
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/5246254

Regulation of cardiac mitochondrial monolysocardiolipin acyltransferase

activity and expression during development in fetal alcohol syndrome

Article  in  Proceedings of the Western Pharmacology Society · February 2007

Source: PubMed

CITATIONS

2
READS

92

4 authors, including:

Some of the authors of this publication are also working on these related projects:

Hemodynamics of splanchnic bed View project

Development of type II diabetes View project

Dallas Legare

University of Manitoba

66 PUBLICATIONS   1,517 CITATIONS   

SEE PROFILE

Wayne Lautt

University of Manitoba

225 PUBLICATIONS   6,813 CITATIONS   

SEE PROFILE

Grant M. Hatch

University of Manitoba

250 PUBLICATIONS   6,803 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Wayne Lautt on 01 June 2014.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/5246254_Regulation_of_cardiac_mitochondrial_monolysocardiolipin_acyltransferase_activity_and_expression_during_development_in_fetal_alcohol_syndrome?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/5246254_Regulation_of_cardiac_mitochondrial_monolysocardiolipin_acyltransferase_activity_and_expression_during_development_in_fetal_alcohol_syndrome?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Hemodynamics-of-splanchnic-bed?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Development-of-type-II-diabetes?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dallas-Legare?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dallas-Legare?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Manitoba?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dallas-Legare?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Wayne-Lautt?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Wayne-Lautt?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Manitoba?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Wayne-Lautt?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Grant-Hatch-2?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Grant-Hatch-2?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Manitoba?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Grant-Hatch-2?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Wayne-Lautt?enrichId=rgreq-62fe7db3b82577566ca0cf1a2e774f83-XXX&enrichSource=Y292ZXJQYWdlOzUyNDYyNTQ7QVM6MTAzMTI4NzYyNDIxMjcwQDE0MDE1OTkyMjE5MzI%3D&el=1_x_10&_esc=publicationCoverPdf


Proc. West. Pharmacol. Soc. 50: 115-118 (2007) 

Regulation of Cardiac Mitochondrial Monolysocardiolipin Acyltransferase Activity and Expression 
  During Development in Fetal Alcohol Syndrome 

William A. Taylor1, Dallas Legare1, W. Wayne Lautt1 and Grant M. Hatch1,2*  
1Departments of Pharmacology and Therapeutics, 2Biochemistry and Medical Genetics, Center for Research and Treatment of 

Atherosclerosis, University of Manitoba, Winnipeg, Manitoba, Canada 
*E-mail:hatchgm@ms.umanitoba.ca 

ABSTRACT 
Fetal alcohol syndrome is a serious developmental 
disorder and exposure of the fetal heart to alcohol 
results in disturbances in the biochemistry of all 
cellular substructures. Mitochondrial effects include 
diminished respiratory function and physical alteration 
of the membrane secondary to interaction of ethanol 
with the hydrophobic region of the bilayer. Cardiolipin 
is a major mitochondrial membrane phospholipid in 
the heart and plays an important role in the function 
of mitochondrial enzymes involved in cellular 
respiration. We examined the activity of cardiac 
monolysocardiolipin acyltransferase, a key enzyme 
responsible for the molecular remodelling of 
cardiolipin with new fatty acids, in the newborn and 
adult rat and in new born rats that were exposed to 
alcohol in utero. Cardiac monolysocardiolipin acyl-
transferase activities were 57% lower (p<0.05) in 
adult rats compared to newborn rats. Cardiac 
mitochondrial monolysocardiolipin acyltransferase 
activities were 36% lower (p<0.05) in newborn rats 
that were exposed to alcohol in utero and this was 
due to reduced mitochondrial monolysocardiolipin 
acyltransferase expression. The results indicate that 
cardiac mitochondrial monolysocardiolipin acyl-
transferase activity declines during postnatal 
development in the rat and that in utero exposure to 
alcohol inhibits cardiac monolysocardiolipin acyl-
transferase activity and expression. 

INTRODUCTION 
Cardiolipin (CL) is a major membrane glycerol-
phospholipid of mammalian mitochondria and in the 
rat heart comprises approximately 15% of cardiac 
glycerophospholipid by weight [1]. CL was shown to 
be required for the reconstituted activity of a number 
of key mammalian mitochondrial enzymes involved in 
cellular energy metabolism. CL interaction with these 
proteins appeared to be specific since substitution 
with other mitochondrial phospholipids (for example, 
phosphatidylcholine and phosphatidylethanolamine) 
did not fully reconstitute activity [2]. Under 
experimental conditions in which CL was removed, 
denaturation and complete loss in activity of many of 
these proteins was observed. The hydrophobic 
double unsaturated linoleic 1,2-diacyl-sn-glycerol 
species appeared to be an important structural 
requirement for the high affinity protein binding of CL  

 
[3]. The fatty acid side chains and the molecular 
composition of CL were shown to be in part 
dependent upon the type of fatty acids provided in the 
diet [4]. Dietary modification of the molecular species 
composition of CL was shown to alter the oxygen 
consumption in cardiac mitochondria [5,6]. The 
activity of delipidated rat liver cytochrome c oxidase 
was reconstituted by the addition of CL. In addition, 
the specific activity of the reconstituted cytochrome c 
oxidase varied markedly and significantly with 
different molecular species of CL. Thus, maintenance 
of the appropriate molecular composition of CL in 
mammalian mitochondria is essential for optimum 
mitochondrial function. The unsaturated linoleic 1,2-
diacyl-sn-glycerol species is achieved in part by the 
remodelling of CL by a deacylation-reacylation 
process (Fig. 1). Monolysocardiolipin acyltransferase 
(MLCL AT) is a key enzyme for the molecular 
remodelling of CL with unsaturated fatty acyl-
Coenzyme A in cardiac mitochondria [7]. 

Figure 1. Remodelling of mitochondrial CL by the deacylation-
reacylation pathway. 

Fetal alcohol syndrome (FAS) is a serious 
developmental disorder first described in France in 
1968 [8]. The fetus is particularly susceptible to 
alcohol because of low fetal hepatic alcohol 
dehydrogenase activity [9]. Exposure of the heart to 
alcohol results in disturbances in the biochemistry of 
all cellular substructures. Mitochondrial effects 
include diminished respiratory function and may 
involve physical alteration of the membrane 
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secondary to interaction of ethanol with the 
hydrophobic region of the bilayer. In light of the fact 
that the electrical signals in the heart are conducted 
across all cellular membranes, alterations in the 
activities of the enzymes that remodel CL in the 
mitochondrial membrane may affect membrane 
properties which will have direct consequences for 
the maintenance of cardiac rhythm. In this study, we 
examined the activity of cardiac mitochondrial MLCL 
AT, a rate-limiting enzyme responsible for the 
molecular remodelling of CL with new fatty acids, in 
new born and young adult rats and rats exposed to 
alcohol in utero.  
MATERIALS AND METHODS 
Young adult Sprague-Dawley rats (150-175 g body weight) were 
maintained on Purina rat chow and tap water ad libitum, in a light- 
and temperature-controlled room. Timed-pregnant Sprague-
Dawley rats were maintained on rat chow and the experimental 
group exposed 10-15% ethanol added to the drinking water. 
Virgin females were exposed to ethanol for 2-5 days before 
conception and ethanol exposure was continued throughout 
gestation. New born rats were utilized one to four days after birth. 
Treatment of animals conformed to the Guidelines of the 
Canadian Council on Animal Care. 
For assay of MLCL AT activities, the animals were sacrificed and 
the heart was removed and a 10% (w/v) rat heart mitochondrial 
fraction was prepared by homogenizing the heart (Polytron 20 sec 
burst) in 0.25 M sucrose, 10 mM Tris-HCL, pH 7.4, 2 mM EDTA 
followed by differential centrifugation. The homogenate was 
centrifuged at 1,000 x g for 20 min and the resulting supernatant 
centrifuged at 12,000 x g for 10 min. The pellet obtained from this 
centrifugation was washed once in homogenizing buffer and then 
resuspended in 1-2 ml of homogenizing buffer using a tight fitting 
Dounce A homogenizer and designated the crude mitochondrial 
fraction. Rat heart mitochondrial fractions (50 μg) were incubated 
for 10 min at 25oC in 50 mM Tris-HCL, pH 8.5, 117 μM [1-
14C]linoleoyl-Coenzyme A, 0.3 mM monolysocardiolipin in a final 
volume of 0.35 ml. Analysis of radioactivity incorporated into CL 
was performed as described [10]. Student's t-test was used for 
the determination of significance. The level of significance was 
defined as p<0.05. Western blot analysis of mitochondrial MLCL 
AT was performed as described [11]. 

RESULTS AND DISCUSSION 
We initially examined rat heart mitochondrial MLCL 
AT activities in newborn and young adult rats. Hearts 
were isolated from newborn and young adult rats and 
mitochondrial fractions were prepared by subcellular 
fractionation. MLCL AT activities were determined 
using [1-14C]linoleoyl- and mono-lysocardiolipin as 
substrates. Linoleoyl-Coenzyme A was used since 
cardiac CL contains a significant amount (>80%) of 
linoleic acid molecular species. Cardiac MLCL AT 
activities were 57% lower (p<0.05) in adult rats 
compared to newborn rats (Fig. 2) indicating that 
cardiac mitochondrial MLCL AT activities decline 
during postnatal development. 

We then examined rat heart mitochondrial MLCL AT 
activities and expression in newborn rats that were 
subjected to fetal alcohol exposure. Mitochondrial 
MLCL AT activities were 36% lower (P<0.05) in 
newborn rats that were exposed to alcohol in utero 
(Fig. 3A). This coincided with a reduced amount of 
mitochondrial MLCL AT protein expression (Fig. 3B). 
Thus, direct fetal alcohol exposure in utero inhibits 
MLCL AT expression. 

Figure 2. Mitochondrial MLCL AT activities in newborn and adult rat 
hearts. MLCL AT activity was determined in mitochondrial fractions 
prepared from adult and newborn rat hearts. Each point represents 
the mean + standard deviation of three experiments performed in 

duplicate, *p<0.05. 

0

20

40

60

80

100

120

140

160

Newborn Adult

pm
ol

/m
in

/m
g

Several studies have indicated an important 
association between molecular remodelling of CL and 
mitochondrial function. For example, the in vivo rate 
of CL molecular remodelling was altered in CCL16-B2 
cells, a Chinese hamster ovary cell line deficient in 
oxidative energy consumption [12]. CL molecular 
remodelling was elevated in C. trachomatis-infected 
HeLa cells in which mito-chondrial 
glycerophospholipid metabolism was elevated 
[13,14]. The sensitivity of rat liver CL to peroxidation 
increased with age and was in part attributable to the 
replacement of linoleic acid with the more readily 
peroxidizable 22:4 and 22:5 molecular species [15]. 
Peroxidized CL was ineffective in restoring 
mitochondrial cytochrome c oxidase activity in aged 
rats, suggesting that peroxidized CL was unable to 
interact and activate this enzyme [16].  

Free fatty acids are increased in rat plasma during 
development [17]. In addition, weaned rats are 
exposed to a high carbohydrate low fat diet chow 
which contains long chain fatty acids. This is in 
contrast to newborn rats which are exposed to breast 
milk which is rich in triacylglycerols and short and 
medium chain fatty acids. The reduction in rat heart 
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mitochondrial MLCL AT activities during postnatal 
development to young adult might be a com-
pensatory mechanism to regulate long chain fatty 
acid incorporation into cardiac CL since this process 
to some extent may be dependent on dietary fatty 
acids [5,6]. Alternatively, the observed in vitro 
reduction in linoleoyl-Coenzyme A incorporation into 
CL may simply be a normal phenomenon of the 
developmental process.  

Figures 3A & 3B. The effect of fetal alcohol exposure (FAS) on 
mitochondrial MLCL AT activities and expression in newborn rat hearts. 
Timed-pregnant virgin Sprague-Dawley rats were treated plus or minus 
10-15% ethanol in the drinking water. The females were exposed to 
ethanol 2-5 days before conception and ethanol exposure was continued 
throughout gestation. Cardiac mitochondrial fractions were prepared four 
days after birth and MLCL AT activity and expression determined as 
described.  
A. Cardiac mitochondrial MLCL AT activity. Data are the mean + standard 
deviation of three experiments performed in duplicate, *p<0.05.   
B. MLCL AT protein expression. A representative western blot is 
depicted. Lane 1, control; Lane 2, Alcohol exposed hearts.  

A different scenario may be present in FAS. It has 
previously been suggested that physicochemical 
alterations in phospholipid-containing membranes 
may lead to either a decreased or more vigorous 
attack of phospholipases leading to membrane 
damage [18]. Such changes in the membrane might 
be mediated by differences in fatty acids presented to 
the fetal heart as a result of alcohol in the maternal 
diet or directly by interaction of ethanol with fetal 
membranes. The reduction in cardiac mitochondrial 

MLCL AT activity in new born fetal alcohol exposed 
rats could be the result of such ethanol-induced 
membrane alterations or inhibition of the enzyme by 
metabolites of alcohol such as fatty acid ethyl esters 
which are known to accumulate in the fetal heart [19]. 
In addition, fatty acid ethyl esters are known to alter 
protein expression and have been shown to bind to 
mitochondria in intact cells and uncouple oxidative 
phosphorylation in mitochondrial preparations in vivo 
[20, 21]. Thus, the reduced MLCL AT activity in fetal 
alcohol exposure could be due to a fatty acid ethyl 
ester-mediated alteration in activity, protein 
expression or both.  Such possibility notwithstanding, 
our data can be explained by a decrease in protein 
expression alone. 

In summary, rat heart mitochondrial MLCL AT 
activities were higher at birth and declined in 
adulthood indicating a developmental regulation of 
mitochondrial MLCL AT activity. Fetal alcohol 
exposure results in a reduction in mitochondrial MLCL 
AT activity and protein expression in the new born rat 
heart. Thus, maternal alcohol intake may result in a 
reduction in the ability of the newborn rat heart to 
remodel CL.   
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