07 
2 . 6 6  +  0 . 3 8  
2.10  +  0 .22  
2 . 6  +  1 . 8 0  
(n=5) 



TABLE 3• Mean respiratory activities of washed and purified 
mitochondria from 2 day old soybean cotyledons with 
succinate as substrate. Respiratory rates are 
expressed in nmoles oxygen/min mg-1 protein. CN -INS, 
cyanide-insensitive oxygen uptake, is expressed 
as percent of state 3 rates in the first and 
second respiratory cycles. 

WASHED 
MITOCHONDRIA 

1st Respiratory Cycle 

State 3 
State 4 
RC 
ADP/O 
CN-INS 

29.9 + 
1 6 . 2  ±  
1.84 + 
I.17 + 
I I . 0  +  
(n=7) 

4.31 
2 . 0  
0.025 
0.025 
1 .08  

2nd Respiratory Cycle 

State 3 
State 4 
RC 
ADP/O 
CN-INS 

42.5 + 2.47 
14.5 + 1.06 
2.87 + 0.045 
1.35 + 0.02 
8.0 + 1.41 

( n  =  2 )  

GRADIENT 
MITOCHONDRIA 

1 gradient 2 gradients 

29.7 + 4.26 
14.0 + 1.9 
2.09 + 0.08 
1 .30  +  0 .10  
1 0 . 2  +  1 . 1 1  
(n=4) 

35.7 + 4.25 
12 .0  +  2 .0  
3.14 + 0.22 
1.50 + 0.11 
8 . 0  +  1 . 0  
(n = 3) 

54.3 + 1.4 
28.7 ± 1.41 
1.89 + 0.015 
1.36 + 0.045 
5.5 + 3.90 
(n = 2) 

6 5 . 6  +  5 . 6 6  
20.6 + 3.89 
3.30 + 0.35 
1.60 + 0.025 
4.0 + 2.8 
(n=2) 

3 gradients 

211.0 + 42 
94.6 + 19.9 
2.21 + 0.14 
1.23 + 0.09 
4.5 +—1.12 
(n=10) 

231.0 + 49 
86.5 ±~19.9 
2 . 6 2  +  0 . 2 6  
1.22 + 0.07 
3.9 ± 1.1 
(n=10) 



TABLE 4. Mean respiratory activities of washed and purified 
mitochondria from 2 day old soybean cotyledons with 
alpha-ketoglutarate as substrate. Respiratory rates 
are expressed in nmoles oxygen/min mg-1 protein. CN-
INS, cyanide-insensitive oxygen uptake, is expressed 
as percent of state 3 rates in the first and 
second respiratory cycles. 

WASHED 
MITOCHONDRIA 

1st Respiratory Cycle 

State 3 
State 4 
RC 
ADP/O 
CN-INS 

14.8 + 1.08 
6.3 + 0.41 
2.38 + 0.095 
2.23 + 0.065 
21.7 + 0.85 
(n ="!») 

2nd Respiratory Cycle 

State 3 
State 4 
RC 
ADP/O 
CN-INS 

20.0 + 0.85 
6.5 + 0.64 
3.11 ± 0.14 
2.30 + 0.14 
16.0 + 0.58 

(n="5) 

GRADIENT 
MITOCHONDRIA 

1 gradient 2 gradients 

22.6 + 0.71 
11.4 + 2.47 
2.16 + 0.48 
2.48 + 0.15 
1 9 . 0  +  2 . 1 2  
(n = 2) 

31.1 ± 1.41 
12.2 ± 2.47 
2.86 ± 0.71 
2.48 ± 0.15 
14.0 + 1.41 
(n = 2) 

55.7 ± 5.74 
2 0 . 0  +  2 . 8 6  
2.85 ± 0.155 
2.14 +0.11 
15.5 + 1.66 

(n=Ti) 

88.9 ± 14.5 
2 1 . 8  ±  3 . 1 2  
4.03 ± 0.08 
2.14 + 0.11 
10.0 + 1.35 
(n = 4) 

3 gradients 

80.3 ± 15 
27.2 + 4.8 
2.93 ± 0.1 
1.93 + 0.0 
10.7  ±  2 .0  
(n= 3) 

96.0 + 25 
28.6 + 5.9 
3.29 + 0.2 
1.93 ± 0.0 
9.3 ± 1.4 
(n = 3) 
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Figure 5. Percent cyanide-insensitive oxygen uptake in 
axis mitochondria with succinate as 
substrate. Values are means of three 
replicates of crude (0), two replicates of 
single gradient (1), and seven replicates of 
double gradient (2) mitochondria. 
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Figure 6. Percent of cyanide-insensitive oxygen uptake 
in axis mitochondria with alpha-
ketoglutarate as substrate. Values are means 
of seven replicates of crude (0) ,two 
replicates of single gradient (1), and five 
replicates of double gradient (2) 
mitochondria. 



33 

17771 1st CYCLE 
f=l 2nd CYCLE 30-

cr> 

rn 

No. of gradients 

Figure 7. Percent of cyanide-insensitive oxygen uptake 
in cotyledon mitochondria with succinate as 
substrate. Values are means of four 
replicates of crude (0), four replicates of 
single gradient (1), two replicates of 
double gradient (2), and ten replicates of 
triple gradient (3) mitochondria. 
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Percent of cyanide-insensitive oxygen uptake 
in cotyledon mitochondria with alpha-
ketoglutarate as substrate. Values are means 
of four replicates of crude (0), two 
replicates of single gradient(1), four 
replicates of double gradient (2), and 
three replicates of triple gradient (3) 
mitochondria. 



TABLE 5. Respiratory activities of purified mitochondria that 
exhibited total cyanide sensitivity. Respiratory rates 
are expressed in nmoles oxygen/min mg-1 protein. CN-
INS, cyanide-insensitive oxygen uptake, is expressed as 
percent of state 3 rates in the second respiratory 
cycle. All measurements are from axes after two 
gradients except for 5/1/87 sample which is from 
cotyledons after two gradients. 

Date 10/28/86 11/2/86 12/5/86 1/2/87 1/21/87 5/1/1 

Substrate Alpha -ketoglutarate Succinate 

State 3 36.4 65.9 36.0 195.0 230.0 57.5 
State 4 15.9 22.7 8.0 79.0 140.0 15.0 
RC 2.40 2.90 3-90 2.50 1.60 3.80 
ADP/O 2.30 2.60 1.60 1.30 1.00 1.60 
CN-INS 0 0 0 0 0 0 
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gradient steps. Single gradients reduced cyanide-

insensitive oxygen uptake in axis mitochondria to rates 

of 3 to 8% and in cotyledon mitochondria to rates of 6 

to 16%; double gradients resulted in rates of 0 to 8% in 

axis mitochondria and 0 to 14% in cotyledon 

mitochondria; triple gradients resulted in rates of 2 to 

11% in cotyledon mitochondria. The respiratory control 

and ADP/O values were slightly less in the studies with 

axes than with cotyledons which may be due to the 

partial uncoupling of these mitochondria. 

Axes and cotyledons both responded to succinate 

and alpha-ketoglutarate similarly (Tables 1, 2, 3» and 

4). State 3 and State 4 rates were always faster with 

succinate which is expected since electrons from 

succinate can enter the electron transport chain at 

Complex I and Complex II. Consequently, ADP/O values are 

lower with succinate since electrons that enter at 

Complex II bypass one phosphorylation site. The 

calculated cyanide-insensitive oxygen uptake rates are 

lower with succinate due in part to the high total 

respiration rates. 

Immunodiffusion Tests 

Results obtained with electrophoresis and 

lipoxygenase stain were inconclusive since none of the 

mitochondrial samples stained for lipoxygenase. However, 

the DBH stain was effective in specifically reacting 
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with the lipoxygenase control. The absence of any 

reaction with the mitochondrial samples was most likely 

due to the low concentration of protein used in these 

electrophoresis studies. As an alternative to 

electrophoresis, Ouchterlony double diffusion tests were 

used to assay mitochondrial samples for lipoxygenase. 

Double diffusion is a highly specific method for 

detecting lipoxygenase by the reaction that occurs with 

an antibody made to one of the lipoxygenase isozymes 

(Peterman, 1985). The theoretical basis for the test 

assumes that antigen and antibody placed in separate 

wells formed in agar, will diffuse outward and will bind 

to each other at their interface if the binding sites 

are complementary. A precepitin band forms at this 

interface and indicates the presence of the antigen. 

Double diffusion of crude mitochondrial samples from 

cotyledons against goat anti 1ipoxygenase-1 were 

positive with sufficient levels of protein. Purified 

lipoxygenase was used as a control and both 20 jug and 40 

jug reacted with antiserum. Reactions were observed 

between antiserum and 860 jug and 430 jug of sample but 

not with 287 jug or 215 jug sample. Crude mitochondrial 

samples from axes also gave positive results. Reactions 

were observed between antiserum and 767 jug and 383 A>g 

sample but not with 256 jug or 192 jug sample. These two 

tests indicate that lipoxygenase is present in crude 
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mitochondrial preparations from 2 day old cotyledon and 

axes tissue. Figure 9 illustrates the response of doubly 

purified mitochondria to the antiserum. Both cotyledon 

samples, 71 jug and 72 jug, were observed to react with 

the antiserum, whereas neither axis sample, 85 jag and 

190 jag, exhibited any reaction. Figure 10 illustrates 

the response of single and double gradient purified 

mitochondria against goat anti-lipoxygenase. The double 

purified mitochondria, which exhibited total cyanide 

sensitivity in polarographic studies, shows no reaction 

witn the antiserum. The protein concentration of this 

sample was 40 jug which is lower than the concentrations 

used in other reactions in this study. So it is possible 

that there was an insufficient amount of protein in this 

reaction. These results have shown that doubly-purified 

axis and cotyledon mitochondria whose cyanide-

insensitive oxygen uptake can be eliminated, also 

contain no measurable lipoxygenase. This is strong 

evidence implicating lipoxygenase as an active component 

of cyanide-insensitive respiration. 
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Figure g. Ouchterlony double diffusion showing no 
measurable lipoxygenase in cyanide-sensitive 
axis mitochondria. Wells, numbered clockwise 
starting at the top, contain (1) lipoxygenase 
(20 ~g); (2) double gradient axes mitochondria 
(65...ug); (3) 190J.lg; (4) lipoxygenase (10.ug); 
double gradient cotyledon mitochondria (71 
~g); and (6) 72 ~g against goat anti
lipoxygenase-1 (5 .ul) in center well. 
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Figure 10. Ouchterlony double diffusion showing no 
measurable lipoxygenase in cyanide-sensitive 
cotyledon mi tocnondria. Wells, numbered 
clockwise starting at the top, contain ( 1) 
lipoxygenase (20 l.lg); (2) single gradient 
cotyledon mitochondria ( 100 ..ug); (3) 150 ..ug; 
(4) lipoxygenase ( 10 l.lg); (5) double 
gradient cotyledon mitochondria (40 ~g); and 
( 6) 1 ipoxygenas ( 5 JJg) against goat anti
lipoxygenase (2.5 ~1) in center well. 



CHAPTER 5 

DISCUSSION 

A major problem with studies aimed at measuring 

the degree of cyanide-insensitive respiration in 

-isolated mitochondria is the frequent occurrence of 

contaminating oxidases that can lead to erroneous 

conclusions. There are several reports in the literature 

which discuss the difficulties encountered when trying 

to obtain a contaminant-free mitochondrial preparation 

for measuring cyanide-insensitive respiration. Shingles 

et al (1982) and Siedow and Girvin (1980) reported that 

a single density gradient centrifugation could only 

remove 90% and 85%, respectively, of the lipoxygenase 

from their isolated mitochondrial pellets. Neuburger et 

al (1982) found catalase and lipoxygenase activity 

remaining in their purified mitochondria even after two 

density gradient centrifugations. Sucrose gradients 

were compared to Percoll^ gradients and found to be less 

effective than Percoll^ at removing contaminating 

oxidases from washed mitochondria. Consequently, 

PercollR seems to be a more effective material for 

"cleansing" the mitochondrial outer membrane. The PVP-

41 



42 

coated silica sol (Percoll^) seemingly has a high 

affinity for lipoxygenase since the mitochondria in 

these studies migrated to a density gradient band while 

leaving behind the lipoxygenase with which it was 

previously associated. Likewise, the results presented 

in this thesis demonstrate the progressive removal of 

contaminants with each PercollR density gradient 

centrifugation as judged by the reduction in cyanide-

insensitive oxygen uptake and by the improvement of 

respiratory activity after each step. 

Attempts to distinguish the oxygen uptake in 

mitochondrial samples which is due to contaminating 

oxidases from that which can be attributed to an 

alternative oxidase, have been a subject of controversy. 

Linoleic acid has routinely been used to demonstrate the 

presence of lipoxygenase in mitochondrial samples. 

However, Dupont et al (1982) presented evidence that 

linoleic acid preparations often contain high amounts of 

linoleic acid hydroperoxide which can be oxidized by 

heme compounds and is less likely to be oxidized by 

lipoxygenase than is anaerobically prepared linoleic 

acid. These results may explain why some studies 

demonstrate conflicting data when exogenous linoleic 

acid was added to isolated mitochondria. Anaerobic 

linoleic acid solutions were used in these studies and 

elicited no reaction in cyanide-sensitive mitochondrial 
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preparations but did result in an oxygen consuming 

reaction in mitochondrial preparations which exhibited 

cyanide-insensitive oxygen uptake. 

Inhibitors of the cyanide - i n s e nsitive 

respiration have been shown to have a similar effect on 

lipoxygenase. This has led some investigators to search 

for a compound that can discriminate between these two 

activities and thereby prove the existence of two 

separate oxidases. Disulfuram has been proposed as a 

discriminating inhibitor (Grover and Laties, 1951; 

Miller and Obendorf, 1981) however, subsequent reports 

(Rustin et al, 1983; Stelzig et al, 1983) demonstrated 

that disulfuram is a common inhibitor of alternative 

oxidase and lipoxygenase. When disulfuram was added to 

mitochondrial samples that were oxidizing linoleic acid, 

inhibition of this lipoxygenase reaction was observed. 

All residual oxygen uptake was inhibited by propyl 

gallate which suggests that disulfuram may act as a free 

radical scavenger rather than as a lipoxygenase specific 

inhibitor. 

There is still a general agreement among the 

workers in this field that mitochondrial preparations 

may contain contaminating oxidases which can account for 

all or part of the cyanide-insensitive oxygen uptake. 

However measurements of mitochondrial respiration 

continue to be made without careful purification methods 
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or attempts to assay for contaminants. These studies 

demonstrate that Ouchterlony double diffusion is a 

highly specific method for correlating lipoxygenase 

activity with cyanide-insensitive oxygen uptake. This 

same principle could be modified for quantitative 

measurements with an enzyme-linked immunosorbant assay 

(Yabuuchi et al., 1982) to determine whether the 

reduction in cyanide-insensitive respiration with each 

gradient purification step correlates significantly with 

the reduction of lipoxygenase after purification. 

Recent reports have indicated that immunology 

with anti-lipoxygenase IgG is an effective technology 

with several applications. Polyclonal antibodies have 

been raised against soybean lipoxygenase (Ramadoss and 

Axelrod, 1982; Vernooy-Gerritsen et al, 1982, 1983; 

Yabuuchi et al, 1982) and have been used to study the 

immunological similarities between lipoxygenases from 

different plant sources (Trop et al, 1974), for cellular 

localization using immunofluorescence (Vernooy-

Gerritson et al, 1983), and for screening the USDA 

soybean germplasm collection for lipoxygenase-free 

varieties (Hildebrand et al, 1981). Immunoelectron 

microscopy (Vernooy-Gerritsen et al, 1984) has shown 

tnat 1 ipoxygenases-1 and -2 are both localized in the 

cytoplasm of storage parenchyma cells which agrees with 

the findings from these experiments that show 
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lipoxygenase is only transiently associated with the 

mitochondria and can be removed with careful 

purification. 



APPENDIX A 

Mean respiratory activities of washed mitochondria from 
germinating cotton and lettuce seeds with alpha-
ketoglutarate as substrate. Respiratory rates are 
expressed in nmoles oxygen/min. CN-INS, cyanide-
insensitive oxygen uptake, is expressed as percent of 
state 3 respiratory rate. 

COTTON LETTUCE 

State 3 
State 4 
RC 
ADP/O 
CN-INS 

41.7 ± 9.0 
20.2 ± 6.5 
2.17 ± 0.37 
1.84 ± 0.0b 
32 .0  ±  10 .2  
(n=4) 

35.2 ± 10.5 
17.0 + 3.5 
2.03 + 0.17 
1.77 + 0.18 
26.5 ± 9.0 
(n = 6) 
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