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Abstract

ABSTRACT

Diabetes is the most common metabolic disease in the wOvlel 906 of diabetic
patients are diagned withtype 2 diabetesAlthough the primary cause of diabetesiat
known insulin resistancandpancrea t i-cell faflure are considered important factons
the development of type 2 diabetddoth characteristics of type 2 diabetes may be
triggered by mitochondriadlysfunction Alcoholism isknown as a risk factor for type 2
diabetes. Excessiva chronc alcohol consumption leads to incredssidative stresand
mitochondrial dysfunctionn b-cells. Prohibitin (PHB) is an evolutionarily conserved
proteinthat playsa roleas a mitochondrial chaperan@though it hasantioxidanteffects

in several celtypes, itsrolei n p a n callgsanot knownb

In this thesis we have investigatedthe role of prohibitin inethanol(EtOH) treated
pancreati®-cells The specific aimsvere to determine
(@) the effects oéthanol on prohibitiexpression n-celts,
() the distribuzxelspn of prohibitin in b
(c) the effect of prohibitin on alcohol dehydrogenase (ARK)ression n-cels
(d) the effects of prohibition mitochondrial functiom n-celts
(e) the role of pohibitinin -cell survval,

(f) the effect of prohibitiron insulin secretian
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To address thee aimsmitochondrid dysfunctionwas inducedn RINm5F and INSLE
p a n c r edl tinesby trbatment withethanol, which has beemownin other cell types
to cause oxidate stress and apoptosis. Fistdogenous PHBras determined by western
blot and real timgolymerase chain reactioRCR in RINm5F rat insulinoma cellsThe
cellular distribution of PHB was visualizedising immunocytochemistry andurther
confirmed uang western bloof different celular fractions.Alcohol dehydrogenasé@\DH)
expression was detected by western blot and real time RERell, the metabolism of
ethanol was determindxy assayingthanolinducedADH activity as well as byneasuring
etharol concentration left incell culture media after 24 h incubation. Mitochondrial
function was determined using various methods includia@,3-dimethylthiazol2-yl)-
2,5diphenyttetrazolium bromide (MTT) reduction, reactive oxygen species (ROS)
production uncoupling protein 2 (UCP2) expressioagenosine triphosphateATP)
production, mitochondrial respiratory complex activity, and mitochondrial membrane
potential. The interaction of PHB to mitochondrial proteins was examined by
immunoprecipitation (IP)Cell death vas monitored byflow cytometry analysis with
fluorescein isothiocyanate (FIT@nnexin V stainingand Hoechst 33342 nuclear staining.
The pathway involved in apoptosigas identified by immunoblot foactivation of eJun
N-terminal kinase JNK), expression ofthe proapoptotic protein Baxand the cleaved
caspase3 assayThe effe¢ o f prohi bitin ecalswasdsterrhined secr e
usinga rat insulin enzyme linked immunoasg&y.ISA).

PHB was expressed imcells under normatulture conditiors and celocalized with
the nuclear probeHoechst 33342 in the nuclewmnd with the mitochondrial probe

Mitofluor in the perinuclear areaEthanol treatment increased PHB expressmb-cells
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and induced PHB translocation from the nucleus to the mitochondiieohol
dehydrogenase SADH5) was expresseih pancreatid-cells andincreased with ethanol
incubation.In addition, the total ADH activity was increasedn ethanol treated-cells,
MTT reductionand ATP production decreased, whereas ROS, UBBRK, Bax and
cleaved caspase levels increasedthanol treatment deeasé the interactionof PHB to
mitochordrial proteinsimpaired the activity of mitochondrial respiratory complexesuhd
IV, andresuled in a reduction of mitochondrial membrane potential.addition, flow
cytometry analysiof RINmS5SF cells showedncrease apoptasis, while Hoechst 33342
nuclearstaining showedmall and condensatdicle after ethanol treatmenin INS-1E rat
insulinoma cells, ethanotlecreased glucose induced insulin secretiBrogenously
applied PHB oPHB overexpressioattenuated BH activity, prevened the deleterious
effects of ethanol on mitochondria and protechexin the apoptotic effects of ethanol
whereas PHB knockdowusing small interferindRNA (siRNA) of PHB enhancectthanol
inducedapoptoticeffectson both pancreatib-cells In addition, PHBincreased the lel®
of the transcription factorspancreatic and duodenal homeobox 1(PDXand wvmaf
musculoaponeurotic fibrosacoma oncogene homolog A (MafhA¢. aggregate result was
a restoration of glucose induced insulinsecteon by PHB i n et hanol exp

cells

In conclusion, ethanol causes mitochondrial dysfunction in pancrediicells by
impairing mitochondrial complexes | and IV, and induapsptosis via the JINK pathway.
Theseharmful effects ofethaml result in a reduction of insulin secretion. PHB prevents

ethanolinduced mitochondrial dysfunction, apoptesend b-cell failure by stabilizing

-iv-



Abstract

mitochondrial complexes | and IV and partially inhibiting ADH activity during ethanol
metabolism.PHB in itelf increases the levels bfcell transcription factorsAs a result,

PHB restore@sulin secretion in ethanol exposed pancrdaiells.
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Introduction

|. INTRODUCTION

Research rationak

Diabetes is a very common metabolic disease characterized by insulin resistdnce
hyperglycemialn type 2 diabetes,igh blood glucose occurs wheamr e a tcellsfailb
to compensate for insulin resistanPea n ¢ r edl tyisfenctibn igecognized aanearly
eventin the development of type 2 diabetgd. The increasing prevalence of type 2
diabetes is atitoutedto unhealthylifestyle choices, which includekinghigh calorie diets,
lack of physical activity, and smoking. These factors are also associated with oxidative

stress and mitochondrial dysfunction

Although moderate alcohol consumption magve health benefitf2, 3], excessive
alcohol consumptiorhas been reporteds a risk factor fortype 2 diabeteg3]. The
diabetogenic effects of ethanol mée due toexceswe caloric intake and obesity,
inductionof pancreatitis, and impairment of liver functipt]. Recentarimal studes have
shown that ethanol increases insulin reéaiece inperipheral tissues such éger and
skeletal musclg5-7]. In humars, insulin secretion waseported to bedecreased in
association wittabnormal glucas toleranceamongpatientswith chronic ethaneinduced
pancreatitis[8]. In addition severalstudies have proposed thagtthanol directly inhibits
insulin secretion inhamsterinsulinoma tumor (HIT)b-cells, isolated rat isletsand
perfused rat pancred9-12]. On the other handhere have beenontradictory reports
sometimes from the sangeoups, of ethanol augmentin@3, 14] inhibiting [15] glucose

induced insulin secretiona n d p r icelis mogglucbse stimulatiorjl6]. These

-1-



Introduction

contradictory reports may be explained by methodologiaahtiors such aglifferentcell

lines, different ethanol concentratis@and exposure timeOne ecent study reported that
ethanol inhibitsb-cell metabolic activityas judged byhe MTT assaywithout increasing

cell death12]. Presumablythe effectof ethanol orb-cells ismediated byoxidative stress
resulting fromethanolmetabolisml n RI Nm5F cel |l s, anti-eeki dant
survival against hydrogen peroxide induced oxidative sffedsHowever, #houghboth
oxidative and non oxidative pathwagf ethanol metabolismare present in thexocine
pancreas[18], pathways of ethanol metabolism have beerorlyo characterized in
pancreatich-cells An earlier report documented the presence of alcohol dehydrogenase
(ADH) in human endocrine pancreas using immunohistochemistry, but did not determine
the cell type involved19]. Similarly, some ADH isoforms havgeen detected imurine

islets[20] and human pancreatic isl¢®l], but their function has not been determined

Even thoughthe mechanisms are not cle#ine adverseeffects of ethanolcould be
attributed eitherto direct toxigty of ethanol otto indirect effecs involving its metabolites
and generation ofeactive oxygen specidR0OS)[22, 23] Epidemiological studies have
swggested that ADH polymorphism mayfluence the risk for typ 2 diabetes through
metabolitetoxicity [24-26]. Excessive alcohol consumption increases the production of
ROS as well as mitochondrial dysfunction irelivand brain tissues, which in turn leads to
cell injury [27-29]. Mitochondrial glutathione (GSH) plays a critical role in the protection
of mitochondria from ROS attack in mitochondrial complexes. In chronic eftifiash rats,

the level of liver mitochondrial GSH was significantly decredSédl
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Although ROS can beuseful as signang molecule in coordinating and regulaig
some cellular sigieg pathways under normal physiological condisdB81, 32] they
becometoxic oxidant moleculesif produced excessivelgndoverwhelm the cellular anti
oxidant systemg33]. Accumulated ROS in the mitochondnmay be released tdhe
cytoplasm,and maylead to secondary damages such as the impairment of transport
mechanisms, ion channel modification, lipid peroxidation, modification of essential
proteins and DNA damagethese all happen in different cellular compartments.
Furthernore, the damage occurg to mitochondrial metabolism may accentuate oxidative
damage so that it activates cellular death pathways resulting in apoptosis. Increased ROS
production is one of the earliest events in glucose intolerance and it may be aismechan
of p an eelleysfunction irbtype 2 diabetes s-celbs are particularly vulnerable to

oxidative stress due to their insufficient amxidantcapacity]34-36].

Prohibitin (PHB) is a 30 kDa evolutionlgrconserved multifunctional protein and is
present in multiple cellular compartmen7], which include the nucleug8], plasma
membrane, and mitochondria, as well as in lipid droplets shed from adip{89tesd in
the circulation[40, 41] Originally, PHB was identified as a tumor suppressor in liver
tissue[42]. In following reports, the tumor suppressor role of PHB was attributedice 3 6
untransl ated r egi onAréteothaitRe) PHB grotetn its¢f3,R4H B mMR N
Later on, PHB was also reported as a negative regulator of cell[d#;1d5] Recently,
PHB has also been shown to be impgkchin the regulation of transcriptiof88],
apoptosis, and signal transduction in the-Ras pathwayf46, 47] As well, PHB has been

reported to function as an aitiflammatory moleculd48] and a ligand imding site at the
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plasma membrand9, 50] However, the best characterized PHB role in the cell is that of
a chaperone involved in the assembly of subunits of respiratory complexes in the

mitochondrig51, 52]

Thererefore,tiis possible that PHB, in its role as a mitochondrial chaperone, protects
cells against oxidative streas reported in yeaf2]. It is not knownhowever, if PHB is
expressed or pl aycels dhustleloerali goal gb this thesiewas ioc b
investigate the effect of prohibitin dncell dysfunction caused by oxidative stregsing
as a paradigm theadverseeffects of ethanolThe first objective was to investigate the
expressionand arti x i dant ef fect s -odls elpbkBd to ethanplaThec r e at i
secondobjectivewas to investigatéhe mechanisma by whichPHB protecspancr eat i ¢ b

cellsagainstethanol.
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Literatur e review

1. Pancreas Structure and Physiology

The pancreas isn@ ofthe mgor endocrine organs imammals It was firstdescriled
by the Greek anatomist Herophilust is an elongatedaperingretroperitoneabrgan of
about 12- 15 cm in lemgth, lying in the abdominal cavitigehind the stomacfb3]. It is
divided into three regionswhich are called thénead, body and tail. The head as
expanded portioftying close to the shaped region of the duodenuirhe body and tail
extend across the midline of the bdadyard the hilum of the spleen. The pancreatic duct
is connected tothe duodenumthrough which pancreatic juices secretd into the
duodenum.The mancreas containboth endocrineand exocrine tissues Primarily, it

participates in digestion and the hormonal regulation of blood glucose [88e84]

The exocrine tissue of the pancraasknown as thetubuloacinar glandwhich is
organised like bunches of grapes. It consistisath acinar cels and duct cefi responsible
for food digestion The exocrine tissués sprinkled withthe smallerendocrine glands,
termed theislets of Langerhan§s3, 54] The acinar cells of exocrine tissugroduce
digestive enzymes and alkaline fluidwhich is named pancreatic juice, argkcretes
pancreatic juice into the small intestine through exocrine ducts in response to small
intestine hormonegsuch ascholecystokinin and secrejin Digestive enzymegontain
trypsin, chymotrypsin, pancreatic amylase and lipasether digestion oftarbohydratg

proteirs and fat. Thusthe pancreatic juicecan digest macromoleculesnto smaler



Introduction

moleculesand neutralize the acid chyme arriving from the stomatte digested small

molecuesaremostly absorbed along the small intes{ib®, 54]

In contrast to the exocrine pancredbge endocrine pancreas is made up of
approximately one million cell clusters called islets of Langerhanthe islets of
Langerhans were first discovered in 1869thg German anatomist Paul Langerh§bs].
Isletsare scattexd throughout the exocrine parttbe panceas and comprise only346 of
the whole pancreatic masf54]. Isles are composedf five main cell typesi.e. Ucells
(15-20% of total islet celly, b-cells (65-80%), t-cells (3-10%), -cells (1%), and PRcells
(3-5%). U-cells produceglucagon which increase® | ood gl u eclsprodice v el ;
insulin, which decreases bloalucose level;U-cells produce ematostatinwhich inhibits
U afncdll secretion as well as exocrine secretion from acinar and duct REltsls
producepancreatic polypptide which essentially inhibits exocrine pancreatic secretion;
andUcells produceghrelin, which stimulates appetite and growth hormone relf668].

The endocrine tissuanainly participates irthe regulation of glucose homeostasend
secretes its hormos@nto the blood streamvia exocytosisin response tautrients, among

which glucose has a predominant rid].

2. Diabetes

2.1 General
Diabetes is aery common metabolic disease characterizetiyperglycemiaAt the
beginning ofthe year2000, he prevalence of diabeteschbeen estimatetb be around

2.8% of the totalworld population[59]. Unlike in the past several dades[60], the

-6-
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prevalenceof diabeteshas beemapidly increasing regardless of agad striking botthe
developedanddevelopng countries[61]. Thus, diabetes is a major public hegitloblem
at this pointin time. The rapidy increasing prevalence brisgerious concemsito health
care systemeecause of increasing risk f@rematuredeath and serious complications
resulting from severe damageblood vessalin the eyes, kidneys, the heartd nerous

system

Recently, he World Health Organization predict thatthe worldwide number
patientswith diabeteswill increase from 171 million to G million by 225 [61-63].
Moreover,diabetes constitutes B)% of all healttcare costs in the western world and the
majolity of these costs ardue to @hbetic complicationd64]. For example the total
estimatedcost of diabetesin the Unites States amountéd $ 174 billion in 2007,
accouning for aboutonetenth ofall healthcare expenditur§85]. Thesecoss will likely
increase irthenear future not onlin the Unites Statelsut alsoin other countriesDiabetes
is a heterogenouand complex diseasprimarily falling into the two broad categories of

type 1 and type 2 diabetd§9].

2.2 Type 1Diabetes
Type 1 diabetes accounts forlB% ofall diabetescasesAlthough thereal causeof
type 1 diabetes istill elusive this conditionis known as an autoimmusraediateddisease
in which the immune systentonsides pancreatichb-cells as foreignand destroyghem
leading toar e d u c t -ceth mass®$ a cbnsequence, type 1 diabeteis overt formis

characterized bybsolute insulin deficiaay [66]. The lack of insulin leads to increased
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blood and urine glucoseMels. The classical syptoms of type 1 diabetes are polyuria,
polydipsia, polyphagia, and weighbss Patiens with type 1 diabetes have to take
exogenous insulin for survivednd to prevent the development of ketoacidof®].
Another feature ofyppe 1 diabetes ithe typica) but not invariablegarly onset{before 25

age)in comparisorio type 2 diabetes

2.3Type 2 Diabetes

Type 2 diabtes is themost common form of diabeteand accounts for more than
90% of all patientsvith diabetes |t is alsoknown as adult onset diabetes because of its
classicallylate onsetcompared to type #@liabetesHowever, this term is not ceect any
more dueto the increased incidea of type 2 diabetes among youngdividuals often in
association withobesity It was repord in the mid2 0 0 Ghatsl7% of children in the
United States between ages 2 and 19sy@are overweight andt risk fordevelopng type
2 diabetes in the futufé7]. This change mape cause by pronounced changes in ohan
human lifestyle$59]. The increasing pralence of type 2 diabetes may also be associated
with increasingprevalencef metabolic syndromey conditioncharacterized biigh blood
pressurgovemveight insulin resistanceglevatedserumtriglycerides, andreducedserum
high density lipoproteincholesterol[60]. Although metabolic syndromes not a direct
causefor diabetes, it has been knowm bean indicator forfuture development of type 2
diabetes. Type 2 diabetbgginswith insulin resistancén pheripheral tissuesuch aghe
liver andskeletd muscle,which show a reducetksposeto insulin The disease gradually
progressefo the pointwhere the pancreatfecells do not produce enough insulin required

for the regulation of glucose homeostastsesently, thecause of insulin resistance and

-8-



Introduction

diabetes progression is not cleRecently however,a number of studiebavesuggested
potentialmechanisms includingmpaired mitochondrial function, altered insulin signalling
caused by cellular lipid accumulation, gndlammatory signals, endoplasmic reticulum
stress, and reduced incretin dependent and indepemdefitinsulin secretioff68]. Type

2 diabetes is poteiatly morecontrollablethantype 1 diabetesf it is recognizdearly. Its

onset is often insidious, baymptomssuch agolyuria, polydipsia, polyphagia, ameeight
lossmay occur Table 1 provides compaison between type 1 and typedbetesApart

from these two classical types of diabetes, several monogenic defects have been identified
wihich lead to the scalled genetic diabetes. Among genetic diabetes forms of diabetes,
the best known is a group of diseases known as matomisgt diabetes ahe young
(MODY) , where the genes involved include among others hepatocyte nuclear factor 4

(MODY1), Glukokinase gene (MODY 2h,epat ocyte nucl ea[9.f actor

Table 1 Comparison of type 1 and type 2 diabetes

Type 1 diabetes Type 2 diabetes
- Autoimmuneb-cell death - Insulin resistancand obesity
- Absolute insulin deficiency - Relative insulin deficiency
- Geneally diagnosed beforage25 - Usuallydiagnosedhfter age 35
- Accounts for 510% of diabetes - Accounts for~90% of diabetes
- Insdin requirel for survival - Insulinmay berequired for control
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3. Oxidative stress

3.1 General

Oxidative stress is defined as the imbalance between the generation of free radicals
and the bodyos ant[7G0. Gendraly free chdidals sushes reagtiset e ms
oxygen species are generated through a variety oflarelinchemical reactianduring
cellular metabolism. By definition, a free radicsbny atom (e.g. oxygen, nitrogen) with
at least one unpaired electron in the outer orbital. As the name implies, these free radicals
are highly unstable arfthve highemolecular reactivity70, 71] As well, these molecules
may diffuse away from their site of generation to other target Jitess, increased free
radical productioncan increase cellular injurythrough reacting indcriminately with
organic molecules such as proteins, lipids, carbohydrates and nuclei¢7&¢id8] As a
consequence, these reactions l&@adNA damage, mitochondrial dysfunction and cell
membrane damage. For this reason, free radicals have been implicated in the development
and progression of various diseases including diabetesgergacardiovascular disease,

Par ki nsondoAl dheemee[lhndi sease

3. 2Production of free radicals
ROS generated through cellular metabolic or chemical reaciimsiade superoxide
(O7; the precursor of most ROS and a mediator in oxidative chain reactions), hydroxyl
radical (OH; one of the strongest oxidants in nature), hydrogen peroxig®,)Hnitric
oxide (NO), peroxynitrite (ONO® and hypochloritd31, 70] ROSare mainly produced
in three ways. Within mammalian cells, NADPH oxidasestheonly enzymesable to

generate ROS withouto-enzymes. NADPHoxidas is present on the cell membrane of
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polymorphonuclear cells, endothelial cells and macrophggs In addition, there are
several enzyme systems, which trans&dectrons to molecat oxygen leading to
produdion of superoxide These enzyme systems include cytochrords@ reductases,
nitric oxide synthase, cyclooxygenases, lipaetygses andanthine oxidasef31, 75} In
the mitochondrial electron transport chalROS is also produced through leakiog
electrors to oxygen during ATP production. Mitochondria ameimportant site of ROS
gereration asvell as major targetef ROS.Accumulation of ROS inducesnimbalance
or weakness of cellular antioxidant systemvkich in turn accelerate ROSrgeation[76-
78]. ROS production is alsoduicedin response to exogenous chemicals such as radiation,
pollution, snoke, drug consumption, hormonesid other xenobiotic chemical§9].
Recently, new genetic pathways were discovered in the aged braieselfathways
produce ROS through altéi@ns in the methylation or oxidation aytosinephosphate

guaning(CpG) dinucleotide[80].

3. 3 DNA modification

Oxidative modification of DNA including DNA strand breaks and tandem lesjons
frequentlyoccuss at either thebases or the sugahosphate backbori81]. For example,
hydroxyl radicalscan be inserted into thdouble bonds of heterocyclic DNA bases,
indudng modification of bases such as ring sation, ring opening, ring contraan, and
hydroxylation, which camesult insevere damage of DNA molecul&z].

Besides DNA modifications caused byOR, exocyclic adducts also induce DNA
damage. For instance, malondialdehyde (MDA) anlydiroxynonenal (4dNE) produced

by lipid peroxidation can react with DNA bases and form exocyclic DNA ad{R@t84]
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As a onsequece oxidative stress induced DNA damagan lead to disruption in
transcription, translation, and DNA replication. In additithre capacity of DNArepair is
lost, resulting in mutations in DNA base paj85]. DNA mutatiors can lead to cancer, cell
senescence aell death[86]. DNA impairmentcan also disturbcell signalling pathways
which areimportant in terms of cellular respon$7]. For thesereasons, DNA damage has

been considereals amgor mechanism leading taumerous honan diseases.

3. 4 Protein modification

Protein oxidationis generallydefinedas a covalent modification of a protein induced
either directly or indirectly by ROSCommon potein modificationmodalities include
protein carbonylation,sulfur oxidaion (Sthiolation, cysteine disulfides, methionine
sulfoxide), crosslinking at tyrosine residuesyptophanyl modificatins, and aimno acid

interconversion§88, 89]

Protein modification at critical sisdeadsto alteration of protein structure or induces
protein selective degradation aggregationLoss or dysfunction of particular biochemical
protein molecules can lead to loss or dysfunction mdirgicular biochemical functiof88].
For example, mtein carbonylation causedy ROS themselves or lipid peroxidation
products such as MDA90] can impair enzyme actiyitor increase th degradatiomf the
protein[91]. Therefore, oxidation of proteins plagskey role inthe pathogenesis ch
number of diseases such aalmiteqd35], atherosclerosi®2] and liver disease®3, 94}

as well as iraging[95].
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3. 5 Lipid modification

A free radical prefers to steal electrons from cellular lipid molectesths reason,
this processs sometimegeferred to ashe oxidative degradation of lipids. Although the
natue of the oxidative injury that causes cell death is not clear, the mechanisms by which
oxygen radicals damage membrane lipids are well acceptezhturated fatty acids are
abundant in cellular membranes and in low density lipoprofésis The unsaturated fatty
acids allow for fluidity of cellular membranes apbvidebinding sites for receptorsFree
radicals formed by enzyme reactiofesg; lipoxygenases, phosphpase A2, glucosé-
phosphataseand cytochrme R450) during cellular metabolismcan attack lipid
membrane$31] and therreact withunsaturated lipidsesultingin lipid peroxidation. For
example, oxidative damage is often exclusively associated with these peroxidation
readions in membrane lipidsHydrogen peroxideand lipid hydroperoxides activate
lipoxygenase$97]. As a consequence, membrane structures or compositions are altered or
destroyed98]. Phospholipase Azlso catalytically hydrolyzes lipids on theaembranes
[99] and generates free lysophospholipids and free fatty acids resulting in theiolsaipt
membrane structure and functiff00]. The dasma membranplaysvery important roles
in protectinga cell from the outside ands a mediator of extracellular signaling events.
Therefore, alteration of membrane structure and functiosan changeintracellular
biological activities asollows:
a. bycharging membrane fluidity, selective permeability and integrity
b. throughcovalent crosslinking of lipid and protejns

c. byinactivation or inhibition of membrane bound enzymes and receptors.
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As a consequencéhese alterationsan change cellular functions dngene expression
and lead tewhanges iphenotypd101, 102]

In addition, increased lipid peroxidation products (ketoaldehydd®A, 4-HNE,
glyoxal, and 4oxo-2-nonenal are involved inDNA damage, mutagesis [103] and

induction ofdiseasesuchasliver diseaseq104] and diabetef35].

4. Oxidative stress in diabetes mellitus

The development of type 2 diabetes is usually characterized by insulin resistance and
hyperglycemia. Pancreatiecell function continuously and gradually deteriorate/pe 2
diabetes irspte of treatmentand thishas been attributed glucose taicity due tohigh

blood glucoseavhich results iroverproductiorof ROS

Mitochondria are central regulasoof cellular energy production as well as the main
sites of ROS productionl n  p a n ecellg anitochondridare pivotalto the control of
insulin secretionwhich consists of two phases known as the rapifirst phase and the
slower or second phase. Both phasef insulin secretion are dependent on glucose
metabolism and rnochondrial oxidative phosphorylation, which produces adenosine
triphosphate (ATP). Cellular ATP increases through glucose metabolism and then blocks
plasma membrane locatelTP-sensitive potassium channelallowing voltagegated
calcium channels to opeihe resulting calcium influx triggerthe release of insulin
containing granules by exocytodi$05]. The rapid first phase is completed within 5
minutes. In this phasésulin granules in the readily releasedopare already docked to

the plasma membrane. This phase of insulin secretion accounts for only abotitts%6 o
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total insulin released after increasing blood glucose. In the sloseeond phase, maximal
quantities of insulin areeleasedn about60 minues.Insulin granules aréirst moved from
the reserve pool to the readily released pool of granates therdocked onto the plasma
membraneto be releasedThis phase igjuantitativelythe major contributor to insulin
secretion[106]. These glucosenducedinsulin responses are impaired or lost in patients
with diabetes.

ATP synthesis required for insal secretion is reduced by mitochondrial dysfunction.
Impaired mitochondrial function fther leads to ROS productioand increased ROS
production accentuates mitochondrial dysfunction or activates meétin kinases in
both peripheral tissues ammncreaticb-cells [1, 68]. Pancreatidh-cells areparticularly
vulnerable to oxidative stress duethteir low levels of antioxidant enzymesufgeroxide
dismutases, catalase aghlitathione peroxidse) compared to other orgafil07, 108]
Several studieBavesuggested that oxidative stresgyeneratedinder diabetic conditions
and is possibly involved ithe ongoing pancreaticb-cell dysfunction characteristic of
diabees[109]. In experimental animalsn#doxidant treatment suppressapoptosis irb-
cells, restoresinsulin syntheis, insulin contentand insulin secretion under hyperglycemic
conditiors. This suppors the hypothesis that oxidaé stress induseapoptosis irb-cells

andredue@sb-cell masg110, 111]

Taken together, these studiesdicate that oxidative stress and mitochondrial

dysfunction are implicated ib-cell dysfunction indiabetesand thatantioxidant treatment

can protecb-cells against lgcose toxicity[35].
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5. Antioxidant s

5.1 Antioxidant System
Antioxidants are defined as any substanca&dgeiapable ofielayingor preventing

the oxidation of cellular molecules. Oxidation is a chemical reaction that transfers

electrons from a substance to an oxidizing agent resulting in production of free radicals.

Antioxidants provide their own electrons fi@e radicals. After a free radical gets the
electron from an antioxidant, it becomes stadhel can no longer attack the cg8B].
Using antioxidants has been reportechéiserapeuticstrategyto counteract cellular injury

in certain conditiors including diabetes, atg, hypertension, a#énosclerosis, metabolic
syndrome, inflammation, liver diseasend neu ol ogi c al di sorder s

Parkinsol s di).seases

Antioxidants areproduced within the cell or can be provided exogenously.
Antioxidants have been catagorizeas hydrophilic or hydrophobic  Hydrophilic
antioxidants include superoxide dismutase (SODXlutathione peroxidase (GPx),
glutathione, catalase,ascorbic acid (vitamin Cand uric acid The list of hydrophobic
antioxidants is shorter and includesapherols (vamin E),flavonoidsand @enzyme @.
According to their mechanisms of action, antioxidants can also be classifestzases
(e.g.superoxide dismutases, catalase, glutathione pes®idnd norenzymatic systems
(e.g. vitamin C, vitamin E, seleniunppmper, zinc)33]. In addition, thee are compounds
(e.g.free amino acids, peptides and protgindich can act as ROS scavengers at high

concentration
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6. Mitochondria

6.1 Mitochondrial structure and role in oxidative repiratory chain
Mitochondria are double membranesnclogd cellular orgaglles presenin most
eukaryotic cellwith a size ofabout 0.510 pm indiametef{112]. Mitochondria consisbf
several compartments including the outeembrane, the inner membrartbe inter
membrane space, cristae and matrixhe inner membran&ontains mitochondrial
respiratory complexesnd thematrixcontaing he components of -the
oxidation pathway which generateacetytfCoA from pyruvate andacyl chains, and

reducing cofactos such as NADHandFADH, [68, 113]

With theexcepton of the nucleus the mtochondriaarethe only cellularorgarelles to
possesgheir own genetic matél, called mitochondrial DNA (MtDNA). The circular
MtDNA conssting of 16,569 base paiesnicodes twentywo transfer RNA (tRNAS), two
ribosomal RNA (rRNAs) and thirteen polypeptidethat are translated within the
mitochondria all of which are esseati for electron transport systems and adenosine
triphosphate generation, and consequently for normal cellular physipidgy 115]
Cellular energy iproducedoy diverse enzynswithin the electron transport chaiwhich

is comprisedf 5 complexe$113].

Complex |
Complex | isalsocalled NADH dehydrogenasé. consists ofmore than 40protein
subunits seven of which are encoded by mtDNIL3]. The functionof complex lis to

remo\e two electrons fronthereduced cofactofNADH, andthentransfer them to a lipid
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soluble carrier namely ubiquinongFig. 1) For ths reason it is also called NADH:
ubiquinone oxidoreductase. The reduced ubiquinone molecules diffuse along the
membraneAt the same time, four protons are translocated across the inner mitochondrial
membraneresultingin a proton gradient.Complex Ihas also been known as onetloé
main sites for production dhe superoxideanion (or free radical) due to eateakage b
premature electranto oxygen.The released electron produces superoxaiméon when
reacting with oxygenThe superoxidanion is consideredsa majorintracellular substrate

for peroxynitrite, hydrogen peroxidend hydroxyl radical§l03, 116118].

Complex Il

Complex Il also named succinate dehydrogeedSDH) or succinatecoenzyme Q
reductasejs located atthe matrix side ofthe mitochondrialinner membrangunlike the
othermitochondrial complexest tonsists of four protein subunits (SDH8DHB, SDHC,
and SDHD)encoded by nuclear DN 13]. It redu@s succinate, fatty acids and glycerol
3-phosphate, and thetransfes electrors to the quime pool (Q)called ubiquinong
without pumping protos into the mitochondrial intermembrane spa@éag. 1). Complex I
does not function aa proton pump unlike mitochondrial complexedll and IV [118

120].

Complex Il
Complex lll is also known as cytochrom b-c; complex or ubiquinol cytochrome ¢
oxidoreductase. The complex contairisdifferent subunits one subunit(cytochrome b) is

encodedoy mitochondrialDNA, andthe remaiimg subunits are encoded by neat DNA
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[113]. Complex lllremoves elgcons fromubiquinol (QH,), which is the reduced form of
ubiquinone, also known as coenzymg@Q). Subsejuently, the removedlectrons a&
transferred to cytochrome a (vater soluble electron carriewyhich in turn donates them
to complex IV(Fig. 1). At the same timethe complex bilds a proton gradienin the
mitochondrial intermembrane spaétence it may leak electrons to oxygen when electron
transfer isaltered or impaired which in turnmay result in the formation of free radisal
such as supekide. Therefore this complex isconsideredo bea mgor site forproduction

of thesuperoxideanion[118, 120]

Complex IV

Complex 1V, also called cytochrome ¢ oxidasecgtochrome c¢ oxidoreductases, a
complex of 13 different subunif¢13]. Three ofthesesubunits(l, I, and Ill) areencoded
by mitochondrial DNA and temre encodedby nuclear DNA. The complex contains two
heme groups and two copper atoms assihetic groups. It takes electrons from
cytochrome ¢ and transfetisemto molecular oxygero produ@ water (Fig. 1). At the
same time, itgenerags a proton gradientoy moving protons aoss the mitochondrial
membrane Genetic alterations of compld¥ have been shown to ke mgor cause of

mitochondrialabnormalitis in diabetes and Alzheimeliseasg118, 120]

Complex V
Complex V is an ATP synthaswhich is responsie for cellular ATP production.It
consists of approximately 16 protein subun@siong which two subunisreencoded by

MtDNA [113]. This step is a terminal step the mitochondrial respiratorghain ATP
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synthaseis presentin the membrane anproduces ATP from ADP and phosphate P
driven by a flux of protonsisingthe previouslyformed proton gradierfFig. 1). The flux
goes from the sidevith high proton electrochemical potentigdrotochemically positive

side)to the protochemically negaé side[118, 120]

6.2 The functions of mitochondria

Mitochondria mainly participate in cellular energy productiomnwhich they convert
energy fromfood into chemical energy in the formf ATP. In addition mitochondria are
involved in multiple essentialcellular eventsor functionssuch as cellcycle, growth,
differentiation signding, death (apoptosis)the regulation of cytoplasmic calcium
homeostds; the synthesis of all cellulairon-sulfur clustes, biosynthesis of steroids,
metabolic detoxification and generation ofROS [68, 121] Recently acumulated
evidencehasindicatal that mitochondriaremuchmoreimportant thanpreviously thought
and have been implicated inthe development ofeveral human diseasescluding
mitochondrial disorders, diabetes and cardiac dysfunchidras even been suggested that

mitochondria play a role in the iag proces$1, 113, 114]

6.3 Effect of ROS on mitochondria
Over the last several decades, many studies have suggested that numerous human
diseasesreassociated with the generation of cellular oxidative stidgschondriaarea
mgor site of cellular ROS formatioand at the same tima maor target ofoxidative
stressROS arefree radicals that reagery easily withother cellular molecules due to the

presence of unpaired electronsSuch molecules may damagenitochondrial
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macromolecules. The macromoleculdsmt are damaged include proteins, lipids and
mitochondrial nucleic acids.Macromolecud damage may gdete mitochondrial
antioxidant systens such as glutathione peroxidased glutathione[29]. Moreover,
mMtDNA is more vulnerable to oxidative stress comparedntaclear DNA due tothe

absence oflocal DNA repair systeni86, 114]

Therefore, mtDNAIs a critical celular target for oxidative damagAs a consequence,
it may also lead to increasesuscepbility to lethal oxidative injury through the loss of
function of theelectron transport systerfgss of mitochondrial membrane potential, and
reductionof ATP genertion [122]. Theseinjuriesincrease the sensitivity of celis other

proapoptotic or damagirgjgnals ultimately resulting ircell deatq116].
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Figure 1. Schematicdiagram of the oxidative respiratory chain in the mitochondria

TCA cycle produces reducing cofactors such as NADH. The accumulated reducing
cofactors in the mitochondria are further oxidized in mitochondrial oxidative respiratory
chain by complexs | and Il. Overflow of electrons released froMADH or succinate
sometimescombire with oxygen at the level of compkexl, Il or IV, which leads to
formation of superoxide ahemain sourcef reactive oxygen species.

TCA cycle: Tricarboxylic acid cycle; € Electron;UQ: Ubiquinone; cyt: Cytochrome c;
ATP: Adenosine triphosphate; ADP: Adenosine diphospHa@D: Superoxide dismutase;
GPx Glutathione peroxidase; GSH: Reduced glutathione; GSSG: Glutathione disulfide
(oxidized glutathione) NAD: Nicotinamide adenine dimleotide; NADH: Reduced
nicotinamide adenine dinucleotide

I: NADH dehydrogenase (mitochondrial complex I)

II: Succinate dehydrogenase (mitochondrial complex I1)

[ll: Cytochrome kc; complex(mitochondrial complex 111)

IV: Cytochrome c oxidase complex (mitwondrial complex 1V)

V: ATP synthaserfiitochondrialcomplex V)
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7. Cell death

7.1 General

Naturally, d living organisms must evemdlly die. However, ell death isnota simple
event among organismg.i$ animportant cellular event inveédin development, disease
and the aging processin multicellular organismscell death is classifieds apoposis,
necrosis olautophagy depending othe mode of deatfil21]. Apoptosis and autophagy
are known astwo fundamental types ofrpgrammed cell death wheas necrosis is

commonlyknownasnonprogrammed cell deafi23, 124]

7.2 Apoptosis

Apoptosisoriginatedfrom an acient Greek word thadescribes leaves falling from a
tree which is commonly thoughtof as a symbol of deatiCell undergoing poptosis
possessespecific morphologi@l, biochemical and moleculatharacteistics [125]. The
distinction between apoptosis and necrosis is due to the differanpéssma membrane
integrity during the entire cell death process. In apoptosalular plasmamembrane
integrity is preserveduntil late in the procesensuring that the event is regulatéd.
contrast to apoptosisiecrosis collapses the cell membrane atbéginning ofthe death
event andthe cell cannot control thevhole process imnordety manner{126, 127] The
initiation of apoptosisbegins with thedegradtion of cytoskeletal proteins by aspartate
specific préeasestherebyresulting in thecollapseof subcellular component$he process
involves chromatin condensation, nuclear fragmentatiamd the formation of plasma
membrane blebdn spite of cell death apoptosispromotes the recyclingf biological

moleculesanddoes not inducanimmune responsg 21, 128]
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7.2.1 Apoptotic pathways

Apoptosisis driven by two differentpathwaysincluding theextrinsic pathwaydeath

receptor pathway) arttieintrinsic pathway(mitochondrial pathway)

Extrinsic pathway

The «trinsic pathway is mediated by death receptorthe plasma membrane surface
that respondo death signalsuch as Fas ligantiymor necrosis factofTNF)-Uand tumor
necrosisrelated @optosisinducing ligand TRAIL). These are key playey in apoptosis
and can activatthe caspase cascadeor examplemembers of the TNF perfamily bind
to cell surfacethrough TNF receptor 1 TNFR1), which initiates the formation of the
multi-protein deathinducing signaling complexvith TNFR1-associated death domain
protein TRADD) [129]. Activation of this complex causes conformational changes in its
componentson the intracellular portion of thplasma membranewhich recruis TNF
receptorassociated factor @ RAF-2) leadirg totheactivation of NFkB andthe c-JunN-
terminal kinase JNK) pathway or triggers the catalytic activityof caspas 8 which is a
central mediatoin the apoptotic pathwayfhis extrinsic pathway can induceell death
directly without a mitochondriaamplifying step or indirectly througla mitochondrial
amplifying step[130]. However, the ligand for Fas (FasL or CD95L) activates apoptosis
throughthe deathinducting signaling compleg©ISC) formation. This sigal recruitsFas
associated protein with death domakADD) without TRADD involvement Thus, this
pathwayis relatively fastand s not associaed with classicsignding pathwag. TRAIL
initiates apoptosis througthe death receptor DR4) or death recptor 5 OR5) in a

similar manneito FasL[131].
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Intrinsic pathway

The intrinsic pathwayis activatedafter intracellular sensors indicate overwhelming
cell damageMostly, the activatorsof the pathwayare increased intracellular reactive
oxygen speciesnfolded or misfolded protesn DNA damag, nutrient deprivationrand
lack of growth factors. Thesactivatorsultimately lead taa loss inthe membrane potential
of mitochondria andhcrease mitochondrigdermeability, therey promoting the release of
proapoptoticproteinssuch as cytochromeinto the cytoso[132, 133] Once cytochrome
is releasedit binds with apoptotic protease activating factor Apéf-1) and ATP, which
then bing to caspase 9 creatiragn apoptosomeAnotherimportant protein in the intrinsic
pathwayis diablohomologue (SMAC/DIABLO)which antagonizes cytosolic inhibitors of
proapopttic proteins, thus allowing the activation of caspaseshamgethe progression to
apoptosisAs a consequee, activated caspase 8 (death receptor pathway) anzhsa<
(mitochondrial pathway) activateaspases 3, 6, and 7. Bkactivatedproteasedead to
cell deathby cleaving numerous proteins and actiwgtDNaseg121, 128, 132]Factors
tha determine which death pathway is activatedude the stage of the cell cyckndthe

typeand nmagnitude of the apoptotic stitus [121, 129]

7.3 Autophagy

In addition to apoptosis, autophagy is another form of programmed cell. death
Autophagy derives froma Greek word meanng it o e at (phagyim onesel
reference to the formation of a cytoplasmic isolation membraneggphare) where

cellular components are degraded lggosomal hydrolasesThree types of autophagy
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(macroautophagy, microautophagy, amthaperonenmediated autophaylyhave been
identified on the basis of how lysosomes receive material (cargo) for degradation
Macroautophagyenvelopsthe cargowith a doublemembrane structuréorming the
autophagosomePhagophore formations initiated by beclifl, a regulator of kinase
activity, which binds to vacuolar protein sorting 34 (a member of the phosphoinositide 3
kinase family) and triggers the nucleation of the phagophore from the endoplasmic
reticulum. The phagophore eventually matures and becomes an autophagosome through a
concerted action of several proteins including autophagy related genes, ubiquitins, and
proteases[134]. The outer membrane of the autophagosome ultimately fuses with
lysosomes and the cargo is degradbd.microautophagy, the lysosomal membrane
invaginates anengulfs the cargdor degradation in the newlformed phagophorelhe
chaperonenediated autophagy uses unfolded proteins which translocate across the
lysosomal membrane under the influence of cytosolic chapersungs asheatshock
cognate protein70The lysosomeassociated membrane protein type 2#hich is a
receptor in the lysosomal membrane, is a critical component of the chajpesdrated
autophagy Importantly, this system is also stimulated by oxidative stress such as that
induced by ethanol, and dysregulation of autophagy is associated/amittus diseases

such asneurodegeneration, cardiomyopathy and type 2 diabd2s, 135] Recent
evidence suggests that autophagy can be selective and targeting pertinent cargoes, or non
selective and directed tows big chunks of cytoplasmic material. Thustophagyis a
cellularadaptive response to sublethal stress, such as nutrient deprivation, that supplies the
cell with metabolitegor fuel. Through this procesgells degrade their own nonessential,

redundat, or damaged organelles and macromolecular components which are thereby
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recycledfor ATP production121, 135, 136] Thereforeautophagymay be considered as

cell survivalmechanismunderconditions of reductionf cellular energy availability.

7.4 Necrosis

In contrast to both apoptosis and autophaggrosis isa form of norprogrammedell
deaththat occurs inresponse to severdamage or acute cellular stre§hesestresss
include the depletion of AH caused by metabolic failureinjury, infection and
inflammation[121, 137] In necrosis, cellulaorganells first swell ortheir membrane is
rupturadl and then they release intracellular contel@s. compromisig or collapsing
organellar membranes, proteolytic enzymes released from lysssmterthe cytosol, and
induce the degradation of essential proteins invexdvin cell survival [124, 138] In
addition, eactive oxyge species, poPADP-ribose polymerase (PARP), imased
intracellular calcium ions, calcinactivated norAysosomal proteases (calpainaphd
cathepsins have been knowm act as mediators for necros{439, 140] Due to the
uncortrolled nature of this form otell death,necrosisis accompaniedyy inflammatory
responseghroughthe release of intracellular conterdfter the collapseof the plasma

membrane

8. Ethanol

8.1 General
Ethanol is soluble bbtin water and lipids. Thus, it can diffuse rapidly through the
plasma membrane unchanged along the wHhergth of the digestive traci141].

Absorptionof consumedethanol takes place the stomachabout 20%) and the small
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intestine (about 80%) The majority of theabsorbed ethanol is metabolized quickly
enzymesin the liver, which is amajor site of ethanol metabolism under physiological
conditiors. Ethanol metabolisnmcreass cellular reactive oxygen species, whitlay lead

to oxidative pocessesincluding deteroration of the mitochondrialfunction. In turn,
mitochondrial dysfunction may contrilmto cellular ROS production ikells exposed to

ethanol[22].

Ethanol induced ROS producti@manoxidatively modify and inactivate mitochondrial
proteins which further disrupt the structure and functiontteé mitochondriaand further
increase ROS productidd42]. Mitochondrial DNA is also a critical target of increased
ROS due talack ofa DNA repairsystem. For example, mouse hepatic mtDid&reased
by 50% after acute exposure to ethafbli3]. Even in other tissues which expréswer
levels of ADH, mtDNA levek decreasafter acute ethanol exposyfet4]. Theincreased
ROS poductionmay activae cell death signalingpathway such as apoptosis sidimay
kinasel (ASK-1) which activate38 mitogentactivated protein kinaseMlAPK) and ¢
JuntN-teminal kinase stressgiding cascade$l45]. All of the abovemay be the cause

of cellinjury or death incellsexposed t@thanol

8.2 Pathways of ethanol metabolism

Ethanotinduced oxidative stress pathways include metabolic pathways (direct effects)
and nonmetabolic pathways (indice effects)[146]. In the metabolic pathway, ethanol is
metabolized through three enzymes: alcohol dehydrogd@dsid), microsomal ethanel

oxidizing system (MEOShNd catalase (. 2). On the other hand, the namgabolic
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pathway leads to the formation of fatty acid ethyl esters (FAEEsS) by enzymatic
esterification of ethanol and fatty acids. Both pathways may produce free radicals, which

influence cellular redox status and interfere with the cellular antioxidatensjs41, 146]

8.2.1. Alcohol dehydrogenase

ADH, azinc-containing enzyme, watiscovered in the mid960sand is responsible
for the majority of the alcohol metabolism in the liver and other tssst®ven isoformsf
ADH named ADH17 have been identified147]. ADH converts alcohol into
acetaldehyde, which is ten fold more toxic than ethdnothis reaction(Fig. 2), which
takes place in the cytosd\DH transfersa hydride from ethanol to NAD(nicotinamide
adenine dinucleate) which actsas the hydrogen acceptor and produttesreducing

cofactor NADH[141, 148]

8.2.2. Microsomal Ethanol-Oxidizing System

The microsomalethanofoxidizing system (MEOS)also participates in ethal
metabolism This pathway consists of several enzymes found in microsomes. The primary
component is aytochrome P450which includes severasoenzymessuch asthe 2E1
(CYP2E1l), 1A2 and 3A4 isoformsEthanol metabolism byhe cytochrome P450
isoenzymegFig. 2) produces acetaldehyde angzlas final product[149].

This pathwayis activated as a second line reaction in response to excessive ethanol that
overwhelms ADH capacityActivation of this pathwayas also been linked to increased

generation of hydroxyl radicaJ450].
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8.2.3. Catalase

Catalase is a heme emag found in peroxisomes and is triggered by acute ethanol load
in the presence of J@,, which increases with peroxisomal fatty acid oxidation in the liver.
Catalase uses B, to peroxdize ethanol to acetaldehydeidF2) and this reaction also

produces wier [151].

8.2.4. Aldehyde dehydrogenase

Throughthe above three pathwayshanol oxidationgives rise to acetaldehyde, which
is further oxidized to acetate by aldehydaedlehydrogenases (ALDH):
CH:CHO +NAD®™ A CH;COOH + NADH +H*

Acetate is then transforméato acetyl CoA by acetyl CoAynthase in the mitochondria
[148]. In additon, ethanol oxidation increasescytosolic NADH/NAD" ratio. The
accumulated NADHn the cytosolthen is indirectly conveyed to the mitochondria for
oxidation. The electron is 8t transferred onto oxaloacetate to form malate, which then
enters the mitochondria carried by thalateaspartate shuttlend passes the electron onto
NAD" to form NADH [152]. This regenerated NADH is subseznily reoxidized within
the mitochondrial electron transport systemhich contributes tthe proton gradient in the
inner mitochondrial membran&his is a mgor source of energy requiredor ATP
production by the ATP synthaseomplex. On the other handthe enhared reducing
pressure othe mitochondrial electron transport chalneto increased NADH/NAD ratio
leads toincreasd ROS production in both acute and chronic ethaxplosurg116, 141]

In addition ethanol metabolism redes the levels of mitochondrigluthatione resulting

in a reductiorof cellular antioxidant capacity.
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8. 3 The role of ethanol in oxidative stress

Ethanolinduced oxidative stress is associated whth metabolism and nemetabolism
of alcohol. Since the involvement of oxidative stress in ethanol toxicity was first proposed
in the early 1960§153], many studiefiave shown that ethanol promotes the formation of
free radical intermediates in several cell typmsch as hepatocytes and endothelial cells
[154, 155] Ethanol metabolites are generated in the cytosol and arerfurétabolized in
the cytosol and mitochondria, which in turn increases redox pressure and promotes ROS
production[116]. As well, alcohol may alter the levels of certain metals such as iron,
known to alter cellular redox. Ethanol abuséiman subjects leads to impaired utilization
or increased abnormal deposition of iron in the lij&$6]. Ethanol also increases the
expression ofthe transferrin receptor, resulting in an increase of iron uptake in rat
hepatocyte$157]. In addition, ethanol reduces cellular antioxidant systems, which further
facilitates ROS formation. GSH homeostasis is imparia preventing ethanehediated
oxidative injury. Chronic ethanol intake lowers the level of mitochondrial GSH, which
precedes the development of mitochondrial dysfunction and lipid peroxidat860].
Moreove, ethanol decreases the enafimactivity of superoxide dismutase, catalase and
GSH peroxidase in rat livel61]. Decreased antioxidant systems and increased lipid
peroxidation have been linked to an impairment of mitochondrial oxidative
phosphorylation and mitochondrial dysfunctioAs a consequence, the induction of
oxidative stress is associated wdtcollapse of the mitochondrial membrane potential,
which results in apoptos[462]. Brain tissue is more susceptible to oxidative stresstalu
relatively low levels of antioxidant enzymesompared withits high consumjon of

oxygen. Ethanol impairemitochondridmembrane integrity and inducapoptosis through
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the activation of caspases in cerebellar granule ney@ris In contrast, the use of
antioxidants or free radical scavengers redwedsilarinjury in ethanol fed roden{d63-
167]. Collectively, thesestudies indicate that ethaneither directly or ingectly through
its meaabolism,induces cellular oxidative stress and mitochondrial dysfunctvbich may

result in cell death.

NADH + H* Cytosol

— > Acetaldehyde
ADH

Microsomes

/_) NADP* + 2H,0 NADH + H*
Ethanol > Acetaldehyde >>
(CHCHOH)  — CYP2ET P on Acetate
NAD+ {CHsCOOH)

NADPH +H* + O,

H,O

r)

[
H20; Catalase

> Acetaldehyde

Peroxisome

Figure 2: Three pathways involved in ethanol metabolism

In the metabolic pathway,trenol is metabolized through three enzymes (alcohol
dehydrogenase, Y?P2E1 and catalase)in different cellular compartmentgcytosol,
microsomesand peroxisomes, respectively), and all these reactions generate acetaldehyde
a highly reactive product
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9. Prohibitin

9.1 General

Prohibitin (PHB) is a 30 kDa multifunctional proteilt has been foundin multiple
cellular compartments including the cell nucleus in breast and prostate canc¢B&ells
168], mitochondria in human fibroblasts and prostate cancer f#lls52, 168] and
plasma membrane in intestinal epithelial cg88, 48] Originally, PHB was identified as a
tumour suppressor in liver tiss{42, 43]and was hence called prohibitin. Later on, the
reason for this act-UMNIi(untyansiatadsregiar) of the grohibitend t o t
MRNA [44]. PHB belongs to a family of proteins known as SPFHdr(atin, prohibitin,
Flotilin, HfIC and HfIK) family of proteins which are associated with lipidtsain the
plasma membranfl69]. Although it was originally identified as a tumour suppressor
protein, with mutations occung in various cancers, many studies have suggested that
PHB has diverse cellular roles such as a regulattrexfell cycle[43, 45, 170] inhibitor
of cell growth and an anithflammatory proteirj48]. Recently, studies have suggested that
PHB may be a regulator of transcriptif@8], a ligand binding site at the plasma membrane
protein participating in signal transductipt6, 47, 171]jand a secreted proteih72] found

in the circulatior{40, 41]

9.2 The roles of PHB in the mitochondria

PHB is best known as a mitochondrial chaperone. PHB forms a complex with PHB2 in
the mitochondria where it prevents membranaginodegradation by the mitochondriat m
AAA protease[173]. The PHB complex has also been reported to hold and stabilize

unassembled mitochondrial proteins related to respiratory complex IV in[§8hss wél
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as to stabilize the mitochondrial genofd&4, 175] The PHB complex is also associated
with mitochondrial morphogenesis. Loss of the PHB complex leads to severe changes in
mitochondrial morphology irC. elegans mouse embryo fibroblasts (MEFs) and HelLa
cells[176-178], and deletion of PHB or PHB2 results in destabilization of Optic atrophy 1
protein (OPA1)176, 178] which is requied for mitochondrial fusion. Moreover, there are
several reports on the effects of PHB on mitochondrial function in yeast and plants, where
loss of PHB genes reduced the mitochondmaémbrane potentia[179, 180] or
mitochondrial crista¢l81]. Recently, PHEknockdown in edothelial cells was shown to
induce mitochondrial depolarization due to a reduction of complex | acti¢Bg],
whereas mitochondrial PHB expression in cardiomyocytes increased with injury in
chronically stressedats and protected against oxidative stiegsiced cell deattl83,

184]. Bailey and colleagues showed that chronic ethanol exposure increases PHB
expression in rat liver. However, PHB expression decreased vater®sylmethionine, a
glutathione precursor, which prevented ethanduced mitochondrial dysfunctigi85].

A recent study showed that the interaction of prohibitin with mitochondrial complex IV
was reduced in livecells transfected with hepatitis C virus core protein and that this lack
of association resulted in activity reduction for this comdE36]. To our knowledge,

there have been no reports of interaction of PHB with mitochondrial complexes Il or lll.
Taken togetheraccumulatingevidence shows that depletion of PH&ult in increased
sensitivity to oxidative streqd77, 181] Figure 3providesa summary of roles of PHB in

the mitochondria.
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Figure 3: A summary ofroles of PHB in the mitochondria

The PHB complexias been proposed as playing diverse roles in the mitochondria. This
diagram is showing the main funat®reported in the literature.
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. HYPOTHESIS & OBJECTIVES

Hypothesis

Recentstudieshavesuggestedhat prohibitin may play an importatrole inthe cellular
antioxidantdefencesystemdue toits role as a mitochondrialchaperoneThis function,
however, has not been demonstrategancreatid-cells and prohibitin was not known to
be expressed in these celldiehypothesiof this stud is that prohibitincanpreventb-cell
failure characteristic of diabetelsy reducing oxidative stress, protegt mitochondrial

function andpromoting b-cell survival.

Objectives
The overall objective of fh thesisis to examine the role of pnitin in ethanol
treatedoancreatid-cell function.To clarify this, the specific aims are determine
@ the effects of ethawells, on prohibitin expr:
() the distributxelspn of prohibitin in b
(c) the effect of prohibitin on abhol dehydrogenase (ADtxpression n-cels
(d) the effects of prohibitin on mitochondrial functionn-celts,
(e) the role of pohibitinin -cells survival

(f) the effect of prohibitin on insulin secretion.
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lll. MATERIALS AND METHODS

A. Materials
Chemicals used in this thesis were purchased from the companies listed i@. Table

Table 2: Materials used itheexperiments

(Monaclonal)-antFJNK  antibody Santa Cruz(Santa Cruz, CA, USA)
(Monoclona)-anti-p-JNK antibody Santa Cruz(Santa Cruz, CA, USA)
(Polyclonal)-anttADH5 antibody Santa Cruz(Santa Cruz, CA, USA)

(Polyclonal)-anti-cytochrome ¢ oxidase subuni Santa Cruz(Santa Cruz, CAUSA)

[l antibody

(Polyclonal)-anti-Bax antibody Santa Cruz(Santa Cruz, CA, USA)
(Monoclona)-antiactin antibody SigmaAldrich (Mississauga, CA)
(Polyclonal)-ant-PHB antibody Santa Cruz(Santa Cruz, CA, USA)
(Polyclona)-antihistone H1 antibody Santa Cruz(Santa Cruz, CA, USA)

(Polyclona)-anticleaved caspasg antibaly Cell Signalling Technology
(Denvers, MA,USA)

(Monoclona)-anti-caspase& antibody Cell Signalling Technology
(Denvers, MA,USA)

(Polyclona)-antiruncoupling proteir2 antibody Alpha Diagnostidnternatonal

(San Antonio, TX, USA)

Anti-rabbitFITC artibody Santa Cruz(Santa Cruz, CA, USA)
Anti-His-FITC antibody Molecular probesg Burlington, CA)
(Polyclonal)-ant-MafA antibody Santa Cruz(Santa CruzCA, USA)
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(Polyclona))-ant-PDX-1 antibody
(Monoclona}-antithreonineantibody
ATP bioluminescent assay kit
Control(scramblesiRNA-A

Cell culture flasks

CM-H,DCFDA

Complex | Enzyme Activity Microplate
assay kit

Complex Il Enzyme Activity Microplate
assay kit

Cytochrome ¢

Chambeslide

DMSO

100 mM dNTP

EGTA

Electrophoresis/electroblotting materials

EDTA

Enhanced chemilumescence kit
Ethanol

Fetal bovine serum

FUGENE HD transfection reagent

Glucose

His-tagged recombinant human prohibitin

Santa Cruz(Santa Cruz, CA, USA)
SigmaAldrich (Mississauga, CA)
SigmaAldrich (Mississauga, CA)

Santa CruzSanta Cruz, CA, USA)
Corning Incorporate@Corning ,NY, USA)
Molecular Robes( Burlington, CA)

MitosciencegEugene, OR, USA)

MitosciencegEugene, OR, USA)

Sigme-Aldrich (Mississauga, CA)

Nalge Nunc Internationgtokyo, Japan)
SigmaAldrich (Mississauga, CA)
Invitrogen( Burlington, CA)
SigmaAldrich (Mississauga, CA)
Bio-Rad(Hercules,CA, USA)

SigmaAldrich (Mississauga, CA)

AmershamManassas, NJ, USA)

Health Sciences Camt(Winnipeg, CA)
Invitrogen( Burlington, CA)
Roche(Penzberg, Germany)

SigmaAldrich (Mississauga, CA)

AmProx American Proteomics
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Hoethst33342

Heat shock protenpolyclonal60 antibody

Horseradish peroxaeconugated secondary

antibody
Hydrogen peroxide
HEPES

INS-1E cells(Rad

KCN
4 methyl pyrazad

MitoPT™ JC-1 Assay kit

2-mercaptoethanol

MTT

Mitochondrial dye Mitofluor™ Red 589
Microplates

Mouse prohibitin SIRNA

Opti-MEMI reducedserum

medium(% ), liquid

Optical adhesive film

Optical 96well reaction plate

pCMV6-XL5 vector containing human PHB

(Carlsbad, CA, USA)

Molecular Robes( Burlington, CA)
Santa Cruz(Santa Cruz, CA, USA)

Santa CruzSanta Cruz, CA, USA)

SigmaAldrich (Mississauga, CA)
SigmaAldrich (Mississauga, CA)
Provided by Universitesof Geneva &
Toronto
SigmaAldrich (Mississauga, CA)
SigmaAldrich (Mississauga, CA)
ImmunoChemistry Technologies
(Bloomington, MN, USA)
Fisher Scientifigottawa, CA)
SigmaAldrich (Mississauga, CA)
Molecular Pobes( Burlington, CA)
Corning Incorporate@Corning, NY,USA)
Santa CruzSanta Cruz, CA, USA)

Invitrogen( Burlington, CA)

Applied BiosystemsFoster city, CA, USA)
Applied BiosystemgFoster city, CA, USA)

Origene Technologig®Rockville, MD,USA)
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Penicillin

Protease inhibitor cocktail tablets
Protein Assay Kit

Protein A agarose

PBS

5 ml polystyrene rountottom
tube (BD Falcon)

PMSF

Paraformaldehyde

RNase free water

Rotenone

RPMI 1640 medium without glucose
Random primer

RINmM5F rat insuhoma cells

RPMI 1640 medium

SDS

Sodium pyruvate

SYBR green PCR master mix
Sodium bicarbonate
Streptomycin

SuperScriptll RNaseH reverse transcriptase

Invitrogen( Burlington, CA)
Roche(Penzberg, Germany)
Bio-Rad(Hercules,CA, USA)
UpstateBillerica, MA, USA)
Invitrogen( Burlington, CA)

Fisher Scientifigottawa, CA)

Fisher Scientifiqottawa, CA)
SigmaAldrich (Mississauga, CA)
SigmaAldrich (Mississauga, &)
SigmaAldrich (Mississauga, CA)
Invitrogen( Burlington, CA)
Invitrogen( Burlington, CA)
American Type Culture Collection
(Manassas, VA, USA)

American Type Culture Colletion

(Manassas, VA, USA)

SigmaAldrich (Mississauga, CA)

Sigma-Aldrich (Mississauga, CA)

Applied BiosystemgFoster city, CA, USA)

SigmaAldrich (Mississauga, CA)
Invitrogen( Burlington, CA)

Invitrogen( Burlington, CA)
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siRNA transfection reagent
SiRNA transfection medium
TrypsinEDTA

Tween20

Trizol reagent

Ubiquinone2

Ultra sensitive rat insulin ELISA kit

Vybrant apoptosis assay kit

X-ray films

Santa CruzSanta Cruz, CA, USA)
Santa CruzSanta Cruz, CA, USA)
Invitrogen( Burlington, CA)
SigmaAldrich (Mississauga, CA)
Invitrogen( Burlington, CA)
SigmaAldrich (Mississauga, CA)
CrystalChemIincorporation

(Crystal Chem, Downers Grove, IL, USA)

Invitrogen( Burlington, CA)

SigmaAldrich (MississaugaCA)
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B. Methods
1. Cell linesand culture conditions

Both rat insulinomaRINmM5F andINS-1E b-cells used in this studyvere grown in
RPMI 1640 medium containing 10%etal bovine serum ABS), 1% penicillin and
streptomycinat 37 °C in anincubator with a humidified atmosphere of 5% £&@d 9%6
O.. For INS-1E cells, the medium also containdd pM 2mercaptoethanchnd 1 mM
sodium pyruvateln all the experiments where ethanol was useithis thesis the ethanol
concentration was 8&nM. This ethanol dosage was determingsihg a dose response
curve (Fig.4), where this dosageyhen compared to 0 mM ethanshowed a statistically
significantadverseeffecton MTT reductionin bothRINm5Fand INS1 E -cdils For PHB
exposure, cells were either incubated with recombinanitddiged PHB oitransfected
with human PHB gene (see #5 below). RecombinaB Poncentration(10 nM) was
chosen acaaling toa previous study in our groyghis concentratiororrespondingo the
half-maximal concentration shown to inhibit insubtimulated glucose oxidation and
pyruvate carboxylase in adipocytds7]. Table 3 showthe treatment conditions used in

theexperiments

Table 3: Treatment conditions used inthe experiments

Components Gl G2 G2E G2P G2EP
Glucose (mM) 5.5 25 25 25 25
Ethanol (mM) 0 0 80 0 80
Prohibitin (rM) 0 0 0 10 10
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2. Determination of mRNA expression

Total RNA was preparefiom INS-1E and RINm5F cellasing theTRIZOL reagengs
described i n t mal(Invdrogen, Gadsbad,r CA)JSA).Brieftyato lyse
the cells,1 ml of TRIZOL reagent was directly addedthe cultureflask, andsubsequently
the cell lysatewas passgedseveral times tlmugh al ml of pipette The homogenized
samples were incubated f& minutes (min) at room temperat@ (RT) to complete
dissociationof nucleoprotein complexesand then 0.2 ml of chloroform was added.
Sample were vortexed vigorously for 15 secondés) and incubated aRT for 10 min.
Sample tubes werdencentrifuged at 1800x g for 15 min at 4°C After centrifugation
the aqueous phase containing RNA wearefully transferred to anew clean tube To
precipitate the RNAO.5 ml of isopropyl alcohol was aédto the tube and then incubated
at RTfor 10 min.The RNA precipitationwas completedby centifugation at 1,000 x g
for 15 min at 4 °C. The pellet was washed with ml of ice cold 75% ethanol and
centrifuged at13,000x g for 15 min at 4°C. The RNA pellet was aidried on thebench
andresuspendeth RNasefree water Before makig a cDNA, the cooentrationof RNA
was determined using a spectrophotomat&60 and 280 npfiollowed by electrophoresis
on al1l% agarose gel to monitor the integrity of RNANA samplesverestored at80 °C

until use.

Real time PCR was performed in an ABBOO hermocycler The cDNA was
synthesized with 1 pg of total RNA using SuperScriptll RNaseH reverse transcriptase and
random primes (Invitrogen). The primers used in reahe PCR(Table 4)were designed

using Primer Express softwar@ersion 3.0) provided byApplied Biosystems The
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reactions wereperformed in triplicatewith reaction components (Tab® under the
following conditions: 5 min at 94C, 15 s at94 °C, 20 s at59-60 °C, 40 s at 72C for 40
cyclesDat a wer e an al(thresleold cyblgimethol[£88] esaagcan ABI 7500

system softwareand mRNAlevels were normalized to actin mRNA.
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Table 4: List of primersused inthe experiments

Primers Sequence(53 30
PHB
Forward GATTTACAGACAGTGGTGCACACA
Reverse GGGTTCGTATGGCTGGAAAA
ADH 5
Forward CCGCCCCTTTGGATAAAGTC
Reverse GCCCCGTAGCCAGTTGAA
MafA
Forward AGGCCAACCGTGAAAAGATG
Reverse CCAGAGGCATACAGGGACAAC
PDX-1
CCCAGCCGCGTTCATCT
Forward
Reverse CTCCTGCCCACTGGCTTTT
Insulin 1
Forward CTGCCCAGGCTTTTGTCAA
Reverse TCCCCACACACCAGGTACAGA
Insulin 2
Forward AGCACCTTTGTGGTTCTCACTTG
Reverse CGATGCCGCGCTTCTG
Actin
Forward AGGGAAATCGTGCGTGACAT
Reverse GAACCGCTCATTGCCGATAG
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Table 5: Real timePCR reaction components

Components Volumes (ul)
cDNA template 5

2 x Cyber geen master mixture 12.5
Forward pimer(5¢ M 0.5

Reverse pmer(5¢ M 0.5
RNasefree water 6.5

Total volume 25

3. Small interfering RNA (siRNA) transfection

Small interfering RNA (siRNA is known asa doublestranded RNA (dsRNA
moleculehaving20-25 nucletides in length. linterferes with the expression of a specific
genesequencing homologicallyThe process begins with dsSRNA being broken ddmyn
Dicer, which is an enzyme for convertirgther long dsRNAs or small hairpin RNAs into
siRNAs (approximately 2Inucledidesin length. Each siRNA fragmenincoporats into
RISC (RNAinduced silencing complex). ThRISC then binds tadarget mRNAand

degradates, resulting insilencing ofthetargetgene[189].
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PHB siRNA was used to examifHB functionin ethanol treated pancreafiecells.
According to the manufacturer, the PHERHBIA is a pool of three targeipecific 1925
nucleotide siRNAs with the following sequences:

360
CAGCTTCCTCGTATCTACATTCAAGAGATGTAGATACGAGGAAGCTGTTTTT,
1179
CCATTCTGCCGTATATTGATTCAAGAGATCAATATACGGCAGAATGGTTTTT;
1624

CTCAGAGATTGCCCTTTATTCAAGAGAAGAAAGGGCAATCTCTGAGTTTTT.

A scrambledcontrol siRNA, with no sequence homology to any known rat gemas

providedby themanufacturer$anta Cruk

To transfect wit siRNA, RINm5Fcells (~ 9.00 10 cellswell) and INS1E cells(~ 20
I 10° cells'well) were culturedin antibioticfree RPMI 1640 medium for 24. The

transfection was performed at ~70% of cell confluency to increase the transfection
efficiency. SIRNAs wereresuspendeth 330¢ lof the RN&efree wateraccording to the
manufacturer's instructions tonakea stockconcentration ofl0e M SubsequentlyPHB
siRNA andsiRNA transfetion reagent werearefullymixedin a 1:50ratio and incubated
atRT for 15 min. The transfection mixture containing either PHB siRNA or control siRNA
was then added dropwise to cells cultuire® well plates.The transfection was completed

by incubating the cells for 7 In siRNA transfection medium without serum and

antibiotics. Thecells were then washeaith SIRNA transfection mediumand replaced in
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fresh normal growth medium. After 24 the cells werdurtherincubated in the medium

with or without 80mM ethanol for 24.

4. Overexpression of PHB
For overexpressionfd®HB, we usedthe pCMV6 XL5 vector which isa mammalian
cell proteinexpression vectomontaining the human PHB geii@rigene Technologigs
RINmM5F and INSLE cellswere cultured for 24. The transfection was performed at ~70%
of cell confluency Two microgramsof PHB vector or control vectorand 3 ¢ | of
FUGENE HD transfection reagent (Roche Applied Science) were mixed carefti0® ul
of Opt-MEMI Reduced serum medium. After mixing well with pipedf the mixture was
incubated aRT for 15min. The transfection mixture containing eiti@HB vector or
control vectorwas then added to cells cultured owéll plateswith gente shaking The
cells were then washed at P4with 1 ml of normal growth mediumThe cells were

replaced in fresh normal growth medium with or withoutn®@ ethanoffor 24 h.

5. Determination of ethanol concentration

Ethanol assaywere performedenzynatically using the EnzyChrom ethanol assay kit
according tothe manufactured snstructions (Bioassay systems)The kit usesalcohol
dehydrogenasewhich oxidizes ethanolinto acetaldehydand leads to the formation of
NADH. The NADH produed is subsequently coupled ta@a formazarphenazine
methosulfate (PMS) reagenyielding achromophore the intensty of which increase

proportionateo the ethanol concentratiomthe sample.
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Briefly, cell culturemedia were collected at 2¥after incubation with 80 mM ethanol
in a 96well plate Immediately the media were diluted:4 with waterand 10 pl of the
diluted mediawere transferred inteachwell. Subsequetty, 90 ul ofthe working reagent
provided with the kit was added inteeachwell and theOD change at 565 nm was

measured at 0 min and 5 min.

6. Measurement of ADH activity

ADH activity was assssed using MTT and PMS as substrates for NAD/NADH
produ@d by ADH conversion of ethanol into acetaldehy@ells were collected and then
washed twice using cold PBS. Subsequentlyctiks in lysis buffer were sonicatédice
for 15 sfollowed by vortexing. The supernants were collected 8,000g, 4 °C for 10
min. Protein concentration in each fraction was determined by th&#&ioassay using
BSA as standard200 pg protein persamplewere resuspendedn 860 pl of reaction
mixture containing MTT (003 ng/ml), PMS (.11 uM), NAD" (2.78 mg / ml),and EtOH
(0.4%) in Tris-HCIl and 1% Triton pH 8.2. ADH activity was measure@t 570 nm
spectrophotometricallafter adding 40 ul of sample¥eastADH was used astandard
Changes in OD were measured at 0 min and 45 min 3€.25The ADH activity was

normalized tgoroteinconcentrations anexpressed as % ethanol untreatedontrol

7. Determination of mitochondrial membrane potential
Mitochondrid membrane potentiavas determined with MitoP™ JG1, which
detects the mitochondrial permeability transiti@am early indicabr of the initiation of

apoptosisJC-1 allows easy distinction between healitslls (stainedin red fluorescenge
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and apoptotic or mitochondrial membrane compromisellis (stainedin dark green
fluorescenci[190]. Cells wereincubated with 80 mM ethanol for 24 h after transfection
with a pCMV6XL5 vector containingthe human PHB clone. According to the
manuf act ur er bBesmedianmere replacdd iwithrb@ |1l of tmedia containing 1 x
MitoPT™ JC-1 dye reagent and incubated at 37 °C for 15 min. Afteshing the media
were replaced with 100 pl of normal medidhe accumulatedluorescent compounic
mitochondriavasobserved under a Nikon Eclipse TE2@B@uorescence microscope.

As analternativemethod, we employetktramethylrhodamine methyl ester (TMRM)
which specifically accumulasawithin negatively chargetdhitochondriaWe used 1 pM of
carbonylcyanide {rifluoromethoxyphenylhydrazone (FCCB3 a positive controlCells
were incubatedand treatedvith 80 mM ethanolas described aboveAt 24 h, culture
media were replaced with 100 ul of media containing 5 uM TM&E maintainedor 20
min at 37°C. The media weraghenreplaced with 100 pl of PBSandthe accumulated
fluorescent compoundwas measured at 544 nm excitatisravelength and 590 nm
emissionwavelength usinga SpectraMax Gemini XS Fluorescence Microplate Reader

with the SoftMax Pro software (Molecular Devices).

8. MTT assay

Cell viability was determined by the3-(45-dimethylthiazol2-yl)-2,5-diphenyt
tetrazolium bromideNITT) colorimetric assay which tests the ability of living ceits
redu@ a soluble yellow tetrazolium salt to blue formazan crystalsmitochondrial
dehydrogenase For the MTT assay, equal numteof cells (1x 10%well for RINm5F

cells and2.3 x 10*/well for INS-1E cells) were plated onto each well of a 96 well plate and
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cultured for 12 days until ~70% confluencdfter ethanol treatment for 24 hulture
media were replaced 00 pl ofPBS cataining 0.5 mg/ml MTT, and thiecubationwas
continuedfor 3 h at37 °C. The MTT-containing media were removed after 3 h and
replaced with 20Qul of dimethyl sulfoxide PMSO) to dissolve the formazan. The cells
were leftunder the darkfor 30 min atRT. The reductionof MTT to formazan was
quantified by measuring the absorbance atri@nd 630hm using a Spectra M&40

plate reader (Molecular Devices, Sunnyvale, CA)

9. ROS assay

Cellular ROS production was determined using the fluorescent préi{and6)-
chloromethyl2', 7-dichlorodihydrofluoresceindiacetate CM-H,DCFDA). Due to its
lipophilic characteristics,the CM-H,DCFDA probe passes freely through the cell
membranendis cleaved by intracellular esterast® its nonfluorescent forlCM-H,DCF
(5-(and-6)-chloromethy2', 7-dichlorodihydrofluorescein)The ronfluorescent form of
CM-H,DCF is oxidized into the highly fluorescent compound-OKaF in the presence of
ROS[191]. Briefly, the media were pgaced byl00 plof RPMI 1640 containing 5 pM of
CM-H,DCFDA afterethanol treatment for 24 dndthenthe plates weréurtherincubated
at 37°C for 2 h. After washing the media containinGM-H,DCFDA were replaced with
100ul of PBS.Immediately, he oxidzedfluorescensignalwas measuredtthe excitation
length 488 nm and emission length 505 nm using the SpectraMax Gemini XS Fluorescence

Microplate Reader with the SoftMax Pro software (Molecular Devices).
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10. Flow cytometry

Annexin V is a celltar protein inthe family of annexinsa group of proteins known to
interact with cell mmbrane componentsAnnexin V preferentially binds to negatively
charged phospholipids like phosphatidylserine (Rf)ich under normal conditianis
predominantly premt on the inner surface thie plasma membrane facing the cytosol.
Once apoptosiss triggered, the phospholipid asymmetry tbé plasma membranes
broken up and P£ releasd to the outer layer of the membrane. Thasinexin V binding
to PS is a halln& of early apoptais during which the cell membrane remains intact.

For these experimentsells were incubated with 80 mM ethanol for 24amd then
were harvested by mild trypsinization amgashed with cold PB% remowe background
signal caused bythe color of medium The cells wereresuspended in 100l of annexin
binding buffer Subsequentlythe cells werstaned with1 pl of propidium iodideand5 pl
of FITC annexin Vfor 15 min atRT accordingt o t he manuf ac.tTher er 6 s i
reactionwas stopped by adding 4@0 of cold annexinbinding bufferafterincubation for
15 min. The stained cells were immediately analympdo 2x 10* cellsby flow cytometry
using a high speed Beckman Coulter EPICS ALTRA flow cytometer (Beckman Coulter
Canadalnc., Mississauga, ON). Histograms were acquired and analyzed using the EXPO

32 Multi COMP MFA software, Version 1.2B supplied with the instrument.

Floating (apoptotic) cells were resuspended by gently swirling the culture medium and

harvested by iid centrifugationat 100 g for 3 minwhile attached cells were collected

after trypsinizatiorf192, 193] Cell counting was performed using a Beckman Coulter Z2
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Particule Count and Size Analyzer. The ratio of ilegato the attached cells was used as

an index of apoptosis.

11. ATP measurement

The cellular ATP concentration wdsterminedusingan ATP bioluminescent assay kit
according to the manThefki# cantaimse-luafesin, whickis r uct i on
oxidized byluciferasein anATP dependert manner andjenerateghemiluminescenceA
standardcalibration curve wagenerated using serial dilutions of an ATP standeyth
2x10" to 2x10° M. The same amount of cell extrastas mixed with 100 pl of the
luciferase assay reagent in disposable polyseytabes. Aftemixing severaltimes the
tube wasincubatedin the darkat RT for 3 min. The light produced was immediately
measured for 3@ at 560 nmwith an LB 9507 Lumat luminometer (EG & Berthold,

Germany).

12. Protein extraction

For the total protein fractigncells were collected usin@.05% trypsir0.02% EDTA.
The cells werewashedtwice with ice coldphosphatéuffered saline RBS) and then
resuspended in a 30 pl of lysis buffer (1% Ige@al% SDS, 0.5% deoxycholic acid, 1
mM PMSF in PBSpH 7.2and proteasmbhibitors). After vigorous vaexingfor 1 min the
cells were placed on ice for 30 min, and then the homogenates were centrifug&dat 1
g, 4 °C, for 20 min. The supernatants waarefully collected and stored &aR5 °C until

use.
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Nuclear fractios were prepared as describgd94]. After collecting with 0.05%
trypsin0.02% EDTA, thecell pelletswere resuspended in 400 pl of cold buffer A (10 mM
KCI, 0.1 mM EGTA , 0.1 mM EDTA, 1 mM dithiothreitol, @M HEPES, pH 7.9 and
protease inhibitors) by gently mixing. The cells were placed to swell on ice for 15 min, and
then 10 pl of 1% Igepal were addedio each tubeAfter vigorous vortexing for 10 s, the
homogenates were centrifuged &QD0 g, 4 °C, for 30 s. The supernatantepresenting
cytosolic fractions werecarefully collected andtored ai 25 °C until use. The pellets were
resuspaded in 50 pl of iceold buffer B (0.4 M NaCl, 1 mM EGTA, 1 mM EDTA, 1 mM
dithiothreitol, 20 mM HEPES, pH 7.9 andopease inhibitors) by gently mixingifter
further centrifugation at 3,000, 4 °C, for 5 min the supernatants, representingclear
fractions,werecollectedandstored &i 25 °C until use.

Mitochondrid fractiors were preparedusing a cytosol/ mitochondria fractiomtion
kit from Cabiochem (Germany)Briefly, cells were collected with 0.05% trypgin02%
EDTA. After washing twice with ice colghosphatéuffered salinend centrifugatiorat
2500 g for 5 min 4°C , the cells were@esuspened ina 30 pl of Cytosol Extract Buffer
provided with the kit and then incubated on ice for 10 minThe cells werethen
homogenized and centrifugiat 8509 for 10min at4 °C. The supernatant was transferred
to a clean tube and centrifuhat 9,000 g for 30 min at 4 °C. After centrifugation, the
supernatant was diarded and the pelletepresenting the mitochondrial fractjowas
resuspended in 50 ul MitochondriaExtract Bufferprovidedwith thekit and vortexed for
10 s. The mitochondrial fraction was star@ti 80 °C until use. Protein concentration in

each fraction was determined by the Bad assay using BSA #se standard.
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13. Western blot analysis

Equal amounts of proteins wdveiled for 5min to denature and unfold the proteins and
then sepatadbased on the molecular weighy SDSpolyacrylamide geélectrophoresis
After electrophoresigroteirs weretransferred to a nitrocellulose membrane using a-semi
dry blot apparatus (TrarBlot SD Cell;Bio-Rad). After transfer, the membrane was
blocked for 1 hat RT with 5% nonfat dry milk in Tris-buffered salinéd.1% Tween 20
(TBS-T), to avoid nonspecific antibody bindingfter blocking, he membrane was rinsed
twice with TBST and incubated with a primary antibody RT for 1 h. After further
waghing twice for 7 minwith TBS-T to remove unbound primary antibqdite membrane
was incubated with horseradish peroxidesejugated secondary antibody for 1 h and
washed two times for 7 mirespectively The proteirantibodycomplexes were detected
using the enhanced chemiluminescence (E@Ee}ection kit. The same membrane was
subsequently stripped with 15 ml of strip buffer (100 mih@rcaptoethanol, 2% SDS,
62.5 mM TrisHCI, pH 6.7) at 5°C for 30 min andwvashed three times for 10 min to
completely rerave 2mercaptoethanol. The stripped membrane wegrobed with
antibody as appropriatssted inTable 6 Quantitative image analysaf each target protien

was performed using NIH Image softwahagge J.
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Table 6List of antibodies used ithe exgriments

Antibodies Dilution rate
Actin 1: 5000
ADH5 1: 1000
Bax 1:1000
Cleaved caspase 3 1:1000
Caspase 3 1:1000
Histone 1 1:1000
Heat shock protein 60 1:1000
JNK 1:1000
MafA 1:1000
p-JNK 1:1000
PDX-1 1:1000
PHB 1:650
UCP2 1:1000

14.Immunocytochemistry

Immunostainingvascompletedusingchamber slide(Nalge Nunc International,
Tokyo, Japan)Equal number oRINm5F cells(1 x 1G/well) were cultured in RPMI 1640
medium supplemented with 10% FBS, 1% penicillin and streytonuntil 7680%
confluence. After rinsing with PBS, the cells were incubated for &lrentiordin
Table3. To investigate whethezxogenouslis-tagged PHBadded to the culture media

entered the cells following incubatiaihe mediawereremowed, andhe cells were
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washed, and thefixed with 4% paraformaldehyde for 30 mifihe cells wer¢hen
incubated with PBBT (1% Bovine Serum Albumin, 0.1% Tween 22)RTfor 1 hto
preventmonspecific antibody binding he cells wersubsequentlyncubated withthe
mitochondrial dye Mitofluo™ Red 589 (final concentration: 5 pg/ml) for 20 rnstain
mitochondriaand then serially incubated wigimti-His-FITC (1:650) for 1 Hor
exogenouslis-taggedPHB, and Hoechst 33342 (final concentration: 2.5 pg/ml) fionird
for nucleusstaining To detect the distribution of endogenous PHB, the cells were fixed
with 4% paraformaldehydat RTfor 30 minand themonspecific antibody bindingtes
were blockedvith PBSBT at RTfor 1 h. Thecellswere then serially incubad witha
rabbitanti-PHB antibody (1:650) for 1 h, Mitoflud! Red 589 for 20 min, antabbit

FITC (1:650) for 1 handHoechst 33342 for 5 miat RT. Thestained images on the slide

were captured with Nikon Eclipse TE200& fluorescence microscope.

15. Immunoprecipitation (IP)

Equal amounts of mitochondrial extracts were incubated overnighiCaadd constant
rotation with 1 pg ottytochrome ¢ oxidase subunit Il antibootly500 pl of PBS buffer,
pH 7.2, containing 1% Igepal, 0.1% SDS, 0.5%xyebolic acid, 1 mM PMSF, 1 mM
NaF, 2 mM NgVvVO,and protease inhibitoré&fter overnight incubation50 pl of proteirA
agarose wreadded to eactubefollowed byincubaton at 4°C for an additional 3 h. The
beads were washed three times with §00of the samecold buffer. The pellets were
resuspended in 5@l of SDS sample buffer and stored-ab °C until use. The immune
complexeswvere separatedby electrophoresien 12 % polyacrylamide gelsAfter transfer

onto nitrocellulose membrage the blots wereprobed with appropriate antibodies
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(cytochrome c oxidase subunit lHnd PHB. Subsequentlythe same membrane was
reprobed after stripping,with the appropriatantibod/ (cytochrome ¢ oxidase subunit Il

and PHB)

16. Determination of insulin secretin

Glucose induced insulin secretion (GIMs investigated usin@lS-1E cells, which are
known to respond to glucog&95], but not in RINm5F cells as these cells show poor
glucose responsd 96]. INS-1E ells were further cultured for 24 following treatment
conditiors described in Tabl8. After PHB transfection, the cells were waslweete with
KrebsRinger Bicarbonate Hepes bufféKRBH). The cells werghen preincubatedat 37
°C for 30 minin 750 plof KrebsRinger Bicarbonate Hepebuffer (140 mM NacCl, 3.6
mM KCI, 0.5 mM NaHPQ,, 0.5 mM MgSQ, 1.5 mM CaCJ, 2 mM NaHCQ, and 10mM
Hepes, pH 7.4)containing 0.1% bovine serum albumand 2.2 mM glucose.After
washing cellswere stimulatedat 37°C for 30 min with 2.2 mM or 16.7 mM glucose
750 pl of KRBH. The media werenarvested and storeat -80 °C until use. Insulin
secretionwas determined bw rat insulin enzyme linked immunoaay kit according to
instructiors provided bythe manufacture The ®cretedevel ofinsulin was normalized to

total protein.

17. Measurement ofNADH dehydrogenaseactivity
Mitochondrial NADH dehydrogenasécomplex ) activity was determined usinthe
Complex | EnzymeActivity Microplate Assay kit (Mitosciencespaccording to the

manuf act ur er @gefly,i cells twere cadllectednwgith 0.05% trypgin02%
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EDTA, washed twice with cold PB&ndlysed with the detergent provided with the kit.
Equalproteinamounts were diluted with the incubation buffer to 400 pl, half of which was
transfered in duplicates into two wells of a 96 well pladed the plate was incubatatl

RT with rotationfor 3 h. After washing twicewith 300 | of buffer, the platewas faced
down on paper towel to remove buff8iwo hundred microliter®f reaction buffer was
thenadded to each welind OD measurement was performed automatically every min for
30 min at450 nm inan ELx 808 Ultra Microplate Read€Bio-TEK Instrumens,

Winooski, VT).

18. Measurementof succinate dehydrogenasactivity

Succinate dehydrogenageomplex Il) activity was determined using Complex Il
Enzyme Activity Microplate Assay ki{Mitosciences)laccor di ng to t he
instructions. Briey, equal amourd of proteirs werediluted with the incubation buffer to
100 pl, half of which was transferred in duplicates to a 96 well plate as described for
complex 1.The plates were incubated at Riith rotationfor 2 h After washing twicevith
300  of buffer, the platewas facad down on papeto dry out The platewas further
incubatedat RT for30 minin 40 pl of a lipid solution provided with the lbefore adding
200l of reaction bufferThe change in OD values at 630 nm was measured autaityatic

every min for 1 hin an ELx 808 Ultra Microplate Read@io-TEK Instrumens).

19. Measurementof cytochrome bc; complexactivity
Cytochrome kc; (complex Ill) activity wasmeasured as describgk®7]. In brief, cells

were collected with 0.05% trypsih02% EDTA,andwashed twicevith cold PBSat 350
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g for 5 min. The cells were homogenized by somuzatfor 2x 10 s prior to protein
quantification Equal amourg of proteirs weremixed in reaction buffer containing 25 mM
potassium phosphate (pH 7.4), 5 mM Mg mM KCN, 2 pg/ml rotenone, 2.5 mg/ml
bovine serum albumin and 50 uM cytochromara thernincubatel at RT for 2 minRight
after adding50 uM ubiquinol2, OD was measure@very minutefor 5 min at 550 nm

usinga spectrophotometéPharmacia Biotech Ltd., Cambridge, YK

20. Measurement of cytochromec oxidase complex activity

Cytochrome ooxidase (complex V) activity waquantified by measuring the rate of
oxidation of reduced cytochrome c at 550 [187]. The cells were washed with cold PBS
twice using centrifugation &50g for 5 min. The cells werthenhomogenizd and eual
amouns of proteirs were mixed with Lauryl Maltoside(LM) buffer (40 mg/ ml) and
incubated aRT for 1 min and therwith 20 mM of potassium phosphate solution (Kpi
solution containing KpHPO, and KHPO, pH 7.4). Immediately40 uM of reduced
cytochrome c¢ wereadded intoand mixed and change in OD value at 550 nm was

monitoredusingaspectrophotometéPharmacia BiotdtLtd., Cambridge, UK).

Statistical analysis

The data were analyzed by one way ANOVA with Tukey multiple comparisons or
St ud etedt ang are presented as the mean + S&ild P < 0.05 was considered
significant. Treatment results were comparedhwcontrol For RINm5F celk, control is

defined ascells incubated with25 mM glucose concentration alone, as thisthe
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recommendedjlucose concentratiofor RINmS5F cell culture (ATCC)For INS1E cells

controlrefers to cellsot treaked withethanol
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V. RESULTS

1. PHB is expressed irb-cells and increased by ethanol.

To deter mi ne t he e x p fcals sweo first pefformed H B
immunocytochemistrysing RINm5F cellsand found thaendogenous PHBs present in
the nucleus awell as inthe perinuclear area (Figl), the lattersuggesting mitochondrial
localization. We also analyzed PHB protein level by western blot and mRNA expression
by real time PCRUsing these techniguesewconfirmed that PHB protein is present in
p ancr «dld, has a tendency to increase at the low 88 mM) compared with the
high (G2: 25 mM) glucose concentrations, and clearly increases by 92% in cells treated
with ethanol (Fig5). PHB mRNA expression showed a similar expression pattern as the

protein level (Fig6).
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Figure 4: Cellular distribution of endogenousPHB in RINmM5F cells

RINmM5F cells were incubated for 24 h with or without ethanol (E, 80 mM) and with or
without PHB (P, 10 nM) in the presence of glucose (G1: 5.5 mM, G2: 25 mM). At 24 h,
cells were stained with Hoech38342 (blue)Mitofluor Red 589 (redandanti-PHB/antk
rabbitFITC (green)n = 3 experiments
A: Hoechst 33342 staining for nuclei; Blitofluor Red 589%tainingfor mitochondria;

C: antiPHB/antirabbitFITC staining for PHB; D: mergeArrows indicatestaining of
PHB.
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Figure 5. Effect of ethanol and exogenousPHB on PHB protein expression in
RINmMS5F cells

RINmM5F cells were incubated for 24 h with or without ethanol (E, 80 mM) and with or
without PHB (P, 10 nM) inthe presence of glucose (G1: 5.5 mM, G2: 25 mM). Cell
extracts were immunoblotted with aitHB. A representative western blot is shown where
recombinant human PHB was run in parallel with cell extracts, and the 30 kDa endogenous
PHB band is seen below tlitis-tagged recombinant PHB (exogenous PHB). Bars show
endogenous PHB protein (30kDa) expressed as the m8&M arbitrary units relative to
actin (n= 3 experiments).
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Figure 6: Effect of ethanol on PHB mRNA expression in RINm5F cells

RINm5F ells were incubated for 24 h with or without ethanol (E, 80 mM) and with or
without PHB (P, 10 nM) in the presence of glucose (G1: 5.5 mM, G2: 25 mM). PHB
MRNA levek weredetermined using real time PCR. PHB mRNA lewekreexpressed as
the mearx SEM fold of G2 (n=3 experiments) aftdseingnormalized to actin mRNA.

2. PHB localizes tothe mitochondria.

To confirm PHB mitochondrial localization, cellular fractions were prepared and
analyzed by western blot. In a western blot analysis wihticlear fraction, the level of
PHB protein decreased in the cells exposed to ethanoli&jgwhereas PHB increased in
the cytoplasmic fraction (FigiB), suggesting PHB protein exclusion from the nucleus

with ethanol treatment. Subsequently, in westaiot analysis of mitochondrial fractions,
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we found that PHBcolocalizes with the mitochondrial marker heat shock protein 60,

indicating PHBIs preferentially localized to the mitochondria in cells exposed to ethanol

(Fig. 7C).
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Figure 7: Effect of ethanol and exogenou$HB on endogenousPHB localization in
RINmMS5F cells

RINmM5F cells were incubated for 24with or without ethanol (E, 80 mM) and with or
without PHB (P, 10 nM) in the presence of glucose (G1: 5.5 mM, G2: 25 mM).
A. Representiave western blot of PHB in nuclear fraction with histone Hlaamsiclear
marker showing decreased PHB level in RINm5F cells exposed to etharwl3(n
experiments). B. Representative western blot of PHB in cytoplasmic fraction with actin as
cytoplasm marke(n = 3 experiments)C. Endogenous PHB protein the mitochondrial
fraction, expressed as the meaSEM arbitrary units relative to the mitochondrial marker
heat shock protein 60 13 experiments), with a representative western blot.

3. PHB is phosphorylated on threonine residus by ethanol.

We were intigued by changes in the cellular distribution of PHB under conditions of
oxidative stress induced by ethanol and souglmvestigatewhether endogenous PHB is
posttranslationally modid It has, indeed, been suggested that -prasslational
modification of proteins may be implicated in their cellular distributj@@8, 199]
Cellular extracts were subjected to western blot analysis using lair@tion of aniPHB
and antiphospheaminoacid antibodies. Image substraction showed that, in cells exposed
to ethanol, antprohibitin antibody deected a protein band of 43kRdso recognized by

antirphosphethreonine antibodies (Fi§).
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Figure 8: Ethanol increases the phosphorylation of PHB

RINmM5F cells were incubated for 24 wWwith or without ethanol (E, 80 mM).
Representative western blot of cellular extracts blottath antiphosphothreonine
antibodies showing PHB phosphorylation dhreonine residue is increased with ethanol
treatment (r= 3 experiments).

4. PHB restores mitochondrial function in ethanol exposed pancreatib-cells
Thet oxi ¢ ef fects of-cebswérafisbdeterrmimed ysiagye®ITTe at i ¢ b
assay in both RINm5F and INEE cells incubated with various concentrations of ethanol
for 24 - 48 h (Fig.9). MTT in both cell lines at 24 h showed a ddspendent reduction,
which was statistically significant at 80 mM ethanol. At this concentration, MTT reduction
was decreased by approximately 30% compared to controls in both RINm5BAJFand
INS-1E cells (Fig9B). As well, MTT reduction was compddia with that observed at low
glucose concentration of 5.5 mM (labelled G1, Hi@)., which is much lower than the 25
mM glucose concentration (labelled G2) recommended for maintenance of RINm5F cells

in culture. As shown for INSE cells (Fig.9C), therewas little difference irthis toxic
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effect of ethanobetween 24 h and8 h, where the effect at 40 mM became statistically

significant.
A (RINmM5F)
120 -+
100 * *
S a0
o
S 60 4
(=]
= 40 4
E 20 -
D = T T T T T
OmbA 20mM  40mh B0mM B0mhd  100mhA
EtOH
B (INS-1E)

1207

100 7

=
80
&0
40
20
0 4 I I 1 I I

omm 20mM  40mM 60mM 80mM  100mM

EtOH

MTT (% of control)

Continued

-69-



Results

C (INS-1E)

120 -

100 1

80 : , - g :
60 1

40 A

20 1

0 - | | | | | |

OmM  20mM  40mM 80mM 120mM 160mM 200mM
EtOH

MTT (% of control)

Figure 9: Effect of ethanol on MTT reduction in RINm5F and INS-1E pancreatic b-
cells

RINmSF cells (A) and INSLE cells (B) were incubated for 24 h in RPMI 1640 medium
containing various concentrations BfOH. INS-1E cells were further incubatddr 48 h
(C). The results are expressed as percentage of control wit@iH and shown as the
meant SEM, n=4 experiments* P < 0.05 versusO mM control.
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Figure 10: Effect of ethanol andPHB on MTT reduction in RINm5F cells

RINmM5F cells were incubated for 24 h with or with@tOH (E, 80 mM) and with or
without PHB (P,10 nM) in the presence of glucose (G1: 5.5 mM, G2: 25 mM). The results
are expressed as the mea8EM percentage of G2.P < 0.05 versugontrol.

Because studies in several tissues have shown that excessive alcohol consumption leads
to cell injury through production of ROS and mitochondrial dysfuncfick6, 141, 200Q]
ROS production was determined in RINm5F cells using the fluorescent probe CM
H,DCFDA. Ethanol at 24 h increased ROS production by 43% cadpaith thecells
incubated without ethanol at a high glucose concentréfignll). In contrastjncubation

of cells withrecombinant PHRIecreased ROS productitmcontrol level.Of note,ROS
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productionalsodecreased by ~80%nderlow glucoseconditon, suggesting that ROS

production was related to oxidative phosphorylation.
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Figure 11: Effect of ethanol andPHB on ROSproduction in RINmM5F cells

RINmM5F cells were incubated for 24 h with or without ethanol (E, 80 mM) and with or
without PHB (R 10 nM) in the presence of glucose (G1l: 5.5 mM, G2: 25 mM). ROS
productionwas determined using the fluorescent probe-BNdCFDA. The results are
expressed as the measEM percentage of G2,73 experiments.

Because oxidative stress has been sugdédstinduce uncoupling protein 2 (UCP2)
expression at the expense of ATP synthg4], the leves of UCP2 protein and ATP
production were determined in RINm5F cells. UCP2 protein level determined by western
blot with an andtUCP2 antibody was increased by 42% in cells exposed to étiano
parallel with increased ROS production (Fi8). Remarkably, the level of UCP2 was

lower at low (G1) than at high (G2) glucose concentration, as observed for MTT reduction
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and ROS levels (Fid.2). As would be expected, ATP production decreaset48#o
(Fig. 13) with ethanol exposure compared to,@Ran inverse proportion with the UCP2

protein level.
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Figure 12: Effect of ethanol andPHB on UCP2 protein expression in RINm5F cells

RINmM5F cells were incubated for 24 h with or without etiig, 80 mM) and with or
without PHB (P, 10 nM) in the presence of glucose (G1: 5.5 mM, G2: 25 mM). UCP2
protein level was determined by immunoblotting wathanttUCP2 antibodyand the sae
membrane was stripped angrebed withananttactin antibodyThe results are expressed
as the meatt SEM arbitrary units relative to actin/n3 experiments.
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Figure 13: Effect of ethanol andPHB on ATP production in RINmM5F cells

RINmM5F cells were incubated for 24 h with or without ethanol (E, 80 =) with or
without PHB (P, 10 nM) in the presence of glucose (G1: 5.5 mM, G2: 25 mM). The
cellular ATP production was measured usamgATP bioluminescent assay kit. The results
are presented as the mea8EM, n= 4 experiments.
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In contrasttreatment of ethanol exposed RINm5F cells with recombinant PHB reduced
UCP2 protein levels (Fidl2) in direct proportiorto ROS production (Figll), whereas
thisincreased ATP production (Fi§j3) and cell viability determined with MTT, to control
levels. These effects indicate that PHB restored mitochondrial function that was altered by
ethanol. In particular, the effect of PHB on ATP levels suggested that PHB rescued
mitochondrial complex (ATP synthase)We therefore probed the effect of PHB on the
upstream mitochondrial complex IV in RINmM5F cells. We found that PHB treatment
restored PHBnteractionwith cytochrome c¢ oxidase subunit Ill, which had been disrupted

by ethanol treatment (Fid4).
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Continued
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Figure 14. Effect of ethanoland PHB on cytochrome c oxidase

Cell lysates were imomoprecipitated with anttytochrome ¢ oxidase subunit Il (cyto
3) and then immuooblotted with antPHB or anticyto 3 using the same stripped
membrane. Results show representative blotsexperiments).

A. INS-1E cellsincubated with 80 mM ethanol for 24 h after transfection with PHB. V;
vector, VE; vector_BEOH, P; prohibitin, IE; prohibitin_EOH, NC; negative antrol
without primary antibody

B. RINm5F cells incubated for 24 h with or without ethanol (E, 80 mM) and with or
without PHB (P, 10 nM)C; control, E; EOH, P; prohibitin, PE; prohibitin_t©H
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Similarily, PHB protein was abundantly expressed in both RINm5F (F4) and
INS-1E (Fig.15B) cells transfectedith thehuman PHB clone. PHB owexpression
prevented alterations of mitochondrial function caused by ethanol. Indeed, PHB prevented
MTT reduction in etanol treated cells, and this effect was also evident inEllSells
treated with 10 uM bD» (Fig. 16), supportinghat the effects of PHB on MTT in ethanol

exposed cellsveremediated by its antioxidant properties.

A
Yector PHB
B
Yector PHB
PHB
Actin

Figure 15: Over-expression ofPHB in RINmM5F and INS-1E cells

RINm5F (A) and INS-1E cells (B) were transfected withCMV6-XL5 vector
containingthe human PHB gene and ovexpressed for 24.Representative western blot
showing PHB protein exprass levek after transfection (F 3 experiments)
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Figure 16: Effect of over-expression ofPHB on MTT reduction in INS-1E cells

INS-1E cells were transfected withCMV6-XL5 vector containingthe human PHB
gene MTT reduction was measured aftecubation of EOH or 10uM H,O,for 24 h. The
results were expressed as the me&@EM percentage of vector controlP < 0.05 versus

vector.
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We next determined thateractionof PHB with cytochrome ¢ oxidase subunits in PHB
overexpressig INS-1E cells exposed to ethanol. PHBestoed the interaction of
cytochrome c oxidase subunits in INE (Fig. 14), asalreadyshown in RINm5F cells
This restoration of PHBytochrome dnteraction may explain the assatedrecovery of
cytoclrome c oxdase activity (Fig 22). These resultare in agreement with the reports

that PHB binds to cytochrome c oxidase subuninlifeast{51, 52]

Because increased ROS levels and decreased ATP productiondradigatpairment of
mitochondrial function, we determined the activity of mitochondekgctron transport
chainand mitochondrial membrane potential. This was carried out in both RINm5F and

INS-1E cells.

We determined the mitochondrial membrane pidémusing JE1 and found it to be
reduced in both RINm5F and INEE cell lines after exposure to ethanol (Fig. 17). In a
different approach,he mitochondrial membrane potentishs measured by TMRNh
RINmS5F cells andalsofound to besignificantly decrased by ethanol exposure (Fid).

In contrast, the mitochondrial membrane poterdidlinot collapse aftegthanol treatment

of PHB overexpressig b-cells (Fig.17, 18).
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Figure 17: Effect of ethanol and PHB on mitochondrial membrane potential

determined using JG1in INS-1E and RINm5F cells

INS-1E and RINm5F cells were incubated with 80 mM ethanol for 24 h after
transfectiorwith pCMV6-XL5 vector containinghe human PHB clon@nd then the cells
were stained wittMitoPT™ JG1 dyefor 15 min to detect the mitochondrial membrane
potential transition(n=3 experiments). A. INGE, B. RINm5F.Normal red filtershowing
healthy cells Impaired green filtershowing apoptotic cells or cells with compromised
mitochondrial membrane

- P<0.05
180 P<0.05
160 |
140 ‘
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Figure 18 Quantification of the effect of ethanol and PHB on mitochondrial

% of vector

membrane potentialdetermined using TMRM in RINmM5F cells

RINmM5F cells were incubated with 80 mM ethanol for 24 h after transfeutitn
pCMV6-XL5 vector containinghe human PHB cloneand then the cells were incubated
with 5 uM TMRM for 20 min.Fluorescencéntensity was measured at 544 excitation
and 590 nnmemissionusinga fluorescence microplate readgr = 3 experimentsCCP.
carbonylcyanide frrifluoromethoxyphenylhydrazoneas used a a positive controlThe
results a@ expressed as a percentage of the vector and shown as the &tedn
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The membrane potential is a reflection of overall electron transport fthmation To
further explore the contribution of each mitochondrial complex to this impairment in
membrane potgial, we determined the activity of complexe®/| INS-1E cell incubation
with ethanol decreased the activity of NADH dehydrogenase (complex I)46¢o~-(Fig.
19) andthat of cytochrome c oxidase complex (complexiby)~33% (Fig.22). However,
PHB overexpresn prevented alterations dADH dehydrogenase and cytochrome c
oxidase activities in ethanol exposed cells (A§, 22). Interestingly, cytochrome c
oxidase activityparalleledPHB interactionto subunit Il (cyto 3) of cytochrome c oxidase
compex as well as ATP productignas shown in both INS1E cells (Fig. 14A) and
RINmMS5F cells (Fig.14B). Remarkably, howeveeither ethanolor PHB had no effect on
the activity ofsuccinate dehydrogenase (complex I, R@). or cytochrome kc; complex

(compkex Ill, Fig. 21).
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Figure 19: Effect of ethanol and PHB on MADH dehydrogenase activity (complex 1)

in INS-1E cells

INS-1E cells were transfected with pPCMV6XL5 vector containinghe human PHB
gene and then incubated with 80 mM etblafor 24 h.NADH dehydrogenase activity was
determined by measurement of OD valaesry minuteat 450 nimfor 30 min. The results
are expressed in nmol/min/mg protein and shown as the m8&M, n=5 experiments

-83-



Results

Succinate dehydrogenase
{(nmol/min/ mg protein)
S o288 S

1]

Figure 20: Effect of ethanol and PHB on succinate dehydrogenase activity (complex
II) in INS-1E cells

PHB wasoverexpressed in INSE cellsandthe cells werdurther incubated with 80
mM ethanol for 24 h. Change in OD valueas assesseslery minute for 1 fat 630 nm.
Resultsare expresseith nmol/min/mg protein and shown as the mes8BEM,

n =4 experiments
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Figure 21: Effect of ethanol and PHB oncytochrome b-c; complex activity (complex
[Il) in INS-1E cells

PHB overexpressingNS-1E cellswere treatd with ethanolfor 24 h. Cytochrome-o;
complex activitywas determined by measurement of OD values at 550 nm for 5 min. The
results are expressed in nmol/min/mg protein and shown as thetrséav,

n =4 experiments
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