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UL <7 Abstract LA

Nutrltlonally qomplete diets dltferlng in' dlet fat fatty-acid compositlon
? were ted to‘apldly growlng male weanllng rats to 1) assess the eﬂect ot dlet-iat
- ompoaltlon on brain membrane phcsphollpld composltlon and 2) exemlne the
'-effect of diet-fat composltlon and assoqlated membrane changes on'
B phosphatidylchollne blosynthesls via the CDP-choline and PEMT pathways n |
: ""was hypothesized that diet fats provlding a hlgh ratio ot n 61n-3 tatty aclds R {‘
,_ i' would result In lncrpased content of polyunsaturated specles ot phosphatldyl- |
| ethanolamine in brain membranes An lncrease in polyunsaturated species of
phosphatldylethanolamtne was’ hypotheslzed to stimulate the PEMT pathway. T
for phosphatidylcholine blosynthesrs by provldlng preierred substrates for the .
| methyltransterase lncreased phosphatldylcholine synthesis via the, P,EMT -
-'pathway may be accompanied by a decrease In blosynthetlc actiwty vla the
’ CDP chollne pathway | - | '
! The nature of dietary fat ied was fcun( to produce 'changes ln brain -
microsomal .and synaptlc plasma membrane phospholipld iatty acidn«»
'composrtron Dret fat n-6/n- 3 ratio was hlghly correlated wlth membrane S
—phospholipld n-6/n- 3 ratio. ‘The n-3 content of; dret fat was reilected most _
profoundty in membrane phosphatldylethanolamlne .\Eeased content Jof -
\ long-chaln n- -6 and n -3 homologues in membrahe phosp idylethanolam(te
: mfluenced the rate of phosphatldylethanolamlne blosynthels via the PEMT. “
i pathway m PEMT pathway was shcwn to be’ stlmulated by?-
rncreased content of long-chain n-6 homologues ln membrane phosphatldyl-
. ethano‘laztine which results from feedlng a diet fat with a hlgh n-6/n-3 ratio |
| Phoer;%ocholinetrapsferase actlvity was found to be present in brain\,
'mrcrosomal and synaptic plasma- membrane fcactlons and to be iniluenced by
Voo L L o
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o the natyre of the diet tat ted lncreaeed levels c:i n-3 fatty acld in membrane
phosphatidylethanciamrhe were asscciated “with increased phdsphatidyl- '

| _*choilne synthesis via: the CDP-choIlne patWay *The' eftect of dlet-fat

‘ ccmpositicn on phosphatidylchoi{re bioeynthesis via PEMT and CDP-chothe -
pathways was cc-ordinated such that mulation of synthesis ia one rcuteé‘
7 was aiebciated with & decreased rate of synthesis via the aite nate pathway

!3:‘ \‘ LR : :

“.

,The content and cbmpoeltlcn of phosphatidyiethanolamine pecles rich in

L. 28 5(6) and 22 6(3) appear to exert the greatest iniiuence ".' S of the

o rgute for phosphatidylchoiine blosynthesis.

The abiiity ta alter the contributhn pt distinct pools oi phcsphatidyl- -

’ -'choline to membrane phosphouprd/content suggests that dlet fat may be-utilized

" Ina therapeutic capacity to alter the progress of disease states that involve

"'change in membrane phosp‘nohprd composrtron as a component of the disease, ’

. process. .
. 2
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R brain Iipld metabolrsm wrth comparisons made to iipld metabolism in Ilver

‘

‘ Chapter I

lntroductlon SR FERs e

(Frgure 1 ‘l) many quesgai remain unanswered about speclfio control of.

membrane phosphollpid s

: sub-oeilular\compartments These oontrol mechanisms are fundamental to,'

o possess qurte drfferent physuochemical propertles (Holub and Kuksis; 1978)

“ Although major routes of phospholipid synthesis are well established

ies in different animals organs cell types and o

- dufferences |n membrane function In chemlcal terms, different lipid species .

biologicai terms the importande of membrane lipid oontent oomposltion and}v* :

_turnover on membrane structure and function has been. established (Whaie

: 1983) Control of membrane phospholipld balance and fatty acid composltion

\may potentially be regulated to achle‘e some optimum function of the"

membrane lnteresf ‘therefore, lies in . eterminrng factors for. control and

' therefore potentral to manrpulate specific membrane functions when transmons '
v|n naturai processes of regulation occur Natural perturbations in regulatory'

. mechamsms may occur in response to aging, disease or lack of appropnateif '

substrate such as may oocur dunng penods of rapid growth and development,

Phosphatrdylethanolamme and phosphatrdylchollne are the major"

phospholrprds present in many blologlcal membranes and are accorded the :

‘ major focus for discussion |n this thesis. The dlscussron wril focus pnmarily on

Synthesis of Phospholipids

- The ongm wrthin a, tissue of phosphatidfc acid and diacylglyoerol and; _

‘ the formatron of tngiycerlde phosphatidylethanolamme, and phosphatidyl-’

v choime from these precursors shouid theoretically result rn slmilar compositrons

‘b-

B 1 B ) o

. &
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Figure 1.1.

‘Routes 6f p,hdsP,h.dllbld synthesig S
- DHAP = dihydroxyacetone phosphate; DG = diglycaride; PG = phosphoglyceride - -

+>Pc
3SAM . '

Ethanolamine

- Pl = phosphatidylinositol; CL = cardiollpin; ‘MG = monoglyceride; TG = triglyceride;

PE -‘vphosphatidyl'ethanolamine; ‘PC ;-'bhcsz_phatidyldloline'; ‘P8 = phosphatidylserine .



- ,fO'.tlt-e'sel;iplds“‘?/" derived from the same source ‘l'hls. however, ls n,ot theq,,

'~ case (Akesson

mentation of phosphatldlc acid and/or - dlacylglyoerol wlthln subcellular

969; Whlte. 1973). suggestlng 1) hlghly speolflo oompart- ., ’

‘ fractions. or 2) formation of diacylglyoerols lndependently ot phosphatldlo aold o

~(mono- acylglycerol pathway. Johnston ot al., 1970 reversat of phospho-

»transferases, Petzold and Agranoff 1967 Kanoh and Ohno, 1975) .o

Charaotenstic patterns of phosphatidylethanolamlne and phosphatldylohollne

also: anse by de novo synthesis from 1,2- dlacylglycerols (Kennedy, 1961). .

B acylatron of Iysophosphatrdes (Lands 1965) stepwise methylatlon ot"g |

'phosphatldylethanolamlne to form phosphatldylchollne (Bremer et al 1960) |
‘and decarboxylatlon of phosphatidylse]gne to. form phosphatidylethanolamine
| (Borkenhagen et al., 1961).~ Base exchange reactions for the blosynthesis and

’mterconversnon of phosphatldylethanolamme and phosphatidylchollne are not

. thought to be quantltatlvely |mportant under physnologlc condltlons (Bjerve. ~

‘1971 Sundler 1973 Kanfer 1982). These pathways produce dlstlnctly |

drfferent molecular specnes of phosphatldylcholmes and phosphattdyletharrol«_f.

amines.’

O

“The capacuty of a partucular cellular or suboellular fractlon to elongate/

desatu rate avatlabl

fatty acid substrate deacylate reacylate exlstlng |

( membrane lrprd fatty cids, degrade exlstlng llpid and syntheslze new lipld will | )

determune rn s/tu co trol of membrane phospholipid compositlon The transter o

o i functlons at a glvef subcellular sute



-'fPhoephatldylothanolpmlne ! .
CDP-Ethanolamine Pathway | .

RN Ethanol lnephosphotransferase ls a mlcrosomal enzyme: (Coleman |
and Ball, 197ex

al., 1978 Veochlnl ot al., 1987) that functions ln the tormation of phosphatldyl- :

lstlnot from phosphochollnetransferase (Radomlnska-Pyrek ot

: ethaholamlne lrom CDP-ethanolamlne and 1 2-dlacylglycerol

AP _ADP Pl
Ethanolamlne -—ﬁ—b Phosphorylethanolamme

. A : CTP ¥ I N s -
Phosphorylethanolamine —-——b“" CDP»EthanoIamme

., . ' Ethanolamine-
! v L ) phosphotransleraso

o 'CDP-Ethanolamin9+DG PE+CMP
| Y L : %

N Although some controversy, related pnmanly to methodology. exists asn
,Q to the specuﬁcrty{Kanoh and Ohno, 1975; Holub 1978) or lack of specificity

"(de Kruijtf et al -1970; Kanoh 1970) of ethanolamlnephosphotrahsferase for
dlacylglycerol substrate, it appears lrom bo‘th in vitro and. in wvo work that -
ethanolamlnephosphotransferase exhlblts substrate specrfrcrty, WhICh

: aocounts, at least partly, for phosphalld}lethanolamlne 's charactenstlc fatty- -

-‘;"Qexogenously added dlacylglycerol ot known specmc actlvlty, Holub (1978)'

;‘."showed a preference of ethanolamlnephosphotranslerase for dlacylglycerol o

species containlng docosahexaenolc acld over those contalmng monbendic,

) ,..acid proflle (Holub and Kuksis, 1971) Uslng llver mlcrosomes and o

dlenolc or tetraenolc specles More speciflcally. species. of dlacylglycerol.} o

. »wnth stearate rather than palmitate at the 1-posrtion were favored substrates
oo Kanoh and Ohno (1975) also demonstratergthe specltlclty for hexaenonc‘,

‘specles ol diglycerldes uslng llver mlcrosomes enriched ln dlacylglycerols R

?

- tormed from the reverse reactlon of phosphocholinetransferase Sundler and_ -

~



; TAkesson (1975) measured the blosynthetlc rete ci epecillc phdiphatltlvl«"
ethanolamlne specles in rat liver by edmlnlslerlng Pﬁ]—ethanolamlne in vlvo e
| nghest rates of synthesls were - ior 14palmltoyl-2 docosahexae’noyl
. phosphatidylethanolamlne Preference was shown for the assoclatlon pi
| palmltate wlfh docosahexaenoate and linoieate, and stearete wlth‘
arachidonate | ' f ; . ] s
Other in vivo experiments zing . labelled. glycerol (Akessen ot al. A (
1970a; Kanoi, 1960) or/ngnolamlne (Sundler, 1973) have also & {
demonstrated thr preferred synthesis of iexaenoic phosphatldylethanolamlna ok
/spec’és via the CDP—ethanolamlne pathway. intraperitoneal 32p admlnlstratloh
resulted in labelling of liver phosphatldylethanolamlnes ‘with the followlng
ps {specmc activrtles monoenes > hexaenes > dlenes > tetraenes (Arvidson,
~ 1968a), but in vitro studies with 32P produced hlghest actlvlties in hexaenolc
species.  _ _ .- '

; Decarboxylatlon of phosphatldylserlne

Phosphatidylsenne _\-/'____, Phosphatrdylethanolamine

Phosphatidylsenne decarboxylase is thought to be locallzed excluslvely
- | in'the mitochondna (Dennis and Kennedy. 1972 Van Golde et al., 1974; Suda’
and Matsuda, 1974). but there are no studies examlnfﬂg the speciflcity of
phosphatidylsenne decarboxylase for its subslrate phosphatldylserlne Yavln
o and Zeigler (1977) estimated that 13%. of phosphatidylethanolamlne arose via |

. th|s route in dtfferentiating cells of cerebral hemispheres B -

'. . . . . v - © g



Pﬁd&ﬂmﬂwmhanoiamlm plaemalogens .
Free ,2-dlacylglycerol for. dlacylphosphatldylethanoIamlne synthesls

' ls preeent ln the braln and has a rapld rate of turnover but no free alkenylacyl-

| glycerol has been detected (Horrocks 1971). Ethanolamlne plasmalogen can

be’ synthesized via the ‘Snyder pafhway (Figure 1 2) Long-chaln primary ’

alcohols and dlhydroxyacetone phosphate are precursors of 1-alkyl-2- acyl-

‘-glycerol 3-phosphate. which is dephosphorylated to 1-alkyl-2-acyl-glycerol
" and can react with CDP-ethanolamine or CDP-choline (Snyder et al., 1970).

| halkenyl-Z-acylglycerdt can also react with CDP- ethanolamine or“DDP- -

choline (Ansell and Metcalife, 1971) Phosphorylethanolamine can be

transferred to 1-alkyl-2-acyl-sn-glycerol by a brain mrcrospmal phosphotrans-

ferase (Radomlnska -Pyrek and’ Horrocks. 1972). A dehydrogenase converts

. the alkyl ethw‘ ethanolamine lipid to the alkenyl;ethgr form (Horrocks and
Radomlnska Pyrek 1972) Expenments by Stoffel ‘et al (1970) suggest a.

iy

relatlonship between sphmgohpld catabolism and ethanolamme |Ipld-

biosynthesis in bram dlhydrosphmgosme can yield phosphorylethanolamme

dlhydrosphmgosTe

n dihydrosphingosine-1-phosphate\

| IAldola’se

Hexadecanal Phosphdrylethanolarnine
Hexadecanol
Snyder Pathway

1- hexadecyl 2-acyl -GPE MEthanolamine |
plasmalogen

Flgure 1 2 Ethanolamlne plasmalogen synthesis ._
o ~ Adapted from Anse!l 1973, GPE-glycerophosphorylethanolamme
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or no. discrimination of phosphocholinetransferase for'dla'cylglycerol“ sUb‘strate '
(Mudd et al., 1969; ‘Holub’ 1977). The selectivrty observed in some

expenmental protocols may result from competltlon tor common dlacylglycerol

| precursors by other enzyme substrates, such as CDP-elhanolamln_e or acyl-

~ CoA, . | S - o

| Use of in vivo labellmg techniques and argentation chromatography

~ has enabled the specmc activities of parttcular phosphatldylcholme species to
be determined, indicating that mdwndual molecular species exhibit metabolic.
as well as structural heterog_en_elty (Arvrdson, 1968a). Thelollovylng order of
specific activities was defermined for 'hepatic phosphdtidylcholines:
'monoenoic = dienoic > total > hexaenoic > tetrasnoic (Arvidson, 1968a).
-Relative turnover rates of phosphatldylethanolamlne and phosphatidyicholine

: molecular species ‘were determlned in -vivo in rat skeletal muscle- by
| determmmg specmc activities usmg [32P]phosphate (Shamgar and Collins,
1975) - The speclﬁc actlvrty of phosphatldylohollne was approximately three
.times that of phosphatrdylethanolamlne, ».v.vlth .t-_palmltoyl-z-oleOyl and
1-oleoy1-2-linoleoyl phdsphatidylchqllne hav’lhgfthe most rapid r_ate' ol turnover -

—



end 1-oleoyi -2- arachidonyl the siowest I Vlirew('Arvidson,' 1967 and iasyéb
Sundier et al,, 1972) and in vltro (Holub, 1978) studies have conslstentiy

demonstrated & preference for pairing of 1-palmitoyi versus 1- -stearoyl in-
1-saturated-2-unsaturated species of phosphatidylchollne '

In liver. results irom In vivo and in vitro studies of phosphocholinetrans-
| ferase activity suggest synthesis of moleCuiar species of phosphatidycholine
which are very difierent from the known composition of liver phosphatidy!-
cholines (Sundler-and Akessgn,,1975) Liver phosphatidyichoiine species-are
much rieher In 1-etearoyl 2-arachidony| and 2-docosahe‘xaenoyi speciles
‘ than those produced by phosphocholinetransferase activity, suggesting other
routes of synthesis are responsible for production of polyunsaturated species
- of phosphatidylcholines (Holub and Kuksis, 1971‘). In other‘tissues. such as
brain (O'B'rien and Geison, 1974) or in other animal species, such as in guinea
-~ pig liver (Parkes and Thompso_n. 1973), some preference for long-chain-
polydnsaturates and‘ polyenoic species have been shown*;’}fstig'gesting‘
,phosphocholinetransferase activity may be affected differently in regard to
 substrate specificity. ' | T
‘ Phosphatldylethanolamlnemethyltransferase (PEMT) pathway |
This pathway for phosphatidyichollne synthesis involves step-wise -
| methylation of phosphatidyiethanoiamme (Bremer ot al.; 1960) and producesﬁ _
species of phosphatidyicholine that are different i in iatty-acnd composition from :
. those produced® via’ the CDP-choline and deacyiatron reacylation routes.
(Trewhella and- Coliins, 1973; Strittmatter et al., 1979). Activrty was first
described in liver microsomes (Bremer and Greenberg, 1961), but is also ..
present in the plasma membrane fraction (Sastry et al., 19?1 Crews Hirata et |
al., 1980)

—
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|n llver. twenty to forty percent ot phosphetldyioholine ls produoed via
the PEMT route- (Sundler and Akesson, 1975) The ‘existence of one or two
-phosphatidylethanoiaminemethyltransferases in - mammalian "’ cells s
controversial (Mato et al., 1984) Partiai purification of the methyltransierase
from rat liver microsomes. suggests the presence of a single enzyme catalyzing
all three methylation steps (Ftehbinder and Greenberg, 1965; Tanaka et al,,
1979; Schneider and Vance 1979). Pajares et al. (1986) have recently
purified rat liver microsomai PEMT to homogeneity. and: determlned it'to be a
50 kDa homodlmer that is activated by CAMP- dependent protein kinase
' 'phosphoryiation Kinetic data on methyltransferase activity l@ve suggested the
presence of two enzymes for liver (Sastry’ et al., 1981), brain (Crews Hirata et |
al., 1980) and bovme adrenal medulla (Hirata and’ Axelrod, 1978), but
interpretatlon of the data from these experiments may be subject to error
(Audubert and Vance 1883). There is good evidence in micro organisms for
the exrstence of two methyltransferases. Clostndium beyenmck/i can produce |
phosphatidyimonomethyiethanoiamine but not phoephattdylt:holine (Johnston :
) 'and Goldfine, 1983), Rat pituitary extracts exhibit methyltransferase | activity in |
a supernatant fraction, and methyltransferase i activity in the particulate -
fraction (Prasad and Edwards. 1981).. The possibility exists that diiferent"‘
tissues possess different numbers of methyitransferases of the PEMT pathway
Unsaturated fatty acyl species of ahosphatidyiethanolamine appear‘to

be preferred substrates for the PEMT pathway (Lektm et al,, 1973 Mozzl et al,,
~1982) Using [14CJethanolamine, Arvidson (1968a) found 50-60% of activity in
hexaenoic species of rat liver phosphatidylchoiine Preferential labelling of
hexaenorc species has also been demonstrated by Tinoco et al. (1970) and'}_
Salerno and Beeler (1973) using ethanoiamine as substrate. Trewheila and

Collins (1973) found / doopsapentaenoyi and 1-stearoyl-2-arachidonyl species

- -\\‘ . . - . \, —
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ot phosphatldylchollne to also be lmportant products of the PEMT pathway. -
Docosahexaenolc and arachidonlc specles of . phosphetldylchohte \
/syntheslzed via the PEMT pathway appear to be preferentiatly palred with
- palmitic acid at the 1~pos|tlon (Arvldson. 1968b). The use of [3H]-methy!-
choline as a substrate"for phcsphatldylchollne biosynthesis ‘results in an.
| . apparent Increase in synthesls ot arachidonyl and docosahexaenoyl
| phosphatldylchollne species compared to n measurements with [14C]-choline
(Spitzer et al., 1969) or 32p (Trewhella and Collins, 1973) substrate. which is
consistent with synthesis of these phosphatldylchollne species via the PEMT
pathway , | , _

The chain iength of N-alkyl substituents on phosphatidylethanolamlne
as well as changes in the polar head group. aflect ability of differgnt phospho-
Ilplds to act as methyl acceptors (Akesson 1983) Specres dlfferences also
, suggest that the PEMT pathway may be active on a specif ¢ pool of phospha- . ‘
»tldylethanolamlne More dlenorc and. less polyunsaturated species of fatty |
aclds are present in gumea pig liver versus rat Irver phosphatrdylethanolamme :
(Hoffman and Cornatzer, 1981) and a lower speclflc PEMT activity is seen in
gulnea pig liver. MacDonald and Thompson {1 975) have also shown guinea

e

phosphatidylcholine ' | . /

Acylatlon of lysophosphollplds _

The characteristic pattern ot molecular species of phospholiprds in
ditferent tlssues and anlmal species may depend, to a great extent, on
deacylation-reacylation reactions. These >eactrons are possrble as a result of

phosphollpases Ay and Ay, and acyltransferase actl ty. The control of

phospholipases is not well understood. Under norrnal_ conditions, the tightly

»
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_packed bilayer is very resistant to onzymatlc attack it haa been auggeated \ |
: (Dawson et al., 1985) that the organization of phospholipid molecules within. the |
. membrane determines susceptibiilty to intracellular phoaphoiipaaea. ﬂ
Perturbations in‘the bilayer (eg increased diglyceride content) aotivate j.i
phospholipases; headgroups containlng pho'sphochoiine (partlcularly :
sphingomyeiin) are protective. The presence of phospholipase and
acyltransferase activity in various subcellular fractions, and potentlal substrate i
specificity ox diversity of enzymes specific for a particular fatty acid, arezfactors
. that may contribute to the characteristic .tatty acid profiles observeq, for tlssue
||p|ds ‘ /! | | o X
. Acyltransferases of phosphatidylethanolamine and phosphatidylchoilne i
rh'ave besn shown to express similar spec?:cities for substrate (De Tomas and
~ Brenner, 1970). Lands and Merkl (1963) showed the natural distrlbutio
saturated and unsaturated fatty acids in phosphatidyicholine to be consismgl
" with substrate selectivity of 1- and 2-acyl- sn-glycero 3 -phosphoryicholine. In
liver, the strong preference of 1- acyl-sn-glycero -3- phosphoryicholine for
arachrdonate (Yamashlta et ai 1973) suggests this may be an important
pathway for arachidonate incorporation into phosphatidylcholine The"
' selectwe transfer of 20 4(6}) from phosphatidyicholine to Iysophosphatidyl-
| “ethanolamine observed in dog heart microsomes (Reddy and Schmid, 19_85)
~ _ also sug_gests control of arachidonate levels by arachldonyl transacylase.
Changes in ‘specific activities of phosphoiipid species over time (Arvidson,
R 196843; Kanoh 1970 Holub and Kuksis, 1971) also suggest that deacylatlon-
R:ac/y‘latron reactions are important for synthesis of particular phospholipid -
‘ egies Stud‘es utilizing labelled fatty acid and labelled glycerol can assess
. the relative contribution of acylation reactions to phosphoiipid composition by

examining the ratio of the two isotopes used. Akesson ot al (1970b) found 13

;.~



22 64 and 54% of paimitic acid to enter monoenoic, dienoic. tetraenouc arfd. o
x;texaenoic species of phosphatidylcholi’ne by acyiatjgn reactlons and 18 703_‘-
'-"f e »and 11% of palmltio acid to enter dienoic tetraenolc and hexaenoic species of

o ',"»_~»phosphatrdylethanelamlne by acylation reactions Thirty percent ot iinoleic‘_ :

“acid was found 1o,
- 70% via the COPed
' .';"‘1970b) Twenty-nine percent of linoieatf\entered f-paimltoyl- and 97% of o

ter phosphatidylchoime by acylation agd the remainmg, "
giine pathyvay dunng de novo syntheS|s (Akesson ot ai | § :

""-._ f:_‘f,flinoleate entered 1-stearoyl-phosp ‘attdylethanolamme by acylation (Akesson |

: ?et al, 1%70b) |n bram araehidona g '
'4 ,,»'-"f'.;f;,into phosphatfdylchoiine via acyiation reactions and stearate to a lesser -
- .extel'lf (Baker andv

osphatidylchoime ang phosphatrdylethanoiamlne whenil»' R

o ‘:‘Afphosphattdate
[3H]arachidonate or [3H]stearate and [14C]glycerol were mjected mtra-'

cerebraiiy, |t was determined by high 3H 140 ratios in phosphollpld compared-' f

3 shown to be: rapldly lncorporafedv.

ompson 1972) By measuring 3Y; 1“C ratios in

S -fto phosphatidate that acylatlon reactlcns in bram are |mportant for detem)f‘nmg-_ :

‘:i'f::}:"f-"and mamtaining phosphafidylethanolamme and phosphatidylchoime fatty-acnd:
profiies (Baker and Thompson 1972) . :

Fatty acld elongatlon and desaturaflon :

T Polyunsaturated fatty acrds are= important components of membrane’

ssent*ai fatty acrds iinoleic and llnoiemc acud which are avaiiable in the diet".' o

phospholipids. and must be formed by eiongatton and desaturation of the K

(Figure 1. 3) Saturated and monounsaturated -fatty acids:‘_‘ can- atso bef: o

. 'deSaturated and eiongated The preferred substrate for the;_ ‘9v~desaturase is )

L jstearoyI-CoA (Jeffcoat ot aI 1977) There IS only one A6 desaturase enzyme g

"__,which acts on n 3 n-6 and n-9 substrates, in that order of preference (Brennerf o

and Peluffo. 1966) Fatty—acrd elongatr.on is acc'dmpilshed by the fatty-acnd*_i B
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- synthetase complex of enzymes Fatty-acrd elongation In mitochondria utllizes

- ;_,pnmartly acetyl CoA whereas malonyl CoA is the donor ln m\crosomessf"*

b '(BOurre etal, 1978)

In bram very long cham fatty acrds are synthesized by elongation rather‘"’.
than by de novo synthesis (Hajra and Radln 19_}&? Fatty actd synthetase;
| actrvrty in brain is hrghest m fetal and sucklmg rats, cot‘résponding Mth critical‘ '
o ‘penods of bram development (Volpe and Krshrmoto 1972) Unhlge%jlver fatty-. |

e '»acrd synthetase brain fatty acid. synthetase Is not Thfluenced by nutrrtlonal

factors (Volpe and Krshtmoto 1972) Preferred substrate fowam elongatton S

Y N

Essential fatty acids __

A9 desatur,ativon '

I e - 18:2(6) -18:3(3)
}‘A6‘:de:satura'tiq~n' : # c L R B

1829 1e3E) . 1840

 Elongation - B
202090 2036) 204

:A‘5 desaturation
TSI o 2039y - | 20;4(5) Lo 2083
'« . Elongation SN TR L o

° Addesaturation -~ e ] EERE

256 6w

Ty

. Figure 1.3 _ Fatty acid elongation and desaturation
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' ln brain has been shown to be 18 3(6) >. 16 0 > 20: 4(6) > 18 3(3) > 18: 2(6) >
‘;f'<20 3(6) (Cook 1 982) Desaturase activity in brain is also well establrshed"
- (Dhopeshwarkar ot al., 1971 Cook 1978) ' SR

. lntra-membrane transport ot phosphollpld and cholesterol |
Disproportionate distrlbution of phospholrpids phospholrpld species and |
- cholesterol In different membranes and membrane compartmentatlon of |lpld _

| ‘synthetic ivity necessrtates the transfer of phospholrpld and cholesterol from

> site of synthesrs in one membrane to fmal destrnatlon in- another ‘The
| :mechanisms for’ thrs transfer have not been deﬁnmvely resolved "'

| Phospholrpfd exhange proteins exrst (Zrlversmrt and Hughes. 1 976 |
‘ Yaffe and Kennedy, 1983) but the net drrection and extent i |

- Ivive}r cytosol '(I"-'L?reidlander et‘al” -19’80) Other mechanrsms for transfer may_
'include 1) vesicle-mediated transport as has. been reported for phospholrpid'
transport in Acanthamoeba palestrnesrs (Chaplowskr and Band 1d71) and.in
E Dictyostelrum drscordeum (DeSilva and Sru, 1981) and for oholesterol transport_ '

~in in vrtro studles wrth erythrocytes (Lange et al., 1 980); or 2) trar;,sfer through‘ )

. “the' aqueous phase Transfer of cholesterol between erythrocyte membrane |

and plasma occurs through the aqueous ‘phase- (Lange and Ramos, 1 983), and -

3 . transfer of phosphatrdylethanolamme to the plasma membrane of frbroblasts IS |

. ‘,lndependent of protern transfer (Slelght and Pagano 1983) Kaplan and =
i ‘f Simoni (1985a b) have used a raprd plasma membrane isolatron procedure wrth' .
"Chinese hamster ovary. calis to show that PhOSPhatldylcholme and cholesterolf'"“

_‘ o : transport from the endoplasmrc retlculum to the plasma membrane are drtferent

Half-tlmes for choiesterol and phosphatldylcholine transport are 10 mm and 1
‘ P ! : e - ) . . o . " t



min respebtively. at 37°C Cholesterol transport Is energy-dependent and:_ " ‘,
’"‘rnhrbuted belcw 15°C suggestmg vesicular tranSport R gt

| Much has still to be. Iearned about mechanisms for npid transport
exchange between membrane fractlons. and the factors aﬁecttng these“ |
processes The Iiprd composition of the acceptor membrane’ would be |
expected to play a role in the amount and nature of hpld transferred or

: ;exchanged as

been shown in model systems tor rntramembrane
'cholesterol movement (Clejan and Brttman 1984) |

! o K Membrane Structure and Functlon
The membrane model ‘ o

Durrng the past 20 years consrderable advance has been made in the. "
understandrng of membrane structure and functron The fluid mosaic model o

- 'propcsed by Singer and Nicolson (1972) (Frgﬁe 1;4) deprcts protein'and-lipids :

Figure 1.4. “The fluid mosalc model of membranes
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L as moblle elements wlthln the m%mbrane Thls concept of. blologlcal_bi

o membranes has resulted ln recognition of the dynamlc nature ol the membrane -
’ and reallzatlon that specltlc organizatlonal heterogenelty may serve functional |
- as w@il as structural purposes The onglnal concept of random organlzation of

proteln and llpld in the. membrane has been revised by the. recognitlon that |

-domains exlst In membranes where iipid-protein and lipid-llpld interaction may -

be hlghly specrlic playlng roles in structural and functional features of the '

: .membrane Evidence of this polymorphlc orgamzatron of the membrane has
’_.been deduced trom a wrde varlety -of studres mvolvmg x-ray drffractron_ :
A“(Wunderlich ot al 1978) electren microscopy (Hur and Parsons 1975) o
-measurements of lateral drftusron (de Laat et al., 1979) dlfferentral partltionrng
‘of lipid. prolses (Klausner and Wolf, 1980 Wolf et al, Qii:),drfterentlal'

scannlng caiorlmetry (Brasrtus ot al 31980), sptn -label me ements‘(Stier'

~ and Sackmann 1973) and dtfferences in composrtlon between rnner and outelr -

:t | sides of the membrane (Clandinm 1976)

The membrane model dep%ts most Irprds present in the form of a bllayer

o .wrth membrane proterns erther bound to the charged surface of the bilaye:
| (penpheral) or mserted to varylng degrees m the btlayer (integral). This model
| Aassumes that proterns and llpids in the membrane have _mobility. Lateral
B .‘mcbillty in the absence of other- processes should be drffusron lrmrted and
f;dependent upon vlscoslty (flurdrty) of the brlayer and the srze of the protern or:
- .protein aggregate The abllrty of mtegral proterns to move Iaterally within the\
B membrane and to produce topographrc rearrangement of the’ cell surface is
o .now vlewed as a mechanrsm tor regulatlon ot specrfic cell surtace propertles f ,
(e uptake of low density iipoprotem receptor complex, Brown et al., 1981) e
| Transmembrane transport represents another aspect ‘of molecular motron |n the

o 'membrane This transport process could apply to a variety of molecules in .~

oA
A
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,addition to lipids The rate at which llpld molecules invert between blley*
surfaces, i-e., “flip-flop,’ is epparently slower than lateral dlttusion of ilpld or .
protein Thls siowness of ‘fllp flcp actlon could be construed as a mechanlsm |
~ for maintenance of bllayer sidedness or asymmetry. as well as membrane'
stabillty Molecular motion in membranes also includes movement of the fatty‘.” |
acyl chains of membrane phospholipl’ds This type of movement may also -
o lnvolve deacylation-reacylation of phospholipid molecules in sltu Movement -
’ of fatty acyl tails is a potentral mechanlsm tor membrane fluidlty (Klmelberg.
1977). .- | ol
In 'summary.‘any'conceptuat model of a membrane must provlde‘ l'orf
‘motion of protern from the perspective of 1) the rate of motion invoiving either |
the. rnfluence of membrane llprd on the protein or the protein on the surrounding |
~lipid, and 2) the range of motion encompassing motion aof the whole proteln
§ complexes of: pro\ern molecules segmental- ‘motion, conformational changes, - .
and so- called colhsron coupllng of membrane receptors wrth approprlate

. functlonal enzyme complexes

| Relatlonshlp between membrane structure and. functlon | ;
lnterest in. membrane physical chemlstry and function -of cellular
| | membranes has resulted in a large number of papers reviewing varied aspects
| of these sub]ects (Ralson 1973; Papahadjopoulos and Kimelberg, 1973;
' "'_Fourcans and Jaln 1974, Slnger and Nlcolson 1972 Farias et al., ‘1975 o

. Cronan and Gelmann 1975; Sandermann 1978; Chapman ot al 1979 Crain

’and Mannette 1979; Krebs et aI 1979 Op den Kamp, 1979) The present
'research emphasizes aspects of fat in a nutrrtionally adequate diet as a"

determrnant of subcellular structure
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Motion oiugnzymg‘ proteins withln the- membrane may be required for -

e Thls concept together with observations that o

specltic enzyme tuncti
membrane enzymes are lipid dependent has focused considerable attention
on the role of membrane llpid fluldity in enzyme functions (revrewed by
Kimelberg. 1977 Stubbs and Smith 1984) Interpretation of these studies is
complicated by the tact that enzyme functlon may not respond to changes in
bulk Iipid tluldlty, but may respond to changes in speciftc propertres of the Ilpid B
' In the microf dronment of the protein (Clandinm et al, 1985) Micropo.y-
| »morphism' ot mbrane structure may provide a way to mdependently alter
.‘functions of a number of integral membranée proteins by tight or close
association of‘a propcrtion of membrane lipids with functional protelns The
function .of sequences of mteracting enzymes in membranes such as
8 mit@chondrlal membrane mayLbe particularly responswe to changing lipid -
microenvironments wrth regards to membrar{e flurdrty, diifusmn and interaction
of several enzyme subunits. , , , |
Lipid polar. head group specmcrty for membrane-bound énzymes
~ indicates spectfc lrpid affrnities and sequestratlon of lipid. Early studies by |
Jost et al (1923) demonstrated a layer of |mmobillzed Ilpld around cytochrome
R oxrdase Cholesterol seems to be excluded trom this annulus. A specrtic lipid ‘
o domain would enable llplds to mdependently mtluence SpelelC protems
' permitting precise control of membrane functrons It wculd also ‘enable the
‘protein to retain integrity of specut" ic functrons whlle movrng laterally through a
"heterogeneous Iipid envlronment Ceele T C . C
4 ' lntegral protein enzymes are well surted to transmembrane transport
iunctions and might be expected to show the. greatest changes in activrty rn
: response.to varlations |n membrane compositton and perhaps flurdtty For

' ',Tiexample (Na+-K+)ATPase tuncttcns enzymattcally as an ATP phcspho-
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frnhydrolase and utilizes energy trom this reaction to actively transport ione s
_transport properties can be, reconstituted with speclflc %h%“phoilpids
(Schuurmans-Stekhoven and Boming. 1981) :

Fatty acid modiiication of membrane ilpid has recently forr)ned the basis :

for experiments in which fatty acld composltion membrane physicai properties,
, ,and membrane function ‘are simultaneously compared to deterérinine the nature
" of relationships between these properties (reviewed by Whale, 1983).

P'révibus studies relied upon cell culture and model membrane systems to

" elucidste" such relationships between these properties and - memb;ang ?

functioning in tissues In this regard the relationship of polyunsaturated fatty

‘acids and. membrane flurdity and function has been thoroughly reviewed .

]

(Stubbs and Smith, 1984)

The relationship between membrane structure and function may be
generalized to conclude that there is Itkely an interrelationship among
membrane cholesteroi content, phospholipid head group composltlon
_asymmetry of phospholipid distnbution in the membrane phospholipid fatty
acyl tail composmon and physrcal properties of membrane Iiprds 'which
influence membrane_ functions. Few examples exist where ail of these .
~membrane parameters hair_e;been simultaneously assessed while manipulating
one or more of-them. It is therefo‘re.difficuit to'assign chang‘es in function of a
specmc membrane protein to transrtions ina particular parameter or facet of its :

r interaction with iipid o _.‘ o IS

A number of conceptual questions concernmg the membrane model

| .rernaln It is not apparent what forces are ‘involved in iorming and maintalning
specifc lipid domalns. inner. versus outer sides. or boundaries and interfaces

~in-the membrane Neither is |t apparent what forces predicate which protelns‘

reside in particuiar domams Answers to these queStlons_ma undamental

;-
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10 understanding, how perfurbatlons of specific structural characterisfics and
dbmains affect membrane protein function and the meohanlstlc relationships
- - between changes in membrane structuré and function in disease processes.
Diet as a determinant of'subceliular structure and function
. Extrinsic or dietaty infiuence on membrane Iipid fatty acyi" tail and polar
| head group composition has not been g'eneraliy recoghized as a con.-e
sequentiai physiologic mechanism. for alteration of membrane structurai iipid
“and thus membrane dependeift functions The roie of diet fats which’ have'
adequate content of essential fatty acids, and are similar in composution to fat
consumed in normal human diets, has been studied in animal models. . Change
m diet fat content and/or composmonrhas been shown to cause transmons in
memBrane structure or function \i_iiithin various organ systems. The effect of
changing phospholipid he.adgroup and ‘fatty-acid"coniposition on membrane

' structure is illustfated schematicalir(figure 1.5).

' Flgure 1.5. Spatlai relationships betwee(l:nfembrane phospholiplds |

‘ Schematio reptesentation illustrating change in spatial relationships between . ,
“ membrane phospholipids when the upsaturation of the fatty acyl tail Is altered or when
large polar head groups (e7y.. phosphatidyicholine) are substituted for smaller polar .
head groups (6.g., phosphatidylethanolamine). The degree of unsaturation of the fatty
acyl taii influenoes the cross-sectional dimension of the phospholipid molecule and thus
the moieouiar paddng in the membrane (from Ciandinin otal., 1985).

3
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Intestinal ‘mucosa - L —

"~

The first potentiai effect of dietary iatty acid balance on membrane__,
- stucture should reside in the intestinal mucosa. Intestlnal mucosa has a rapid

rate of cell turnover even in mature enimais. thus indlcatlnq\rapid membrane

phosphollpld synthesis. Little Is known about physlologic changes In lipid con-
stituents of this membrane /n vivo, but It Is known that.polar lipid composition of

the mucosa changes with age (Keelan et al., 1984). It is possible that changes

S

“in exogenously supplied fatty acids (i e., dietary fat) result in differences in-

phospholipid species synthesized within the mucosal cell and alter. the
composntion of mucosal membrane. In additlon slgniticant quantitles of free

fatty acids of dietary origin would be expected to pass through this membrane

~ona dally basis. Preferential insertion of unsaturated iatty acids into the

membrane fluid phases results in disordering of the gel phases (Karnovsky et

., 1982), but saturated fatty acids preferentially partttioning into the gel phase '
have little or no detectable effect. It is therefore of tnterest to determine whether -

.change's‘ in dietary fat, reflecting fats consumed by humans can alter 'the

plasma membrane composmon of intestinal mucosa and ultimately influence
absorptive functions of this organ | |
Diet fat has been shown to influence- brusi'f-border membrane

phosphoiipld fatty-amd composmon and the effect is site- specitlc (i e., ileum

versus jejunum Garg et al., 1987). Diet-induced change in membrane ‘

composition subsequently affects the uptake of sugars and lipids (Thomso_n ot

al., 1986), presumably by. affecting integral protein enzyme transport systerns.

leer -plasma membrane .
Biosynthesis (Ogiono et'al., 1980; Colard et al., 1980) composition (Van

Hoeven and Emmelot, 1972), fatty acid tail cpnte,nt. turnover or exchangev'

21
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(Kamath and Rubin, 1973 Lee et al., 1973, Grlnna. 1977) and changes wlth |
aging (Rubln‘ et al 1973) ot polar llpids trom liver membranes have been
eXamlned "ln rats fed diets of undefined tatty acid composition. vThes_e
- observations sugdest llver plasma membrane composition varies with age, cell
type, a \d physiologic state, LNer plasma membrane Is a primary interface in
~ the honﬂostatlc balance between exogenous influences (e.g., diet) and’
endogenous control over the blosynthesis or utilization of varied substrates.
Dietary fatty.acid’ balance may modulatg. the lipid composition of plasma
’ membrane. thereby having potential to modﬁy control functions situated at this
“interface between circulating hormones and. Hhomone- activated functions
within the hepatocyte Alteration of physical prop;mes of this membrane may
influence hormOne receptor-mediated functions euch as glucagon- stimulated
"adenylate cyclase activity. o -

. Diet-induced changes in liver plasma membrane have been shown to
affect 'gl;ucagon-stimulated ad“enylaté“"-éyclase_ activity (Neelands and
Clandinin 1983"Morson and- Clandini'n' 1985) Increases in monounsaturated _
- and decreases in n-6 polyunsaturated fatty acids in membrane phospholipids

correlated with increased giucagon and fiuonde-stlmulated adenylate cyclase

activity (Neelands and Clandinln 1983; Morson and Clandinin, 1985), which
were not dependent ‘on ohanges in glucagon binding (Merajl 'S.M. and
Clandinin MT unpublished observation)

‘The product of adenylate cyclase actlvity is cAMP a second
messenger in the liver cell, which functions to promote glycogenoiysls and
gluconeogenesis.” These processes increase the release of glucose from the
liver to the circulation to maintain blood gluoose level. lt is weil documented
that membrane phospholiplds functlen in adenylate cyclase - activatlon (Levey o

angi Lehotay. 1976; Birnbaumer, 1973) it is also apparent that changes in

v
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membrane lipid coyiilk

plasma’ membrane” influence adenylate cyclase a&tlvlty and thus may

potentially function in the control of whole body glucose metabolism. Stuties.

. with streptozﬁﬁoin-lnduced diabetic" animals indicate that there is decreased

palmitoleic, oleic, and arachidonic acids In liver microsomes and increased
linoleic acid in.phosphatidyicholine and phosphaﬂleethanolamlne whe_n‘

compared with narmal.rats. The effect may result from decreased microsomal

" A9- and AS-desaturase activity, which can be restored upon administration of

insulin (Faas and Carter, 1980, 1 983). Similar changes in fatty-acid cé:m-

~ position were obsetved in rqhal phospholipids of streptozotocin- or a||ﬂoxan-‘

induced .diabetic rats. These changes were associated with decreased

fluoride-stimulated adenyléi% cyclase activity (Clark et al., 1983). Increased

" cAMP levels and high gluconeogenic rates have also been reported in livers "

of diabetic rats. If increased dietary linoleic acid can decrease cAMP

production in the diabetic state, it may lead to decreased glucoheogenesis and

- improve control of circulating glucose levels.

Mitochondrial membrane

For the rat, utjlization of dietary fats high in ,very long chain‘ monoenes

- has been as.s'ociated' with changes in energetic efficiency and rate of oxygen.

_consumption (Hornstra, 1972). These metabolic ch@ge's have been attributed

to the uncoupling of ‘oxidative phosphorylation (Hornstra, 1972; Clandinin, -
1978). A variety of diet fat-induced éhanges in mitochondrial rﬁembrane :
funct?bns,, ih ‘association with transitions in =mitoéhondrlal, membrane
composition, have been reported (réviewed by Clahdinin, 1978). »Changes in
efficiency of mitochondrial energetics and whole body conservation of energy

consuméd have also been demonstrated in gro'i'»vi'ngychicks (Renner et al.,

4
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1979). These stud,iés indicate that a complex dynamic mechanism exists,
associating chanBes in dietary iat with transitions in mitochondrial structure,
| tunction and whole body metabotic conservation of digtary enewrgy. '
| Rapid inoorporation of dietary Iong -chain ia(t{:yXXids ,Into membrane
phospholipids” has important effects on membrane iunctions and related
metabolic activities. lncorporation of'polyunsaturated fatty aoids for long-chain
~ monounsaturated tatty acids has been shown to affect mltochondrial'
“-oligomycin-sensltlve ATPase (Innis and Clandinin. 1981a). . Phospholipid polar
o head group distribution may also have an important role in modulating mem-
brane physicochemlcai properties in vivo (Lee et al., 1973). Mitochondrial
membrane polar head group composntion can be altered%y diet fat, indicated
~ by altered membrane phosphatidylcholine to phosphattdylethanolamme ratios™
| (Innis and Clandinin, 1981b; Blomstrand and Svensson 1974).

Bilayer thickness has recently been iound to be a major factor
fnfluencing activity of transmembrane enzymes mcludmg cytochrome ox+dase
'ba"’**-ATPase (Na+-K+)ATPase, and mttochcyﬁdriai ATPase (Johannsson

. Keightley et al., 1981; Johannsson, Smith et al., 19 - Montecucco et al
1982). Maximal activity for these membrane-assocuated enzymes is achieved
when phospholipid bilayer d‘imensions match the protein appropriateiy,
altowing lipid polar. head groups to be ahgned with polar parts of the enzyme.-

| Optimal bilayer thickness results in specifc mteractions between phosphoiipld
polar head’ groups and surface porttons of the enzyme as well as contact
between hydrophobic regions of the membrane and protein. In thts regard a
minimum of 16 carbon atoms are requtred in the phosphollpid fatty acyi cham
to maintain bilayer structure and support mttochondnal ATPase activrty (Pttottl
et al,, 1980) Maxtmai activatlon of the eénzyme was observed with membranes

"‘consisting of di- (181) phosphatidylcholine (Montecucco et al., 1982).
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Changing the bilayer thickness from this value was associated with
progresslye decrease in actlvlty éenslttvtty of - mitochondrial ATPase to
oligomycin, a speciﬁc inhibitor of the \enzyme Is also Influenced by bllayer
thickness (Montecucco et al., ‘r982) Tt‘e langth of fatty acld chains of the
supporting bilayer has ajso been found to modulate ouabain sensttlvity ot
(Na+-K+)ATPase (Abeywardena and Charnock, 1983). | |
| Mitochondrial AT Pase is a Iarge complex of the,innermal
membrane; sert/ingas the terminal tranSp_hosphorylattng enzyme t;t extdatlve
phosphorylation. Tt;e mitochondrial AfPase comprises two detachable parts:
: the Fo- membrane sector and F1-tatalytic sector. Oligomycin binding to a . - ,
protein in the membrane sector of the enzyme blocl:s proton transport and
hence inhibits ATPase activrty ligomycin sensitivity of the ATPase complex
is a good parameter of the coﬁ%ng or mteractnon between the F1 and Fy
sectors. Altering lipid brlayer thickness mfluences this interaction between the'
two -sectors and influences the inhibitory effect of oligomycin. ~ Mitochondrial
ATPase sensitivity to oligemycin inhibition and stimulation by the uncoupler'
2,4- dmltrophenol has been shown to be altered by teedlng diets dlfferlng in
cham length, but with similar levels of unsaturatton (Zsigmond and Clandinin,
1986). Feeding long cham versus medlum chdin fatty acids increased the
| chain iength of membrane phosphohpid fatty acids. resulting in increased
oligomycin mhnbmon and decreased sttmulatory effect ot 2 4-dlnttrophenol on
| ATPase activity. These results suggest that pharmacologlc agents or drugs,
which tunctlon as specific inhibitors Qr - activators of ‘integral membrane
enzymes may respond to pre-conditlonmg ot membrane Itpid composition by *

diet fat.



s . Braln . Lo S \_ T | |
The brain ls generally viewed as the organ most resistant to structural"fe
change, by both endogenous and exogenous factors Worl& ln recent years, :
however has shown the brain to be more responsrve to exogenous;
manipulation than prevrously concetved (Cohen and Wurtman 1976 Jop andi ‘
Jenden. 1979, Lee 1985 Wurtman o al 1981) In additlon nutntionally_f_a'-‘f.?f'-u»

adequate diets differtng in diet iat composltion influence the content and fatty' :

DI T R T TR s AT

acld composntlon of polar lipids in rat bram synaptosomal and microsomalf;'}

membranes (Foot et al 1982) These alterations result in changes in acetyl-

cholinesterase and (Na+-K+)ATPase activity (Foot et al 1983) In bram many"-_v? -

enzymes mvolved in neurotransmitter metabolism are. I|p|q1depeﬂdent Itis - e

therefore Iogical ﬁi postulate possrble mteractlons between dietary lipld—and, S

brain neurotransmttter metabolism The cause and effect nature of changes in.

braln structural constituents remams to be resolved but the bram lS clearly

o sensmve to alteratlon of dletary |lpld mtake even m a nutrrtionally complete
diet Degenerative disorders altenng brain structural |lpld may therefore,_ i
respond to dletary treatment by modulation of bram structural liplq wuth i

subsequent effects on the iunctlon of lntegral membrane proteins

. a",,‘
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B

lt ls apparent that phospholtpld components of cell membranes are not“i .

static and can be composmonally adtered by changes in the fatty acrd'-
, composltion of a nutntionally adequate diet Further studies are needed, to |

establish ii changes ln fatty acyl composmon resultmg from dietary;:_'_';i" s

manlpulatlon are accompamed by altered phospholipld class content Altered L

dtstributicn of membrane phosplielrptd classes could result from an rn wvo

control counteracting changes m the pool of fatty acnds and diacylglycerols

Sl
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| membrane pt ysrcal property

"‘%s,_m membrane phespholiprd olasses might also result lrom \ ’]

'Alternatrvely. it is concervable that polar head groups surroundlng partlcular e
','«membrane associated enzymes can be modulated in vivo in a controlled |
- manner as a means of modulatlng enzyme actrvnty, The Iatter ooncep ews
the role of phospholrplds m@ omembranes as extendmg beyond thifiof a

b ‘medlum providmg only structgral support and approprlate ﬂuldity tor membranr R

Cpoteins. T e

Manrpulatron -of dret may serve as a tool to examlne the physrologrc T

A ‘forces mvolved m formmg and mamtamrng the bolymorphlc structure of the ‘\

3 membrane and the relatronshrp of structure to blologlcal functlens .of
o membranes These relatronshlps could serve as. a fundamental basls for dret_’ .
mterventlon in human dlsease))eesses oo »v £ o )
| Brain -
" ""Tlme-course ot braln development | : L
Development of the bram is a sequentral anatomical process;
charactenzed by specnfro well de(neq stages of growth and maturatlon.ﬂi.
| (Gottlreb et al.;. 1977) Blochemroal development of the brarn also appears to,vw' )

be sequentral correlatmg wrth anatomrcal developrnent (Albers, 1985) The-"'

» e QFOWth pattern in- braln is srmrlar among anrmal species (Dobbing and Sands,'_“

| 1973), but the rate ‘o development vanes considerably (Ansell 1973) Stages
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: of braln development can be classified as follows (Ansell 1973)

Perlod o Process 'l»-'/ . R Completion L
¥ L '»Neuron'al multipllcation | ,‘Guinea pig -
: S ‘ ~ " 45th day of gestatlon
* - : " Rat-—3rd post-natal day,
l T . Man- |
s B 25th weekofgestatlon
Clla 'l '‘Growth spurt' axonal and .Gulnea pig = at blrth
- - dendrtic growth; glial - Pig—5 weeks post-natal
© multiplication and myelination. Rat-3 weeks post-natal;
-+ Development of enzyme Man -2 years post-natal
| 'systems R |
S b o Later, but overlappfng ‘5
- perigt ofgrowth

mo Mature state

l\'/ R Senile regressron | " ‘ |
‘ It is mterestlng to note that stages of early brain development are qurte |
well characterlzed (Dobblng and Sands 1973) but there -is very llttle_.t
mformatlon on the rate of senrle regressnon or factors promoting pre- senlle
conditloits such as Alzheimer's dlsease There is sttll much to be learned about
factors atfectmg early stag.es of bram growtl’l and development partrcularl_v
_how exposure to specnf% factors in early development affect the functron of 1

mature braln the course of senlle regressuon or the handllngc of an msult

R These questrons have lmportant social and polftlcal lmpllcatrons For example

. | the Importance of nutntron both maternal (Dobblng, 1985a) and in early llte
| '_{(Dobblng. 1985b) have been examined in relatron to achlevemenl‘ levels »

o The concept of cntrcal penods of development was ongmally descnbed
'_by Dareste (1891) This concept outllned develo%ental processes oqcurrlng o

o at dlfferent rates, and those processes predommatmg at partrcular trme penods SRE

jbeing susceptlble to permanent arrest by envrronmental factors Stoclm/r(
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. (1921) descrlbed abnormal development as a consequence of developmental]j“:f ;

R

arrests’ during critioal * as compared to ‘indifferent moments. of development

| Stockard (1921) also related critical periods ot development to speciiic llmited"

. time periods. and to increased metabolic activity. -

The concept of critical time periods in development is of particular' S

relevance to development of the nervous system because of its general Iack of

regenerative potential, and crucial functronai dependence on interactlon -

i between specialrzed regrons of the bram

. »*BIOSynthesls of phospholiplds ln braln ,
The capacity of brarn tissue to syntheslze phospholipld is well

- established by both in vivo (Ansell and Spanner 1967, 1968) ?nd in vitro

| _ .(Pbrcellati et al., 1970 Ansell and Metcalie 1971) studies and proceeds by
the. pathways described m Chapter 1. Phospholipases A1. A, and C,

. | plasmalogenase and enzymes hydrolyzrng phosphornosrtides also function in "

brain tissue (Dawson 1985) There have been conflicting reports in the ‘

,literature as to the rate of tumover of brain lrprds in vivo, but it i‘ent that
|

“there is considerably: greater turnover even in t@ stable myelin on than

prevrously conceived (Gould and Dawson 1976) ﬁdﬁmgalwala and Dawson-'
o (1971) esttmated hall-lives of Iess than 20 days for phosphatidylethanolamine
.f ethanolamtne plasmalogen and phosphatidylcholme Diet has been shown to : ,
o ‘alter phospholipid latty-acid composition within 24 days (Foot et al 1982) | o
Transport of precursors across the blood brarn barrler does not appear to fimit .

'brain phospholipid synthetlc activrty (Dobbmg. 1961) Both the physicai"

Lo

properties of the blood-brain barrier, and the~metabolic propertres of braln g

‘-_tissue may play a role in this respecl



In vlvo studles in braln utilizlng labelled precursors Indicate rapid
B Iabelling of all subcellular fractlons in the order ol microsomes > mitochondria > "
. Q:lln The extent of transfer of lipid from endoplasmic reticulum to other,syL,

cellular iractlons. transport oi phosphollplds down the axon to the nerve

" . termlnal or intracellular exchange of llpid ls not nown. The complex control

Myelm cemposutlon changes durmg developmentr with early myelln
: repr&sehtlng a mixture of mature myelin and developmg\ ollgodendrogllal
| plasma membrane wuth a high phosphollpld to cerebrosrde ratio (Banik et al., |
© " 1968). The presence of |lpld synthetic.enzymes in the myelin fractlon cf brain
','has been well characterlzed (Ledeen 1984). Studies of |lpld metabollsm in

' myelln have been facrlltated by use of myelln defrcient mutant mice (Sidman et |
~al, 1964) Jlmpy and Quakmg mice exhlblt defects in myelinatlon m the central

j | nervous system ‘but not the penpheral nervous system Quaklng mice have -
i ’myelin defrcrent in cer{broslde ethanolamme plasmalogen and sphmgo-
: myelin wrth lower proportcns of mcnounsaturated fatty acids in plasmalogen
and T:erebroslde (Singh et al,, 1971) Bourre et»al (1973) have shown the
‘l synthesis of very Iong-chain fatty . actds charactensttc of myehn to be
severely impaired durmg cntlcal perlods of bram development |n both Jimpy

and Quaklng mutants

?



- -Degeneratlve braln dlsordere . I ‘
| Normal aging of the brain is associated wrth decrease in cell number
‘ t‘ (Brody, 1955).. tis lnterestlng to note in this respect that controlled neuronal
cell loss may also be assoclated with braln development (Cowan 1973)
| Aging_is also associated with decreased synthesls of phosphatldylethanol- '
‘amine and phosphatidylcholine (Galti et al., 1982). |

Alzheimer’s disease - |
| The degenerative braln disorder known as Alzhermers dlsease shows
some characteristrcs of accelerated aging, and has ‘been called a pre senile
dementia mvolvmg global imparrment of hrgher cortlcal functions. There Is a "
decr: ease in brain weight and atrophy, partlcularly of the trontal and temporal
lobes Neuropathological changes mclude neuntic plaques with an amylold _
.. core, 5tangles of paired helical Afllaments orlglnatlng from unidentlfied ,
endoge'r'roUS brain proteins; and gra‘nulvovacuolar' degeneration of neurgns In
the hippocamp‘us (Bowen et. al., 1981) ~Factors involved in the‘ develcpment of -
| 'Alzheimers disease are not clear and such tactors as a slow virus,. aluminunt;
oxygen depnvatron or a genetic defect have been suggested (discussed by
Wurtman 1985), but little eelipence has been obtained to support any of trfese | 4
h)/potheses ST S T
" oAt an early stage |n the pathogenesls of the d}sease alteratrons in the
cholrnergrc system can. be detected Fleduct /ons/ in choline acetyltransferase
,activrty (Bowen et al.; 1976) correspond wrth hrstologlcal degenerative
_changes and mental state Beduced cholme acetyltransierase activity in the -
o cortex and hrppocampus could result trom 1) impaired synthesis of the choline ;
acetyltransferase enzyme 2) abnormal distrrbution of the enzyme . e impaired

’transport down the axon lrom the cell body to the nerve termmal), or



8 degeneratlon ot ohollnerglc neurons ln the basal forebrain, the: iocation of .

cell ‘bodies providing the major souroe ot corticai cholinergic innervatlon .
(Shute and Lewls. 1967, Flgure 1 6) Coyle et ai (1983) demonstrated that
cholinerglc ,deticlts in the cortex and, hippocar_n_pus resuited primari.ly;f‘ro,m
| 'de'gene'ratlon of ner\r”e Cellsin the nucleus basalis of Meynert, the major part of

the basal forebrain cholinergic system In primates it has also been postulated

© that acetylcholinesterase-rich dystrephie neurites originating ‘from ‘Rucleus -'

‘ basalis of Meynert axong are early components of neuntic plaques. and loss of

the neurité‘é is associated with plaque formation and reduced acetylcholm- :

e

esterase actlvity in the cortex (Struble et al 1982)

Material has been removed because of
unavallablllty of copyright <permisslonA ,

r

Flgure 1 6. Cholinergic pathways in braln
(trom Wurtman. 1985) S _



~  Choline: acetyitransferase is not normaliy ‘a limiting enzyme iﬁceiyi \
: choiine synthesis. but Sims et ai ,(1980) have shown acetylcholine synthesis
to be impaired in Alzheimer‘s dlsease These siudies were performegd in vitro in
‘the presence of excess choline, suggesting that therapy must focus on, non-
cholinergic sites to stimulate synthesis at the cholinergic terminai or on -

| preventmg degeneratrve changes occurring at the ohoiinergic termlnal

O .

- This chapter has focused on pathways of phospholipid biosynthesis, o
'n'membrane structure, and the importance of phospholipid |n struciurai and :

functronai -roles |n brain. Current understanding of control mechanisms

governmg phOSphOleId biosynthesis is mcomplete Jhe dynamic state of brain
- Metabolism with regard 10 lipid synthesis and turnover is ]ugt stariing to be
.explored Thus, the arm of the present research isto examine the reguiation of
'phosphatidylchoirne biosynthesis (the major phospholiprd in brain membranes) |

in response to diet fat composmon




Chap/ter .
Research Plan

_ RatIOnale
Nutritlonally complete diets, dlftenng only in fatty acid composmon have |
previously been shown to affect brain synaptic plasma . membrane and
.microsomal membrane phosphollpld contxnt and composition (Clandinin et al.,
1985 Foot et al., 1982) The content of membrane phosphatidylcholine was
altered by diet fatty-acid composition and this change was lndependent of

- change in other membrane phospholipids (Foot et af, 1982) Diet-induced

change in membrane phosphatidylcholine content subsequently altered the'
ratio of phosphatidylcholme to other membrane phosphollplds and the content
ot membrane cholesterol whlch exhrbrted a strong positive correlation with *
. membrane phosphatidylchollne content.

- Diet-induced change in synaptic plasma membrane phospholrprds has
also been shown to affect membrane functions at the synaptic terminal (Foot et
al., 1983). Acetylcholmesterase a Irpld dependent membrane- assocrated
enzyme, has been shown to drsplay diet fat- mduced changes in actrvrty (Km .
‘and Vmax) These early. t"ndings suggest that altenng diet tat composrtron.
induces structural and functional changes in brain membranes Such an
" observation could be of clinical slgnmcance m Iight of changes occurnng mv
brain with age, degenerattve diseases and in states of altered neurotransmttter ‘
"synthesis or release. ‘ | ‘ | o |

Phosphatidylcholine IS the major phosphohptd in brain membranes.~
: constitutlng approximately 30% of total membranephosphoirprd (Ansell 1973).
Phosphatidylchollne can be synthesized via three routes, the major route
f_being the CDP—cholme pathway (Flgure 2. 1). ‘Rate of phosphattdylcholme
"’production via this pathway could potentially be altered by 1) affectrng activrty !

£ i
e
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“'Choline
PIaSma Membrane
| Y " Liver L
~ Choline —— -———> Betaine
ATP |
o KINASE
ADP
,) *. Phosphacholine
) S CTR= __
Triacylglycerol e Cylidylyltransferase
| PPi ~

Diacylglycerol - -~

/ CMP-

PE ———mme——> PC
SRR M/ethylt'r.aqsferas\e'
 3sAM  3sAH

'Phosphocholinetransferase

F 4

AcyCoA

Lyso-PC + Fatty Acid

[

\\..

‘ Flgure 2.1. 'P'athways, of phosphptldylchollne ‘biosynthesis
PC = phosphatidyicholine; PE = phosphatidylethanolamine;
SAM = S-adenosylmethionine; SAH = S-adenosylhomocystaine.
. B i L

/
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ot the rate-llmltlng enzyme cytldylyltransterase. or the llpld dependent enzyme
_phosphochollnetransterase. 2) affecting availability of CDP-choline; or 3) by
‘changlng membrane diglyceride content, composition, or avallablllty as_’
substrate. Cytldylyltransterase activity has been shown to be - affected uy
. cytosolic free fatty acids (Pelecn et al., 1983, 1954). and by compounds with
d,l‘tferlng head‘group size and charge. (Cornell and Vance, 1987) which affect
translocation et ‘r_:ytldylyltransterase to the ntembrane. _Fatty acids also affect
the Interaction of‘phosphocholinatransfarase with its diglyceride substrate
(Sribney and Lyman, 1973; Radominska-Pyrek et al., 1976). In a state of
choline. 'detteiency,‘ synthesis- of phosphatidylche}ne via the CDP-choline
pathway is decreased and th‘ere is Increased synthesis of phosphatidylcholine
- via the PEMT pathway (Lombardi et aI 1969 Thompson et al., 1969;

Schnelder and Vance, 1978) The PEMT pathway contributes approximately
20% of phosphatidylcholine synthesized in brain: Step-wlse methylation of
phosphatidylethanolamlne to phosphatldylcholme suggests phosphatldyl-
'chollne synthesized via this path_wa_y‘. will be more unsaturated than
, phospha'tidylchollne synthesized via the CDP-choline pathway, because of
the polyunsaturated nature -of phosphatidylethanolamine Comparison of
phosphatldylcholine biosynthettc activity by the PEMT pathway in different
tissues (Colard and Breton, 1981) and in different animal species (Mogelson
~and Sobel 1981; Hoffman and Cornatzer, 1981) suggests that polyunsaturated

" species ot phOSphatlderthanolamme are used as’ substrate for the PEMT
pathway. An lncreased turover of phosphatldylcholme synthesized via the
PEMT pathway (Mogelson and Sobel, 1981; Smttmatter et al., 1979) also
lmplles that this pool of phosphattdylcholme may have a tunctlonal in addition

_'»'.to a struétural role.
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The goat of the present research is to eﬁamtne[mechanlsme for diet-

* induced change in phosphatidylicholine blosynthesls In brain microsomal and

synaptic plasma ‘membrane tracttons. and the potentiat mlatlonshlp between

diet-induced regulation of CDP-choline and PEMT pathways /

| -
.. Hypotheses N
1. Diets with a high n-6)n-3 ratio of fatty acids increase membrane
content of polyunsaturated species of phosphatldylethanolamlne in
‘brain microsomal and synaptic plasma membranes. |
2. |ncreased membtane content;o{ phosphatidylethanolanﬁlne species
rich in polyunsaturated fatty acids provides preferred aubstrate for
- phosphatidylethanolamine methyltranSferasesc\andl resuits In
increased synthesis of phosphatidylcholine via the PEMT Ppathway.
3. Increased synthesus of phosphatidylcholine via the PEMT pathway is
accompanied by decreased phosphattdylcholine synthesls via the
CDP-choline pathway, ae\ measured.by the lipid-dependent enzyme

phosphocholinetransferase.

Research Objectives

The hypotheses posed will beQested in the following ways:

Hypothesis 1. .
The effect of diet n-6 to n-3 fatty-acid ratio on brain rnembrane'
phosphatldylethanolamme fatty acid content and' dlstribution of phosphatidyl-

ethanclamlne species, will be examined by feeding rapidly growing weanltng

'rats nutntuonally complete diets dtftenng in polyunsaturated to saturated ratio

and n-6 to n-3 fatty acid ratio. Mtcrosomal and synaptic plasma membrane.



fractions will be Isolated, tne\mbrane lipid extracted, separated by thin-layer-:
chromatography -procedures and fatty-acid methy! esters analyzed by gas-
thuid chromatography. The levels of dlet 18:2(6) and 18:3(3) will be compared
to membrane levels of n-6‘ and'n-a homologues in phosphatldylethanolarnine
. and phospnatldyloholine. cgnd in plasma membra‘ne. vereus "rnlcrosomal
mernbrane fractions. Content and composltion'ot individual phosphatidyl-
'ethanolamlne species will be analyzed by argentation thin Iayer-
chromatography and gas-liquld-chromatography procedures to establish that
increase in diet n- 6/n 3 ratio increases n- -6 content in membrane
phospholipuds
,/
Hypothesrs.? .
Methyltransterase activity of the PEMT pathway will be measured under
physiological conditions on fresh membrane fractions by mcorporatlon of
- [BH]-CH3 from [3H] S-adenosylmethionine into phosphatldylmonomethyl-
| dlmethyl- and trimethyl- (phosphatidylchohne) ethanolamme for ammals fed
diets s_hown to produce drtferences in the fatty-acnd composition of membrane
phosphatidylethanolamine.. Products of the' PEMT pathway will be separated
| by thin-layer—chromatography procedures. The relationship of PEMT activity
to membrane phosphatidylethanolamme fatty acid composition, drstnbutlon of
phosphatidylethanolamine specues and supply of diet fatty acrds will be
'lassessed . | | 3
A liposome model wnll be. used to further examine. t role of poly-
unsaturated ‘species as preferred substrate for the PEMJ' path%’ Species of
" phosphatldylethanolamme will. be selectnvely mtroduced into the membrane
using a non- speorfic phosphollpld exhange protem and Irposomes containing

known species of phosphatldylethanolamme The resultmg change in PEMT
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activity \will be compared to appropriate cont'rols to assess the etfect.of
changing membrane phosphatidylethanolamine species on PEMT acilvlty. :
Hyperhegs 3.

| The concomitant effect of ‘dlet and diet-induced alteration I.n membrane
fatty-acid composition on phosphatidylcholine synthesis vla PEMT and CDP-
choline pathways will be examined by measuring phosphatidylethanolamine
methyltransterase and phosphocholinetransferase activity in the same
membianepreparation. Activity will be measured under. phys_lolg_glc condhions
on fresh tissue samples utilizing [?H]-S-adenosylmethionlne and [14C)-CDP-

choline as substrates fer the PEMT and chollne pathways, respecflvely.

Membrane lipid will be extracted and r ity incerporated in phospha-
tidylcholine assessed by counting in a |

relationship of phosphdcholinetransferase activity to phosphatldylethanol-

amine methyltransferase activity, membrane phospholipid fatty-acid

composition and the complement of fatty acids in diet fat fed will be assessed.

| The data is presented in ehapter format, as follows°
Chapter i Nutntiohal procedures and analytical methods,

Chapter IV Effect of diet on brain synaphc plasma membrane and microsomal
membtane composition, .

Chapter V. PEMT pathway for phosphatidyicholine biosynthesis,
Chapter VI CDP-choline pathway for phosphatidylcholine hlosynthesis,

Chapter VIl Co-ordinate control of phosphatrdylcholme biosynthes{s vla
o CDP-choIine and PEMT: pathways,

Chapter VIl Luposome model for manipulation of membrane phospholipid

- pe. ‘L
- -
PR DR T A

ntillation spectrometer. The
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N Aspects of thrs data have been presented in paper format ¢
"KM and Clandinin, M.T. (1987) Phosphatidylethanolamlne

o :Hargreaves,

methyltransferase .Evidence for influence of diet fat on selectivity of ~

i _-substrate for me Rylation in-rat braln synaptic plasma_membranes.
Brochim Biophys cta g18 97105 S S

?.'k_-'.ijargreaves, KM and Clandmrn MT (1987) Pho&phecholrnetransferase .
' “activity in plasma membranes Effect of dlet Blochem _Blophys Res i
- Comm. 145 309 315, ! | | 3; ,.

i ..~Hargreaves. K‘M and Ctandtnrn MT (1987) Co- ordi ate control of CDP-,’- ¥
‘ -choline - andTphosphatidylethanolamrnemethyltrans grase. pathways for..

‘phosphatidy

tat Submrtted ST e

Hargreaves, KM and Clandmm M.T: (1987) Dreta control of ram“ﬂ |
p,hosphatidylethanolamme specres Biochm phys Acta
preparatlon : o

Hargreaves, KM and Clandmrn MT (1987) Modulatlon of mrcrosomal

: - membrane phosphatldylethanolamme by .diet fat and liposomes: effect on
phosphatrdylcholme btosynthesm Llprds In preparatron ' : ‘
Implrcatrons and future dlrectnons of the research presented in thrs thesrs :

. are drscussed rn Chaptér X, SR T

holine biosynthesrs occurs..in response twhange rn dretg



Ny Chapter Iil BRI R
Nutritional Procedures e d Analytical Methods
: Anlmals and Diets | ;
‘ Weanimg or adult male Sprague Dawley rats were obtained from
Charles River Breedlng Laboratones or the Universaty ei Alberta Vivarium ‘
: }_"Ammais were- housed mdrvidually ata room temperature of 21°C with 12 hour
| ! illght and 12 hour dark Water and food .ere supplied ad Irbltum Semi-purified
| duets contammg 20% (w/w) fat were ied for 24 or 28 days The basai diet
b composmon is Ilsted m Table 3 2 Fatty acrd composmon of dietary iats was
| vaned as |Iiustrated in Table 3.3. Growth rates for rats fed dliferent diets were |
~ similar (Table 3. 1) wrth an average v?brght gam of 165 g over 24 days Rats .
were kl"Bd by decapitatlon and bram (or Iiver) removed and placed in ioe-coid
: __buffer Bt \:ﬁ ' |

S . N

Membrane lsoia on an?i Characterlzatlon

The scheme for membrane isolation ts iilustrated in: Figure 31 All

; re performed at 4°C

i ‘v"'v.,s(1978) and standardllzed m our /iaboratory‘ (Foot et al 1 982) Three fresh

brains‘were pooied and hdrnogemzed for 8-‘10 strokes in 9 voiumes (27 ml) of .

0% (wiw) sul "se using a glas%-teflon homogemzer The homogenate was
“at 3 000 g (3 000 pm m an: Ss- 34 rotor, Sorval Superspeed R02-

_ antnfuge or JA-20 rotor Beokman J2-21 centnfuge) for 10 minutes The

| ""‘fsupernatant was: decanted and cenfnfuged at 10, 500 g (9 500 rpm) for 20
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: -Tablo 31 ' : .
J'l'hb ettect ot dlot treatment on anlmal welghts

"‘ .

/ i - V

Chow SBO SFO SAF  TAL - LO LO/CH - FO FO/CH
: Walght (g) I

“Initlal Lo, e, L e
, DayO ' 5245 633 634 . 6746 6718 50+3 4714 4743 . 4615
Final - P T NN A | |
) Day24 ) .239:!;15-_227123 : 235122 235+17 218120 . oL
- Day2s . : Kzsms 268123\ 245112 256421 -

'SBO= SBO - soyaobean off; SFO - sunﬂowar oil SAF - safﬂower oil; TAL i« beet tallow. LO = linseed oil; FO = fish - :
‘ oll CH = +2% (w/w) cholesterol : L » B .

' Animals were fed food and water ad Iibttum.

‘Table 32 \ .+ L
_COmposltlon fdl_e‘t L S U T

Dlet - Composition (perkg)

0
>

‘ A.High~prote|n casem - ] o270
. Starch ‘ ' : 200
- Glucose 207 .65
~ Non- nutrmve cellutose o B0
~-Vitamin mix1 «. , : 10
.~ Mineramix2- .- .. 80.
- Choline -~ .~ - : e,
" lnostol - .. gT
| ;'_L-mmhionineg;",,.,«:4: B T e 2
‘*._.Fats T el 200

RN .l
- ¢ ‘ 4
»

o~

oo,
QOooaon aaooaa

o A.OA.CVltagtln Mx L
Bemhatt-Tomarelll Mmoral mix -
3 Fatty-add composltionasshpwri

*rhe basatdiot (@l‘ndlnln. 1978) mt{dgai and 2
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""G@mposltlon of dletarTfats P R T e T T SRR e

Fatty Chow. saot SFO ~ SAF _ TAL Lo FO
acld e S %, W Lo ;

- 14:10 ] ) 01 01
16:0 165  13.3 103" 76
18:0 34 41 63 82
18:11 180 -~ 236 . 246 . 10.6
- 18:2(6) 2 428  52.7 . .162° 1.6
- 18.3(3) 45 58 - 3.9 6.0
20:0
20:5(3) 218

- 22:5(3) LR
22:6(3) . . .88
'n-6/n-3. 95 9.1 0.44 = 0.036
PIS 24 34 . 32 . 33

o —_  FatMixture®(SFOSBO).
. 100/0 - 85/15 70/30 55/45- 40/60 25/75 0/100
g %, w/w o
.60 . 66 68 79 87 9.5 13.3-
80 28 30 28 29 30 41

15.0 158 165 171 182 19.3 ' 23.6
751 -73.0. ‘71.0=c 68.1 = 644 625 . 527
_ 032 1.2 23 ., 32 42 53 ' 58

' 011 016 017 016 ~ 012 010 * 020 -

- -6/n3 235 . 61 - .31 - 21 15 12 9 =

';P/S ao 74 . 71 64 57 53 33

".SBO - seyd bean oil (Canada Packers. Edmonton. AB)
SFO = sunflowe oil (Safflo, CSP Foods Ltd., Saskatoon, SKL a

" SAF = 98% saftlower oil (Tosca National Imponers Ld.; Nort Vancouver. BC) o

. -42% linseed oil (Main:Pure Food Co., LosAngeles CA) L

 TAL'= 85% hydrogenated beef tallow (Canada Packers, Edmonton, AB) +12% satﬂower oll + 3% finseed oll

- LO= Iinseed’oﬂ (80% llnseed oit +20% hydrogenated bee tallow) o . ,

. FO = fish oil (SA-28) .. Lo T S
. PS= ratio of polyunsaturated to saturated fatty actds RSN . :

Y Includesn-Qandnﬁ lsomers B :

2 Numbers in brackels: represent the posmen of double bonds in the tetty aclde. from the methyl ond,

3 Sunﬂower oil and soya“-bean oil were mixed in the proportione lndiceted (% w/w) to provtde diﬂerent diet
fattyacld mrxtures e , .
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'10% homogenats of 3 brains -
(0. 32 M sucrose) ' - )
) 3,000 9 %10 min.
: R
P st T
146,500 g x 20 min.
4 o \ - g
4 : : ~ ’
“Washsx L
. Lyse by resuspending in - - oy 11,000 g
- 5 mM Tris-HCI; pH8.1,4°C, 30 min.| - = : %25 min.
. 96 000° g x 110 mln. g o o ‘
o : v }@' . i - . v .
196000 g
x ¥10 min.
‘ dlscontinuous R AR
sucrose gradlent ; , Microsomal pellet
96 000 g x 110 mln mitochondria « resuspended
in1ml10% -
o v - " sucrose ¢
R R . resuspend
R -pelletat960009x20m|n
i e resuspend in 0.5 ml 10% sucrose

Figure 3.1,  Membrane Isolation

e



' 'mlnutes to yteld a crude mitoohondnal pellet rpe) P2 was washed 8 tlmes ln 9

y volumes of 10% (w/w) sucrose. resuspended in8 volumes (24 ml) of 5 mM Tris-
HCl (pH 8.1) and allowed to stand at 4°G for 30 mlnutes to Iyse synaptosomes ‘
Lysrs was completed by homogenlzing 2-3 strokes in- a glass-teflon

homogemzer and the homogenate was. centrlfuged at 96,000 g (24, 000 rpm. o

Beckman SW- 28 rotor, L8- M ultracentrifuge) for 25 mlnutes The resultlng |

~ pellet was resuspended in 12 mi 35%(w/w) sucrose, and dlscontlnuous "

 sucrose gradient construoted by layering 12 ml 28.5% (w/iw). sucrose Hm .

24% (wiv) sucrose and 2 ml 10% (w/w) sucrose over the sample The’
gradients were centnfuged at 96, 000 g (24 000 rpm SW~28 rotor) for 110
%}mmutes Syna‘ptrc plasma membranes were collected from the 28.5- 35%' ‘
' sUCrose (gnterphase pelleted at 96 ,000 g (24,000 rpm) for 20 mrnutes and -

suspended in 0.5 ml 10% (w/w) sucrose for immediate use in enzyme assays,

: or stored at 70°C for future use

' Braln mlcrosomal membrane o
Membrane was |solated by a procedure developed by Cruz and Gurd' "
(1978) and standardrzed m our laboratory (Foot et al. 1982) Supernatant from‘ | -
 the P2 pellet was centnfuged at 11 000 g (11 000 rpm JA-20 rotor) for- 25 L
. ‘mmutes The resultlng supernatant was centnfuged at 96 ,000 g (24 000 rpm,

,Sw-ze rotor) for 110 mlnutes, and the pellew in1mi 10% suc_ro_se, .

used |mmedlately, or stored at -70°C

leer mlcrosomal membrane

Fresh Iiver (5 g) ‘was homogenlzed by polytron (Kinematlca.'_

- Swrtzerland) in buffer contalmng 025 M sucrose 01 M KH2P04, 1 mM_ _f

- 'drthrothreltol and 1 mM EDTA pH 7 2 The homogenate was centrlfuged at,_. . '

e




4

x (18, ooo g for 25 rnlnutes (1 3,500 rpm Beckman JA-20 rotor J2 21 centrifuge) e

+_and the resultlng supernatant was centrifuged at 100 000 g (40, 000 rpm,

, 'Beckman Ti 60 rotor L8 M ultracentrifuge) The peiiet was resuspended in

1 ml buffer, used immediately or stored at -70°C for future use ‘ 97

| ,_Membrane purity | ! |

| . Synaptic plasma'.vmembran'e ‘a'nd microsomal‘ fractions were tested
._ .enzymatically for punty as described by Cruz and Gurd (1978) Assays for o

(Na+-K*) ATPase (Verity, 1972) sbccinic dehydrogenase (Robinson et al

1968) RNA content (Fieck and Begg, 1965) and acrd phosphatase (Cotman. |

and Matthews 1971) were performed on plasma membrane and microsomal

fractions to test for plasma membrane punty and mltochondnal mlcrosomal and" :

Iysosomai contamination, respectlvely (Table 3. 4)

Electron microscopy (Flgure 3 2). was also performed as a measure %’ofé ’
| membrane purity Mlcrosomal and synaptic plasma membrane pellets were
suspended in glutaraidehyde and fided in 2% dsmlum +2% potassrum ferric
‘cyanide for. two hours The pellet was dehydrated wrth increasing. .
i concentratlons of ethanol ‘and embedded in resin. Techmcal assrstance from_

the. electron microscopy lab Muttart Drabetes Researtch Centerrs gratefully‘

acknowledged
| .'.,}Table 34 ' -
) Gharacterlzatlon of membrane fractlons
: 'Frection “(Nav-K¥) __ Succimic Ao RNA
: ATPase Dehydro'genase - Phosphatase =~ =~
SPM 1125:!:276 :‘"50.'_8'.'&0.15-“_ - 0.9%0.1 - 2.2+0.7

Mic 17111121 S 0602 oeﬂ;t 10.0£32

o

- Veluo represent the mean % S, D i 4 separate deterrninations.
SPM = syneptlc piasma membrane Mtc - mlcrosomal membrane
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Enzyme Assays '

Al assays for phosphochoiinetransierase and methyitransierase activity
were pertormed at physiologic conditions (pH 7.4 and 37°C) on fresh tissue ‘ g
unless otherwise specified Protein concentrations used were established to

be .in the range tor' lrnear reaction rate. Membrane isolates not used

immediately were stored at -70°C in 10% (w/w) sucrose.

Phosphatldylethanoiaminemethyltransterase activlty

Thls procedure is desonbed by. Fonlupt et al. (1981 ) Membrane_

fractions were pre incubated for 5 minutes in the presence of 50 mM Tris-HCI
and 10 mM MQC|2 The reaction was initiated by addmg 52 uM [3H- methyl] -S-

adenosylmethlomne (11 35 x 106 dpm/nmol) Total volume was 150 [TIR and'

reaction time 30 mmutes The reaction was stopped by the addrtron of 3 mI
CHClgl MeOH 22N HCI (2:1:.0.1, v/v/v) and washed’ twice wrth 2 ml MeOH: H20

(1:1, v/v) containing 0.1 M KCI A blank tube was prepared and pre- '

B incubated, but the reaction was stopped at time zero Lipid extracted in
‘chloroform was dried under mtrogen resuspended in 20 pi CHCI3 :‘MeOH (1 1)

. and applred t6 Whatman LDK6 plates. Phosphatrdyichohne phosphatldyl-‘

monomethyiethanoiamrne and phosphatidyldlmethylethanolamrne were

B indentiiied by standards run srmuitaneously and recovered from the plates after

separation in CHCly: propionlc acrd 1-propanol H,O (40 :40:60:20 by'vtolume)

. for three hours. Sillca was placed in 5 ml scmtrilatron cocktail (Aquasol, NEN" :

/

or U"is°"’° L Te"°¢h€"“) and counted in a Beckman L.S-5801/liquid scintillation .

spectrometer. Counting eiircrency was 56% and ali counts were corrected for

-counting efficiency.
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Phosphocholinetransterase activlty .

This prpcedure is described by Baker and Chang (1982). Membrane _
fractions were pre-incubated tor 5 minutes in the presence ot 50 mM Tris-HCl,
25 mM MgCl,, 6 mM dithiothreitol and.1 mM EDTA. The reaction was initleted
by addition of 0. 14 mM [14C- methyl] CDP-choline (2500 dpmlnmoi) and the
- mixture incubated for 10 minutes The reactlon was stopped by addition of3ml
CHCI3 MeOH:2N HCI (2: 1 O 1 v/v/v) and washed twicp with 2 mI MeOH H20
(1:1,°viv), contaming 0.1 M KCI Biank tubes had the reaction termlnated at
time zero. Lipid was extracted in ci‘iloroforrn' dried under nltrogen .
_ resuspended in 50 i hexane and added to 5 ml tluor Background correction '
was made from control reactron mrxtures Samples were counted in a Beckman

7% and all counts were corrected for countrng efficnency o

e

o i ’ ‘ j"" -
‘Protein determination

AII enzyme activites were standardrzed per mg membrane protem using

?/a modified Lowry method (Markweli et al 1978) Reagent A contalning 2%
""'}"?:{*Nagco;, -0.4% NaOH, 0.16% Na-tartrate 0. 16% SDS reagent B containing

4% CuSOy4: 5H20 and reagent C compnsed of 100 parts reagent At part.
reagent B were prepared Standards and samples wers mixed wrth 3m
reagent C and lett to sit at room temperature for- 10-60 minutes. Colorl

developmerft was tnltrated wrth the addltton of 0 3 mi Folin- Ciocalteau reagent

- 7 (1:1 dilugion with H20) left to srt at roofn temperature for 45 minutes and read at’

660 nm in a Varian Cary 23_90 spectrophotometer agamst a prepared blank‘.,' A

“standard curve was prepared using’-1‘-200 ug bovine serum albumin. |
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Liquid Scintillation Counting

" All samples were prepared In 5 m! scintillation cocktall (Aquasol, NEN or

‘Un@glve |, Terochem) in 5 ml plastlc scintillation vials (Beckrnan Mini Poly-Q
vials or Fisher Minivials). - Samples_- consisted of lipid suspended ln;so ul
hexane, or silica gel from thin-layer chromatography plates. Samples were

counted in a Beckman LS-5801 Liquld'SclntllIatlon Spectrometer equipped

with H# and RCM options and single- and dual-label dpm programs. Standard

curves were prepared using Beckman 3H and 14C stan |
mlnute were corrected to dlslntegratlons per minute baséd. on the H# of the
sample. Countrng eflicie_ncy was approximately 56% for tritium, and 97%

for 14C.

Lipid Extraction _

‘Membrane lrplds were extracted in 10-20- volumes CHCI3 MeOH:2N HCI

(2:1:0.1, v/v/v) containln_g 2.’5 ppm ethoxyqurn, and 7-14 volumes MeOH.HZO

(1 1, VIv) cdntaining 0.1 M KCl. Phases were left to se'parate at 4°C overnight, -

or. centrifuged at 3, 000 g for 15 minutes The chloroform phase was dried under

'nitrogen or under vacuum in a Savant Speed Vac Concentrator and stored in

o

. sealed vrals at -70°C

| Thln Layer Chromatography (TLC)
TLC plates were activated at 100°C for QQJhrnutes TLC tanks were

allowing the tank to stand at least: 1 hour prior to msertlng plates. 'Lipi

50

- equilibrated thh solvent by linmg the tank with Whatman #1 ﬁlter pap;r:::/j

| visualized under ultraviolet light after spraylng the plate with 0.03% 2'7' DCF or
0.01% ANSA in water. C17 or C19 external standard (5 or 10 ug) when used,
was spotted on identified phospholuprd regrons -on the TLC plate and was

T

/
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recovered with the phosphollptd when it was scraped lrom the plate.
Phosohollplds were separated lrom neutral lipids on Analtech 250 3 Slllca Gel
G- plates (20 x 20 cm) in petroleum ether: dlethylether lormlc acid (60:40:1 6
© VIVIv). ,

Two methods were used to separate individual classes of phosphollplds

. Two dimensional separatlon was accomplished on Analtech 250 p
' Silica Gel H-plates- (20 x 20 em) using CHCl3:MeOH:28% NH,OH

) w{;;.

. (65:25:4, viviv) for two hours, and CHCI3°acetone'MeOH acetic

Ry acid:H,0 (30 40:10:10:3 by volume) for 1 5 hours as sequential

solvent systems _ , ' v -
2. One-dumensnonal separatlon of phosphollplds on Analtech Silica Gel
H -plates or Whatman HP-K high-performance plates (200 p, 10 x 10

crn) was achieved ustrlg the following system CHClj: MeOH :2-Prop-

" anol:0.25 % KCI: Tiethylamine (30.9:25:6:18, by volume, Touchstone
et al., 1980). , .

]

Phosphdlipids resolved were;sphingomyelin phosphatidylcholine, |

- phosphatidylserine, phbsphatidyllr'tositol and phosphatidylethanolamlne

Phosphatldylethanolamme species ‘were separated on Whatman HP K plates »

| |mpregnated with'AgNO3 to a flnal concentratlon of 30% (w/w) AgNO3 in silica

‘The plates were sprayed with a 10%  solution of AéNOa in water.

Phospliatvidylethanolamine- species were resolved’ using CHCI3:

MeOH:H0 (55:35:7, viviv) as the the solvent system _(Arvidson. 1965). Up to |

7 distinct-bands could be resolved using this method. These bands contalned

one to six double bonds per phosphatidylethanolamine molecule.



L. i " s N . . T e '?’ Cen ,52 R - A P

o _Elution of Phospholipids from Silica Gl
Phospholipid was eluted fromsilica gel TLC, plates according fo Skipski

et al. (1964). Silica bel scraped from TLC plates was washed sequentially ww

the following solvents:
3 ml CHCl3:MeOH: acetic acid: HgO (25 15:4:2, by volume)

2ml CHCI3 MeOH: acetic acid: HgO (25 15:4:2, by @olume) I

2mi methanol o
2 mI_MgQH. acetic acid:H 0 (94:1:5, v/iviv).

" Formation of Fatty-acld Methyl’ Esters |
Fatty- acnd methyl esters were prepared usrng BF3/methanot reagent

(Morrison_and Smith, 1961) Samples contarmng lipid in silica were added’
- directly to 2 ml hexane in 6 ml glass tubes wnth teflon-lined caps BF3/MeOH :

' reagent (1 5 ml) was added, samples heated at 90- 110°C in a sand bath for 1

hour cooled to room temperature and methyl esters extracted in the hexane
phase after addition of 1 ml HéO Samples were auowed to stand for 20 30. : "3

" minutes, and the upper hexane layer rémoved and concentrated under»; . éf

mtrogen Llpld was resuspended in hexane to the required concentratlon

minutes. These analytrcal condltrons separated all saturated mono- -

: d? .



‘ polyunsaturated fatty aclds.from C12 to C24 carbogs In chain longthj(f-‘lguro
3.3). Samples were auto-injected with an injection volume of 1-2 ul. A Varian
Vista 402 data system was used to analyze area 'pereent for all resolved peaks

~ and to quantify sample size basad on external standards when added.

0 Experlmental Design and Statistical Anqusls
Expenments conducted over two or more days were blocked, so that

equal numbers of animals on each diet were sacrificed each day. Effects of

dietary treatment were examined by two-talled student's t-test, or multivariate

analysis of variance using the: Neuman- Keufs mumple range test after an effect
' 'of diet treatment was shown by analysis of variancs. Correlatlons between
dnetary fatty-acid composmon\and membrane, phosphollpld fatty-acid
B composmon and between membrane composition’ and enzyme function were

J
assessed by linear regression procedures

oa
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e Chapter . .
Effect of Dlet on Braln Synaptic. Plasma Membrane
| and Mlcrosomal Membrane Composltlon

B T
| . Purposa el T o
Expernments were designed to examme the effects of cha il '

- &
composrtron on’ braln membrane phosphollpld fatty acidgig

Partlcular attentron |s gtven to the control ot membrane phosphollpid content of o

essentlal n -6 and n-3 fatty aclds and their elongated homologues w

e

4

lntroductlon

N

Phospholrplds are major structural components |n biologlcal membranes "
L

' and re;’resent a heterogenous populatlon of molecular specles characteriZed"

by their polar | héad group, nature of fatty acyl chams. fatty- acyl chaln linkage

’.}'_to the glycerol backbone and posrtlon of fatty acid m the, phOSpholipld

L actlv,ptres

? ;’molecule Such charactenstlcs may be mfluenced by the route of phospholipld |

| synthesus or: catabolrsm phosphbhp turnover or supply ot substrate for these

40

- - Brain’ tlssue |s unlque in rts heterogenous nature multicompartment. |
structure of complex llplds and profobnd changes observed dunng a relatrvely

short crmcal penod of growth Bram and other excrtable tlssue such as heart

1 “ and retma h§§ a charactenstrcally hrgh content of the n-3 fatty acrd 22 6(3), '_ R

‘ lsuggestlng the essentlallty of n-3 fatty acrds rn these tlssues The relative

T_.llver serum .or. muscle fatty-f‘"’ _compositiof.

" . R - ; e T )
. : . sk .. - P Lo e e
o . R g R .

"f severe essentral fatty-acld def crency were slight

S vconstan (v, of Ilprd composmen and fatty-acrd pattern |n mature braln suggests'\ 5

an |mportant role for lrpids in bratn membrane functlons Allrng et al (1972) -

i

"_"v'ehowed that changes |n bram phOSphohpld fatty-acld composftron with a

comparlsOn to. changes mi_ ¥

The lmportance of poly;;
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unsaturates in braln membranes is emphasized by the fact that changes

occurring in essential fatty acid deticrency maintam the,pverall m?mbme N

L content of polyunsaturates espije reductions in‘the' proport'fon ot fatty acids of "

the ilnoleic and linolenic acid series ,(—Alllng et al,, 1974 Kargsson 1975) |

Decreases in 20: 4(6) and 22 6(3) are compensated for by increases in 20 3(9) |

and 22'3(9) (Galil et al 1970 Galli Whiteet al 1971) _Brain tissue appears to..

- spare 18 :3(3) by recycling 22 6(3) dunng cntical perrods of rapid brain growth

(Dhopeshwarkar and Subramanian 1975a) Smclair and Crawford (1 972) .

have also noted preferential accumulation of 22 6(3) m rats fed milk low in'
“ 18 :3(3). . In rat bratn myelm (Karlsson 1975) and rat retina (Fiotstein et al.;

1987) levels of 22 6(3) decrease with- age. T h|s decred”sé Is accompanied by ‘_ :

R increased levels ot monoenolc fatty acrds (Karlsscn 1975 Fiotstem et al.,

"".,,:3) dendritlc growth and development of neurotransmitterr

1887)y. In vitro studies m rat retina utiltzmg [3H] glycerol and [14C]
;docosahexanoate suggest a defect in the synthesrs of 22 6(3) in this tissue wuth o
:aging (Rotstein et al.; ;1987). R '

The nervous system lS one of the first organ systems to develop, and the =

last 1o reach matunty, and so rs umqueiy vuinerable to non-genetic influencesf .

_dunng growth and@development Stages of brain development mclude‘

1) proliferation and migration of cells 2) development of cell recegmtion :

ceptors and- -

- '4) myellnation ’(Wiggins 1985) M@ture neuronal cells are not ’capable of oell»:

. -TF

-'f{;f_'diwsion, so the period of neurogenesrs and subsequent migration andﬂ

’--maﬁuratlon ot neuronai ceiis is cmcral to brain development Glial celis ame_

_f/produced ovér a prolonged period of time, mcludtng adult life Some types ot' -

j"'-1 "\_;‘giiai celis of he central nervous system that form myelin Myeimogenesis:f".'.

partrally ditie entiated glial cells ban go through cell dIVlSl , enablmg giiaii -'
;,;'.cells to recov‘r from damage (Ba‘yer 1985) OIigOdendrocytes are specralized ’

B ] L

b . P
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y,-refers to the. lnteraction of nerve processes and gllal cells that result ln myelln .‘ '
' sheath tormation (Gould 1985) A normal human brain‘is 35% of dry welght as

myelin (Gould 1985) and myelin is 70% lipid. Myellnation occurs at dlflerent';;. .

. rates and at different times in. different regions of the brain (Gllles, 1976.' .
| Richardson 1982) Whlle Schwann cells of the perlpheral nervous system are'
' capable of remyelinating axons, oligodendrooytes do not have this capabllity‘ :
v (Wisniewski and Raine, 1971) The lipld and protein strticture .of myelln lsv;’i‘ :
v'essential to its function (Stampfli 1981) Myelin is unlquely. lipid-rich, and the i
capability of the oligodendrocyte to synthesize lipid is essential for formatlon of'. '
~ the myelin sheath (Ledeen 1984)(‘ The act|Vity of. Iipid synthesizlng enzymes
of oligodendnal cells. corresponds to rate of myelination (Gould 1985). Brain ;.
'tissue in general also has consuderable capaCity for Iipid synthesis (Gaitl et".
l 1982) fatty-aCid eIongation (Bourre et al., 1978' Cook 1978) and' -
‘desaturation (Dhopeshwarkar et al 1971 Cook 1978) Bourre ot al (1983) .
o examined the effect of fatty-ac:id availability on the development of fefal mouse
| cells in oulture “The. ratio and availability of polyunsaturated fatty acids would B
, appear to mfluence the proliferation and differentiation of neuronal and glial :
. cells

Experiments presented in this chapter were deSigned to examine the_ )

nature of the brain S response to changes in diet fat fatty aCid composition with-'f_

regards to control of membrane phospholipid fatty-aCid composition Dlets
were chosen that differed in the amount and balance of n- 6 and n- -3 fatty acids
Because of the importance -of Iong-chain polyunsaturated fatty aclds in braln )
‘ membranes1 it is of interest to examine how the brain responds to alteratlons ln‘“” ﬁ' 5

o precursor availability under normal physrologic conditions e 5__ SN
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The characterlstlc prolile of brain mlgrosomal phosphollpld fatty acids in

- comparlson to liver mlcrosomes indicates that these two tissues maintain quite -

-dlfferent membrane llpld composrtlons, presumably ralated to specrfrc

e membrqne functions. Monoenes and n-3 fatty acrds are elevated in bram ,

wphosphatid ethanolamlne, n-6 content and n- 6/n-3 ratlo are decreased m"j

brain comparéd to liver (Table 4. 1). Brain phosphatrdylcholme has a higher‘_»f

o content of satugates. very much hrgher content of monounsaturates lower n-3 -

and much Iower n- 6 content resulting in 'a lower n-6/n-3 ratro compared to"-

| _UVer Liver phesphatldylethanolamlne and phosphatrdylchollne composrtron |

%
.
—_
e e . ’
Dhot. ' .,

Table 41 : A

| _Mlcrosomal memdrane @phoﬁbld fatty acid cornposltlon

Fatty acldo _ Wearﬂlng braln Adult brain__ Liver
' ;(n)‘_' (12) . o (4) . (6)
S ', : %, w/w o _,
B F o I
Phosphatldylethandlamlne. PR |
YSATS 5211:12a o A’503¢oeb ,/43,2‘¢o_3 ¢’ .
_ IMONOS g2i04a  10§+04b- . 39:06C
- Zn6 . 214408 . 217403 - 3831913
~Ze-3° . 183108 . 174%05 .. 95%17a
- 063 12:003 # +.13£004 42:10a
»Phosphatldylchollne ST _ |
| 3SATS ,668106 a . 857+£03b . 48.4106°
.__;szONos . 27+04 - 233+02 - 42%178
 In6- - 79402 . 86402 = 427+188
s une8 zlsd:ma o 25+01b. . 424086
©n-6Mm3o ‘84101 353004 - to5t23a

| Anlmnlulere Ted soya-beah oﬁllets ccntalnlng 2oeea(w/w) lat for 24 days Values represent.means 35D,

- “,(n) - nquer of replicates. Values wlthout a common superscrlpt are slgnirrcantly dillerent at p <0.05 for a

. given fatty e
_""%SATS-sumotsatumted fatty aclds.ZMONQS-sum olmonounsaturatedfattyaclds.):n-s-sum of. n-s P
g latty nclde,znex-sumol n-alatty acids. . e i T Lo




. differ primarily in n-3 content but both phospholipids are relatively slmllar In :
'.‘fatty-acid composltlon Brain phosphatidylohoilne compoeition dlffers markedly'“" )
- ‘from phosphatidylethanolamine in content of saturates moncunsatufates. nB
and n-3 fatty acids. These observations suggest that synthesis of phospha-‘

kftidylethanolamine and phosphatidylcholine ln brain and liver are. under_[g{

- different regulatory. r:ontrol The biosynthetlc difference may be a result ol
idifferent substrate availability, different levels of llpld-syntheslzing enzyme,
activities, or a combination of both with substrate availabllity lnfluenclng
'enzyme function. o . o _
_ Subcellular membrane fracttons in brain, also differ in phosphelipld iatty-_"':.‘ '
~}-acid composition Synaptic plasma membrane phoSphatldylethanolamine

contams a higher percentage of monoenoic fatty acids, and a lower*"

B _percentage of n-6 and n -3 fatty acids, - but with a higher n-6/n-3 ratlo than?

‘,‘ .ge- i

microsbmal membrane phosphatidylethanolamine (Table 4 2). The reverse

observation is noted for phosphatidylcholme a phospholipid which contains. s

. higher. Ievels of saturated and' monounsaturated fatty acids and much lower _
‘levels of n-6 and n 3 polyunsaturates /Em\phosphatldylcholine synaptic i N

L ,plasma membrane exhibits lower levels of n- 6 atty acnds, higher levels of n-3

: fatty acrds and a lower n-6/n- 3 ratio than microsomal membranes (Table 4, 2)

In weanlmg animals, microsomal membranes show increased content of

, ":saturates and decreased content of monoenes in both phosphatidylethanoi- L

amme and phosph@tldylcholme compared to synaptic plasma membrane

A (Tables 4. 3*and 4.4), The n-6 content remains fairly simiiar in both membrane

| ,fractions but n- -3 content is increased in microsomal phosphatidylethanoi-

o '»_iamine and decreased*m phosphatidylphoiine compared to plasma membranes iy

- ‘with a respectrve decrease and increase in n-6/n-3 ratio Feeding a sunﬂoweri.i'; g

. _’oil or safflq‘\er ori' diet to weanling anrmais for 24 days produces similar

T _\v



B sunﬂower oil diet produceg dramatic mcreases m mrcrosomal phosphaﬂptd‘;ﬂ'ff

Table 4 2

i ,Average fatry acid cornposltlon of membrane
| phosphatldylethanoiamlne and phosphatldylchollne

60

Fany

. acld _MIC o .
S 16':0 T 129:04 W2.3£02 . 526%08 - 5241006
IR 1 - 13 AR 05:!:007 _02, 0.01 0.4+0.02 0.8+£0.01
S 18’: S 36..1& 1.7 37.9 +£05 11.5:!;0.3 - - 12.310.0°
- 183 ‘15.5:1: 1.1 10.9+0.1 226+24 . 22.310.05
o188 2(6) 0.7+0. 04 0.4£0.01 0.910.04 - 1.1.+£0.01
‘ 20:0 0.1+0.06 . 0.2+0.01 0.4+0.03 -.04100 .
20:1(9) 0.2+0.2 K R 0.2 £0.03 - 0.2%0.0
1 20:2(6) . S 0.2 £0.02 031001 .-
20:3(6) ~0.2+0.01 _ 0.2+ 002 0.2+ 0.01 0.2 +£0.0% o
- 204 6) - ._‘41‘2.6_'1 0.03 13.2+0.2 4:7 $0.2 - 5.7+0.1 — .
- 2005(3)  0.1+£0.02 " 0.1£0.02. trace. © trace
22:4(68) . 28+0.2 3.8+0.2 061005 ° .0.7 £0.04
...22:5(6) 1.21£0.6. 1.86+£0.8 0:2.+0.1 0.2+0. 1
22:5(3) .—-0:1£0.1 0.1+0.04 trace . trace ¥ .
* 22:6(3); - 15.0+08 . ;16.6 1.1 ° 27103 2.8 +0.2
YSATS 50.5+15 - .50.7+0.7 ‘65.310.8 . 65.7+0.2 .
K 2MONOS 16.8+0.4 - 11.1+£0.1 24.4 +0.4 23.3+0.1 . . .
3 n-6. ‘W6+1.2 19.5+1.1" 172205 . .. 82+0.3 ,
S Zn3 15.3’:!:’0.9 18.7+1.2 32102 28102 -
" -6/n3 12:’!:0.1' e ‘~--10:|:0.1 : 23i02 29:!:031»‘ e
Male waaﬁllng rats were 1ed diets containi 0% (wM) diet 1at for 24 28 days Values represent an average

ofthe means + §.D. for six diet treatmentaanach diat treatment eontained4rom 3-12 replicates, Trace's - e

less than 0.1%..

SPM = synapﬂc plasma membrana, MIC = mlcrosomal membrane .

- N

”r

° B ‘.Q

»

r ;comparisons between microsomal and plasma membrane frac;ions for

phosphafidylethanolhmlne but increases m both n-6 &nd n -3 content of L

_’microsrmal“phosphatidylcholine wrth a resultmg decrease m n- 6/n -8 rat:o
. ,Feedmg the‘zsafﬂawer orl dlet. which contams f‘ve times more ~18 3(3) than thet

,_ :_rn-a content and reductionsmphsma membra' e ‘"_3 content Tm s suggests_ S




Soya-bean oil and tallow dlets. havlng Iower ratios of n-6 to n-3 tatty acld&

| \geéserally produce lntern(d&lary levels of membra'phosphollpld n-e“‘;a”nd n-3

fa y acids and n-6/n 3 ratio (Tables 4.3 and A 4). Feeding the polyunsaturated

-~ Phosphatidylcholine::

soya-bean oll diet resulted in high levels ot n-3 latty acids in synaptlc plasma} .

membrane phosphatldylethanolamlne (Table 4, 3). ‘Fe'edlng the saturated tallpy

-‘ diet resulted in low levels of both n-6 and n-3 fatty aclds in synaptls: plasma

membrane PhOSPhWne, but levels 6f these tatty aclds are quite well
‘. mamtamed in phospha ethanolamlrle (Tal':’l% 43y -

The |mportance of diet - 3 ccantem"l for braln tissue. phosphollpld

‘ ! ﬂx " A i)
 Table 43 Lo o L
- . Effect on_diet of synaptlc plasma membrane phosphollpld tatty acld
- composltlon . , L ‘3
L mgg:[mxmgm —
‘-‘Ffatty ‘Weanling SBO SAF “TAL.
Acid . | - |

%w/w .

R

,_- Phospha tldylethanolamlne

L zSATs 456 + 52 46.3+10 472115 540+258 483+2.1

“* IMONOS 21.8+17 209+19 '187+108 253+25D 216+26a

- Zn-6 20.3+24 a 195106a 21.7£08 3 157+£22b 186+1.5¢C
,Zn-3 - " 123+%22 133:&:12 S 124%1.4 50t212 116+13.

f=6/ne3 . 1.7£02. 1.5+01 18101 37%1628 16+02

T

- YSATS  61.8+18 59.2+1.6 8 59.6£1.68 61.1£1.0 ’61.‘5:1:2.'1

IMONOS - 269+10 31.8+1.4a308+0.728 325+0.9b 336+1.8¢

" ¥n-6 - 78+08 681063 77+08 59+04b 45:05¢

-3 - 33104. 211042 191038 061035 05+04b

, n6/n3 _'24:i:0'2 33:!:05 41105 133:!:61 a ‘I69i13‘la |

t

Male weanll rata wére ted diets contalnlng 20% (wM) dlet fat for 24 day: Valuoa represent meene +8.D.
- for 10-12 replicates. Comparisons betwden dlet treatments. are significantly different ap<0. 05 tor values
*.without a common superscript. -

'VV?TSBO-_sza-beanoil SFO-aunfloweroll SAF-salfloweroll AL beettdbw T Ty
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Tﬂb" 4 4 ‘\t ,A.&, ”}-':‘ o v ’ ‘ | ’Q |
.., Etfect of diet on mlcrosomal membrene 9hosphollpld fatty acld
composltlon T

Fatty ~ Weanlvling ‘§§O ’ SFO éAF -
Acld - (12) . - (4) " (4). - (8)
A % ww . | |

. Phasphatldy.lethanolarnlne: |
ISATS: | 521+12¢  50.7£11. 50.3+06 ' 47.8+2.1 &

YMONOS- 8.2+0.48  11.210.6 10.91 0.1 9.8+0.9b
>n-6 214408 - 18.4+06 a 21.7+0.3 - 17.41+09 b
zn-3 18.310.8 19.6+09 a 17.1£05  249%17b  «
n-6/n-3 ~ 1.2+0032  0.9+002b '1.310.04 ¢ 0.7+ 0.06d
 Phosphatidyicholine: o .
TSATS . 66.8+06 .- 658+03 657103 63.4+1.6 a
SMONOS 22.7+04 . 23.3+0.2 23.3+0.2 236+15 -
Sn-6 7.91+0.2 - 80+01 -  86+022 ‘9.2+0.7 b
n-3 . 23%01 . 30+0.1. 25+01 - 45+16 4
n-6/n-3 34204~ 26:1:013 - 351:01 - 22to05b

. Male weanllng rats were fed dlets containing 20% (wlw) dietfat for 24 days Values répresent means + S.D.

. (n) = number of replicates. Comparisons between diet treatments are signrhc*tly different at p< o 05for -
valugs without a common superscript.

SBO - soya-bean oil; SFO = sunflower oll; SAF = safflower oil. b '

| composifion is furthler demonstrated by feeding ‘diets containing fish oil or |
B linseed oil, which are partrcularly fich in n-3 fatty acids (20:5(3) ‘and 18:3(3)
respectively) Feedrng diets contaming Iinseed oil or fish orl produces “
.‘elevated levels ‘of membrane phosphohprd n-3 content at the expense of
,membrane n-6 content t changes bemg most pronounced for synaptlc :_

4

"'plasma membrane phosphatidylethanolamme (Tables 4. 3 to 4. 5) Marked ,.{

changes were observed in n-6/n-3 ratio for all phospholipids and membrane
P

. v,ﬁgg“ by

»-fractions Feedlng the lmseed-oul diet reduced membrane content of n-3 fattyge

' acids resulting in hlgher phospholipud fatty-acrd n-6/n- 3 ratros compareda to i
. s S : : @r



Table 4.5. SR

- Etfect of fish oll and Ilnsaed oll dieté on mlcrosomal and synaptlc |
+ Plasma membrane pposphollpld fatty. acld- Qomposltlon
X ‘ Diet Treatment _‘”
Fatty . FO _‘ FO/CH - LO : LO/CH
, | . %wAv

Synaptlc plasma membranq.
Phosphat:dylathanolamlrfb

PO
#

'ZSATS  49.7+07 ¥ 4581093 | 522428 506412

IMONOS 21.9+108: ' 216:128 14118 165+1.3
Sn6 . 1034054 . 11.5:05 8 16.2% 1.1 164405
In-3 ~ 180%133  21+14b 1761188 . 166188
n-6/n-3  0.6+0.01a 06£0038  09%01 10102

| IPhosphatidylchoIinb: ) s Ty “ - o |

 ISATS | 633%14 . 642416.. 65307 . 63.4430
ZMONQS 285+068  -285:1.1a  26.0£0.2 | 26.2+0.6
n6 . ;43:05a8 404042 56103 - 56402
In-3 3910238 - - 32+03. 3103 . 32103
- neMm3 Crizora 120128 . 1.8+0.1 1.740.1,

: Mlcrasomal membrane ‘ 3
Phosphatldylefhar;olamine ‘ v ,

ISATS  49.2:12 4774241 46.2+07 - 464117
3IMONOS 102103 98018 104202 = -10.5%0.1
>n-6 136043 1411082  189:08 - 18708 .
3n-3.  269:08a 282+1.48 247106 24410 -
0-6/n-3- 050018  05+0013 08£003 _ 0.8+0.0
Phosphatidylcholine: o o
3SATS 646£10  64.6+0.4 658408 - 70.1+0.88
MONOS 26,5 + 0.05 26003 - 247:038 " 187060
In-6  52+038 521024  73:004  7.5%0.3
Sn-3 441043 . 40%038 . 325402 3.4+02
n-6/n-3  12+004 13:|:oosa 225:toosbr - 22+002b

Male weanllng ats were fed diots containlng 20% (ww) diet fat for 28 s. Values roprount means £+8.D.
for 3 replicates. Comparisons between diét treatments are signific ly different at p < 0,05 for values -
_ without a common superscﬂpt FO «fish oif; LO = linseed oil; CH (w/w) cholostoml
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the fish oil treatment (Table 4.5). The lower levels of n-6 fatty acids In
membrane of animais fed fish-oll diets resulted from signifioant reductions in
levels of 1 8 2(6) 120:4(6) and 22:4(6) (data not shown). Microsomal
phosphatidylethanolamlne from rats fed fish-oll diets had no detectable level of
18:2(6) (data net shown). ‘The addition of cholesterol (2%, wiw) to Iinseed oil
and fish oil diets produced very few changes in overall fatty-acid compositlon
of membrane phospholipids (Table 4.5). '
Strong correlations -exist between dlet fat content of n-6 and n-3 fatty
‘acids and membrane content of long-chain n-6'and n-3 homologues, such as
296(3) (Figure 4.1b), 22: 5(6) (Figure 4 1c), and 22:4(6) (Figure 4. 1d) The
strongest correlations, exist between diet n-6/n- 3 ratio and n- 6/n 3 ratio in
membrane phospholiprds (Figure 4 1a; p < 0002 for phosphahdylethanol-
amine, .p < 0.006 for phosphatidylcholine). Figures 4.1b and 4.1d illustrate |
ditferential diet etfects in phosphatidylethanolamme and phosphatldylchoilne
The 22 :6(3) content in plasma membrane phosphatldylethanolamme but not.
phosphatidylcholrne, correlates sigmfcantly with diet n-3 content (Figure 4.1b;
p <. 0. 01) Conversely, microsomal phosphatidylcholme 22 4(6) correlates '
srgnmcantly wuth diet n-6 content (Figure 4.1d; p < 0. 02). |
. Diet-mduced ,changes in vmembran e.phospholipid fatty-acid content are
more clearly defined by examining individual phosbholipid‘:species. Major
: specles of phosphatidyieth'anolamine in synaptic plasma membrane and
| mlcrosomal membranes are shown (Tables 4.6 and 4 7). Species of phospha-
tldylethanplamlne in synaptic plasma membrane and mlcrosomal membranes V.
are simllar with mlcrosomal specles of phosphatldylethanolamme contaming
higher percentages of 22:6(3). Diet" |nduces changes in -the tatty acid "-
_composition ot _species and in the relative contribution of ditte're‘nt' speCies to

-the phosohatidyle‘thanolaminejpool (Table 4.8).
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Figure 4.1. Relatlonshlp between diet fat composltlon and fatty- -
© . acid content of membrane phospholipid
Animals were fed diets oontaining mixtures of soya-bean and sunflower oil (20%, w/w
fat) for 24 days. Each poink presents the.mean+ 8.0, n=4. - )
PE-phosphaﬁdylothanolam Ine; PC = phosphatidylcholtno, SPM -syn&tlc plasml
membrane;,. Mlc niicrosomal membrane \
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Table 4.6 oo K . L
Phoephetldylethanolamlne specles In microsomal and synaptic
‘plasma membrane : R . o

Fatty M
| -8 4 | 1

Acid
' A % wiw

-

Synaptlc plasma membraae | |
16:0 17920 . 12.7+15 21.1£27

18:0 39.9%42 4051 4.0 .20.7+28
18:1 , - : 41.0+6.3
20:4(6) ER ‘ 252145 ‘
22:4(6) - 103188 ¢
- 22:6(3) -0 273143 ‘ : :
Microsomal membrane
16:0 ~ 129+1.2 81+1.1 181123
180 . . 38.8+3.0 428+1.8 222+1.9
18:1 o 415147
- 20:4(6) 30.6+4.0
22:4(6) , 72108
226(3) . ~ 34.6:1:24

‘Male weanling rats were fed diets containing 20% (w/w) sunflower oil or soya-bean oil for 24 days. :
Phosphatidylethanolamine species were separated by argentation TLC. Values represent means + S.D. for
two diéts with 12 replicates per diet. .

*

| Discussion’
The control of membrane phospheltpid fatty—aeid composition in. brain is
complex but can be regulated by altering the supply of tatty acuds fed ina |
nutntionally complete diet.
‘ /Fatty acids (Dhopeshwarkar et al.,, 1972; Pardridge and Mietus, 1980),
and probably intact phospholipuds (Hoelzl and Frank, 1969), can be taken up
.by brain st the blood-bram barrier. Bram tlssue also has the capacrty for fatty-‘

acid elongation (Bourre et al 1978 Cook 1978) and desaturation

.4 .
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.| Table 47 . o ‘;, o 0

- " Phosphatidylethanolamine specles containing 4-6"double bonds

4

S 4

| - _Diet Treatment N
Fatty Wearnling SBO SFO, FO, FO/CH LO LO/GH
acld  (12)  (12) ° (12) 9§3)/w (3) (3 - (3) |
| o : y W : o

K o
Synaptic plasma membrane S . , : »
% . 169432 11.6+1.3° 1721220 1711£1.5% 14.8+28% 16.8+2.00 1504020
16:0° 188151 174162 18.0+22 177118 208+1.4 213128 149+0.01 .
18:0 208408 31.0+4.0% 282126 365+7.3° 25:14+1.2% 37142.5%0 30BIT:
18:1 1764180 141£2.0% 17.1+28% 106+2.8° 126+21% 18+0.19 14.811.080
182 - 22+09 12:02° 11+03 16104 20:05 17:01 194 02
“20:2(6) 18105 19+04% 26+04° 22+0.2% 1131 03¢
20:4(6) 165+40" 89127 77128 62+11 54404 . 9025 19.8+4.08
20:4(3) 50+1.5% 35104° _ .
20:5(3) . 27304 « :
22:4(6) @ 15+03% 16104% 20+1.0% 25109° 25+004* 33+05° 281,15
22:5(6) 36113* 29:10.8% {56+ 1.?" 2010.2° 18108°
22:5(3) ' Foo 31+04* 40+08° 25#M96° 32+1.08
22:6(3) 6020 57347 13403 1194209 7.0+28% 7.1+0.6% 40:21%°
22:5(6)/ - - ST AN ' ‘
22:6(3) 060 - 051-7.'" 431, 700 0.0 0.28 0.45
o PRE RN . ,
Microsomal membrane: '* - 3
- v ‘ DR ’ . . . R
% . 109416 (Y4148 16.1+£1.428 64107 85:04 D418 77107
. 16:0 101418 1204717 103+1.9 244+0.9% 17.6:1.60 20.4+3.9% 204 42,00
180, 23§+2.7" 260D06% 220:+2.9° 405+41 35411.0, 376:+4.8 421156
- 181 o 59£28% GA4%46% 7.1124% 1074248 20614.0% 158£3.7%° 911,70
182 . 03+04* <0603 ~ 05:01  09%00° 10:0.1% 13+0.29 1.4 40.3
20:46) - 17.7228° 138+5.0° J5.0424%. 17+06 38:1.1 54+1.0 24104
204(3), 7 . 7 24%1.70 06 €0.2 e -
20:5(3) *- e g w0 '244018 0.640.10 0.7 +0.030.
22:4(6)  ,, 64+13%4 481240 67413% 03:00 07:03 06101 04%0.1
22:5(6) . 56+1.2% , 2p+1.1.'159+2.8° "15+03 19101 . 13:03 17104
225@3) , 130284 V. 'coCho 00 ' 424085 53:08°. 261049 4.1106b
©22:6(3)  10.7+2.3% 1Q4+7.2%, 23119 48100% 5711.4% 84:0.4% 1241460
22:5(6 . ,J D T Y R S
22:‘6():;) 052, "{ 0Rs; 0 691 0.31 0,33 0.15 0.14
B N . .

L s 2 kT ' . ] N . .

Male.weanling ratg were fed diéts'contaifiing 20% (w/w) fat for 24 or 28 days Comparisons betwaen diet.
treatments are significantly different at p, < 0.05 for values without a cormzn superscripl. Values fepresent
means + S.D, -(n) = humber, of replicates; Phosphatidylethanolamine species were separated by argentation

SBO = soya-bean oil; SFO'= sunfiower oil; FO = fish oi; LO = linseed ofl; CH = +2% (w/w) cholesterol,

L.
Ay
.f"



. "'":’bonds'l S o :v ’

' "‘""":;::;Jv224(6) LATENSY 651120 404075 5.0+ 0

" fatty T S SR, ey
" ac|d2 SR T SR b . %W/w B S

S ' ' » e
Tabl 48 -.‘\'\‘ H o \ P "7‘ "" B
Relatlve abundance of phosphatldylethanolamlne specles

a . -

Weanung SBO sv=o~ : |=o FO/CH LO‘ LO/CH

() 2 (2 (2) @ @ e e

,.s,ynapﬂcuplasma membrana _. L \/ L ,\
. numberof - - ;'. %canmbutlon to fotal membrana»& R
" “double: ' phosphatldylethanolam/ne composmon o " L

8. ... 279+35% '279+64. '258:!:16 31.51:05 357:!:09“ 316!03 37.8£03% %

T4 TN 240+£30% 26844220 26:4 +1,35~82.7 4 0.4%¢ 19,1 £ 3,3¢ 235+12ab°22Qi15a° -

@

17150424 184£28% 198+24% 195113 164413 154405, '16.1420
1 '-6..:{-'-;"-’15_;9:1:3.[2- 116:!:13'» 172422 17.1£18 146&23 ‘16.8+2.1 . :150+02

7~

EREUN

©22:6(3) 3181:23 2903:4,3 “205131 271+ 1,78 30421 2721-,09 320:24

":46:1:04‘"“62107“ 7.0.% 0.5 -
20:4(6) - 34.7+27% 25847 1924220 '256+44 253442 25144497 26540.1

181 4154408 2515131",4 ;350:1:23" 47.512.8% 458+ 6:69 42.1+ 7.45 '50.4410.0° -

W"-u';;s:;225(s) 138£13 29:!:08 56:!:18‘ 0.0 30114 20402 18:t05

e 48 "}-‘-109116 114,

4 :‘,.,31 2144% 24714

[
*

,,Mlcrosamal Membrane e

,_‘“ SE ’ “ - g . R vv,"’ .
fed . : e Co. o
v . . .

 numberof -+ % contnbutlon 10 total membrane- T
-double . . phosphat:dylethanolamme compos:tlon _
bonds?: .. * R
LB 3764‘81” 26; . ‘.sbd 4665580 41315930 461:0:433 31_93:-4_204,_, S

0.1 3.4% 22,641,720 230450006197 +23% 250240
01+2.1° 78:08Y 84102b 1221+ 1.3 221,£32°°
161114{ ,54107_ 85:t04 : 94:|:18 7707

-°-35,a¢29- '317:!:68' 318:!:31“ 186:!:14" 316:!:54““ 231:!:&39bc 232:&43b o
68068 - 7.0+1.8% 88307 "29+0.1 . 32+04 . 24+04. 1502 .
,-".'305127*I 180+4.1% 24.6+2.8° 217:01“ 21,142,805 124;1:25d 130;&24d ol
40.845.1% 334478 419+4.4% 248448 514:!:11" 30.1+3.6 . 26.5+4,7.
-‘a:uz' 26:!:11 159t28b 15:03 191-0.‘1 ﬂaios 14i01

T 0 18841.0% 169

f, ~»1..

Phosphaildylethanolamine spedes wé se' aratod by argentation TL_C Values represent means :t . D :
) umnt;r of repllcates ‘Comparisoris betwedn Iatjreatmants _ ‘e‘signiﬂ:;antly dmepﬁt at p< osfor

" The. majoratty ackls present i speci oom nl ’.6‘2.2637:4 2246 nd 20:48); 1
Ch ot vndge.__‘ es ring 6 22613) 42 ”a, _,()
‘ a-bq




‘kitar et at 1971 Cook 1978). and tor phbspholtpid synthesis (Gaitl
_» ‘The contribution ot these activities at ditterent subcelluter sites in o
brair :and ot extracerebral synthesis to'the tinahrnembrane ph,pdspholtpldz | .

composrtion is not ciear The importance ot essential fatty acids in braln o

B metabolrsm however is welt dot:umehted the presence ot polyunsaturated'“ -
_ fatty acids in neuronal tissue appe‘ar to be tundamentai to normal functionlng of; o
ktembrane events. such as. ion permeabritty and impulse propagation (Stamptli . o
1981) ' has been 5" 'Q-GSted (COOK and Spence 1987) that neuronal tissue.r

. or SpOCIflC cell Imes g _'mtain Ievels of essentnal fatty acids through unlque":_,‘

pathways partrtionmg substrate and product fatty acids to estenticatton ,J.n
phosphoirpid and trrglycende or desaturation/elongation processes Evenr‘m,r; '

severe essentrai fatty acid defcrency, brain tipids maintain tevets ot saturates, " “

monoenes and polyunsaturates changes occur in the ratro ot poiyunsaturates i

| of 18 3(3) in the dtet are Iow, Ievels of membrane phospholtpid 22 6(3)‘-"‘;4
dedﬁease but membrane 22 5(6) and 2b 3(6) mCrease (Matheson 1980) Lowr"-.:f :

_ Ievels of dletary 1v8 2(6) decrease membrane 20 4(6) levels but increase -

| '- membrane 22 6(3) (Karisson&"1~975) Membran}e n-3 in bram tissue and other , ;':.
excitabie tissue such,as reht&?@gﬁearséo@-%red artd is tmq“‘ntamed in "‘l'.-il '_ ,
membrane Irpid az/z 6(3) (Dhgpeshwarkar and Subramaman 197 'a,;st 975b =

Aveldano and Bazan 1974) “In vrtro cell culture studies have demonstrated

the eSsentialrty of n-3 !iattykacrds ~for normal deveiopment and differentiatton ot..'_:

| neuronat cells (Bourre et al 1983)*' Studies in rat erythrocytes have shownv,.'-_"f,




L (Robinson etal, 1986), suggesting a role for these phospholipid species, and'

K perhaps Jnvolvement in eicosanold production

i.“ T

brain llpid composition The results in this c :

4

o -‘reported requirements of braln tor long-cham polyunsaturates, competition of‘_,l

ter are consrstent with the

Few studieahave reported the effects ot nutntionally cpmplete diets on. . .

"o | n-6 and W fatty*at:ids for A6 desaturase (Brenner and Peluﬂo 1966), and”- B

',j' reported reclprocal replacement of n 6 and n-3 fatty acrds in brain phospho-

o Iipids of rats fed samoweMiI and fish oil dlets (Galll, Trzebiak et al,, 1971).

Levels of 22 5(6) and 22‘6(3) in the membrane are also consrstent with the

W, oo 22 5(6) (Matheson ot al 1981) Also °°"s'3t°m w:th prevlous observations ..

observatlon ior brain tissue that 18 3(3) mhlbits the conversron of 18 2(6) to'- ke

the palrlng of 18 0 wrth long-chain poly Mns’ turates (Montfoort et al 1987; “

L

Table 4 6) in phosphatldylethanolamme and the mcorporation of 20 4(6) into. e

N pblyunsaturated phosphatidylethanolamrne specres (Robrnson ot al., 1986;

Table46) I NPT D

S The present results indicate the abillty to alter bram membrane

development particularly neuronal cell multiplrcatlon and maturation (formation

ation both m

degenerative myelin diseases (eg multiple sclerosrs) 3) aging, .wrth

| and mamtenance of slow turnover parucularly in relation tof :

phospholipid by diet and have srgmfrcant implications for 1) oearw brain‘::‘_‘_v !‘j‘

of axons, syn éﬂc junctlons and neurotransmitter receptor srtes ) 2) myelin- L

associated degeneration of nv function and 4) degeneraﬂve dlseases._'”-_"_f"""'

| such as Alzheimer’s SR S _J
T | The large degree of brain development O : ',:f‘"'ost-natally makes thrs

w0




| 'partrcular dretary factor and subsequent response to natural lnsult Y (e g aglng
“or drsease ‘grocess) or those rnduced in |ater ltfe ljnderstandlng the role ol
,.pofyunsaturated fatty acrds m brain phosphollplds may enable ttlp use of dlet
as a therapeutic tocl for membrane engrneenng when natural mechanfsms ot
"membrane homeostatrc control fall orasa preventatrve measure in early llfe for _‘

degeneratrve effects of later lrfe There also exists the excitirfg prospect of

.-rnducrng prolrferatfve or regeneratlve functlons cutSrde cntloal’ erlodJ of

growth g, T ey e

NN . . N\ E T
s . X . DI » » X

o : : o L . S : Y
A ‘ . : RN . S O
3 : . . . K N . . S

oo : Lo L e

2. Drets r ! ‘,“‘-a“'nd' withv a hlgh ’n-6'_/n-3 ﬁratio;v'res,illt-ln "
5 »ymen‘lbrane phosphollprds with'a hlgh n-6/n-3 ratio. s
8. Level ot dretary n-3 tatty acrds partlcularly affects n~3 content of

egbrane phosphatldylethanolamine ol

ATE

’ '4'.\D|et-mdUCed changes in: bram membrane composrtidn are speclﬂc to

| f.mdw;;dual fatty acrds partrcularly Ievels of 20 4(6) 22 4(6) 22 5(6)
~and 22 6(3) _ L o L

| . 5_.1lndrvrdual molecular specres ot phosphatrdylethanolamlne are altered

O in respense to dret fat m both content and tatty-acid ccmposltlon

- ’v"
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| Cha pter Vi -
PEMT Pathway for Phosphatidylchollr\g Biosynthesis

Purpose EEIE R ‘

Diets deslgned to -alter the polyunsaturated nature of membrane o
5 phospholipids were utilized to assess the effects of- cha(igmg phosphatidyl-
ethanolamine fatty acrd composmon on PEMT actwrty

! T : \ +
— -
R T N, : R

: lntroductton PEREEE

-\ . ' .;;:;".»,’ . |

t N _
The phosphatldyIethanoIaminemethyltransferase (PEMT) pathway is
beliéved to be: a quantitatively mmof pathway for phos hatidylchonne ,

o synthesis in most tissues Phosphatldylcholine synthesized v his pathway. :

b

= 'howe'_.v'er, has a crd profile disthct from the“eulk membrane phosphatidyl-
;- 'cn,'o'line pool p- e via the’CDP-ch?‘gne fpathway (Trewhella and Collins,

";‘51973 Stnttmatter et al,; 1979). Ewdence ‘ “_'f. 'ests the pool of phgsphatidyi- B

. "choline produced by, the PEMT pathway has‘; rapid metabohc r oPt\u\rnover
(Mogelson and Sobel 1981) and may lg@ specufncally inve Jved ip regulatory
processes occurnng in the: membrane such as adenylate cyciase actiwty@t
(Hirata and Axelrod 1980-)» and’ neurotransmitter synthes:s and: r‘elease
s (Blustajn and .Wurtrpan 1984‘Mozz| ot ai 1982) The potential |mporfence for ‘ ‘
the role of phosphatid\fchohne produced vna the PEMT pathwaY to membrane -
structure and, funcﬁon and to de novo chohne synthesrs in synaptic plasma

| Jmembrane of braln warrant investigatioq_ of the effects of diet-fa_tvgo\leosgton%
'on methyitransferase actrvrty of the PEMT pathway Itis lukely that dlet~mduced
changss in phosphatidylethanolarhine specue$wull elicit a substrate Specmc
C change in methyttransferase activrty, wrth mcreases m preferred phosphatidyl-f

ethanolamine species stimulatmg PEMT acttvity

T _ AN T 4’_-': L o

ot T RN
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A T




* versus synaptlc plasma membrane subcellular fractions is showh in w'l'able"51

o Results AR e

Methyltransferase activity of the PEMT pathway in weanllng rat bréfn ST
versus adult rat br’am brain versus llver microsomes. and: brelh mlerosem'alj_j lF
Actrvuty of the PEMT pathway@i‘n brain has prevlously been shown to be hlgher"i' '
in weanlmg ammal‘s th’an in the adul, corresponding to perlode of rapid braln»
development (Blustajn et al., 1985) Activify of phosphatidylethanolemlne-'.
methyltransferase(s) in rat liver is higher thar? in brain but actlvity in weanllng .
rat brain approaches levels observed in Iiver Twenty to forty percent "!12- i
phosphatldylchohne |s produced via theﬁﬁEMTi pathway S
Akesson 1975) which also serv?lo«%,ﬁ: '

PEMT actlvlty in membrane lractlons lrom bral;hand llver L
. Sl B Cege S
T Synaptlo plasmg Mlerosemal’

t-membrane

33¢ »08(12) =
3B m4(24=

'.9791300 12),

:43A:l: 8 0 é24), _

Values repreeent meaps:tS D {ri)-n‘, N
sunllower of dM& eentaimng 20% (w/w




A

K taliow diet versue' a. "poiyunsaturated satflower Oll * Experiment 3 compares

‘f'fia*“ﬁ“ﬁeh f_‘

E ‘.J'linoleic; and iinolentc acnds The diet containmg SU""°W°’ oitois high & ""QIG'CV |

"leuel of diétary linoleic acid in sunflower oil was retlected in higher teVels of -‘
|
. x.iong-chain n- -6 homologues in membrane llpld 20: 4(6) 22 4(6) (p < 0*05) fiid"\j

‘ 22:5(6) (~p < 0.001)'in phosphatidylethanolamine -and’ 22 5(6) {p < 0.01)" in ..

Cof 18 1(9) ( <~ o m) and ao 1(9) (Table 5 2) Htgh levels ot n-3 tatty abids _tnﬁ S

plet etteots on phoapholipld fatty acid cotﬁposition - N
‘ Three experiments ware conduoted to examlrte the\etf_d\’s of varylng the N

Fetary.l~t&tt9:aoid“s ( % w/w) oa tth’
)posit !__g;ot bratn mietosomal and eynaptic‘iplasma membranes and the;
:ff\effect Qn pﬁosphatldyletharioiamine,;‘

Experiment 1 eompares the effeets of ieeding a soya-bean oil wrsus a‘:{_.,

dedree of unsaturatto'h and baianpe

rtrethyltransferase activuty.l L

sunflgwer oil diet both relatively polyunsaturated but wtth quite. different' '

-6/n-3 ratios. ,Ex rimtant 2 compares thg etfect§m‘ feedtng a saturated beef-'

the effects of feeding two diets rich in' n‘s fatty acidsl\iinseed onl nch‘ ‘
~7ribh In 26 5(3) } S o

?

S acud and low in Iineienic acid resuitlng |n a 40 fold highe‘i retto\tor n- 6/n-3 fatty
g ‘-ae)ds iﬁdie

“,J:gfed(TabI933) . 7 FURNENE SR "

Diet mduced difterences |n membrane Synaptrc plasma mer‘ﬁbrane -

phospholiptd fatty~ac:d composution were observed in total n- 6 fatty acnds for

phosphattdylethanolamme ard’ phosphatidyichoime (Table 52) tThe higher‘:',.;rg

phOSphatidyichoiine {Table 5.2). ' No. significant, dtfferehce in‘ syna‘)gesomal:‘*
membrane content ot 18 2(6) was observ‘gd between ammals fe"v these two dietffj
treatrftents Lower levels ot n~6 fatty acids in phosphatidytethanoiamme ior rats,.{“_f'; -
fed the diet contaiping soya-bean oil yere cemplemented wuth inereaSed levels":;,, »
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Tabie. ST e

o Fatty acld. Qon'fposltgﬂ
| phosphatldylethanol mlne and p osphatldyl‘chollne

of braln 8 naptosomal membrqn

FuW*',,
‘gr‘qcld TR

M.n31 v 1&0r1s
182@) ,;gg 1.1£0,1
aoum i iv15¢02

@gvliw %“3,131{@,‘”%128t04

"%_~16) 45+ 04b  41+02 -
D2:5(6) "22+03¢ . 0.6+0.1
1 22:6(3) . ,..124¢11b 1&1tt3‘
2¢um . o1¢o1i 01+0.1

, Phosphatldylchollne
: [
181 296107‘ . 3PL13 -
ﬂ82@) ‘ 4
.~ 20:1(9) -

. 20:4(6) -
»° 22:4(6)

- 22:5(8) ‘a4ia1aif 0.1£00
2263y - 19%+04 - 20%03
L 26100) . - 01%01  01%00

”éQQiﬂﬁ‘

- 1.31+03
1.0£0.1 b

11 B+ 11 A
16:|:09°' :

Q,.8¢05
' 5.0+2.0:-

4
4

B

© 31109
. 20£02¢ .
0.6+ 0.1

3.5+1.7¢

© 200%25
12407
12£03

C0.1£01,

i
A

S Ap5E1G ¢

0.1£0.2

32.3+1.7

1.1£0.1°
"0.6+0.9

3.1+0.3

v 10to 12 replicatesy. -

' SFO - sun?lower 8il; sBO soya-bean oil SAF = safﬂowor oll, TAL = tallow

o vﬁﬂnllng rats were fed. dlets eontaining 20% (wM) dletary fat for 24 dhys Values-are mea

n?so 1or .

7 apcool; bp < q 0s: ¢ p <0. oo1 Gomparlsons indlca:e a slgniﬂcant aﬂoct of dlet treatment withln a
e phosphoﬂpH B

’ Other 1atty aclds amlyz Include 16 1(9). 18.3(3). 20: o 20: 3(6_). 22 1(9). tnd 22: 6(3). praoent ln minor

P amaunts;.16:0 present in Bhosphatidylethariolamine (12.22 + 0.61%) and phosphatidylcholine (42.45

£ 0.94%); ‘gnd 1;8 0 prasem in phosphatidylethanolamlne (36.5 + 2.50%) and phosphatldylcholino (17 48 ;t

, f033%) . , SR : “
v‘ . -1)‘ . . 'm )
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the dlet contalning soya-bean oll favors n- 3 fatty clde as substrate for_
B elongation-desaturatlon and this: ls refleicted lnc

| | phosphatldylethanolamine content of 22 6(3) p < o 05) and decreased n-6/n-3
' ra% for fatty acids ln phosphatidylethanolamlne (FIQUI’G 5 2; p < 0. 05) The

hlgh levels O;t both n-6 and n-3 fatty acrds in the diet containing soya-bean oil -

t favors high lavels of both n- 6 and n-3 fatty acids in membrane phospholi ids
(Table 5.2).

q . '

L 4

Iow n-6/n-3 ratlo (Table 5,3) v“ 3 ; .

l-'eedmg thb diet d&}l‘atmng safflower orl increased n 6 fatty acrds in .

_ phosphatidylcholl q&tt Agt-in phosphatldylethanolamtne when compéred to
fed the ﬂt&FWmﬁg tallowq(Table 5. 2). No 'stgnrftcant dtfferences
g w&(abserved. for levels of long-cham homologues of

between did’t tr A

:«(\P&\ !

—-é—-a-‘_a

- n-6 fatty acids M synaptoioin,akmgmbraﬁe phospl‘lattdylcholme Membrane» B

phosphatidyleﬂtaoolamtne oontent 2 t4(6) and 22: :4(6)- was lower for: rats fed
_ 9

| 'dlets containing sgffl,ower pil thart tor those fed tallow (< o 01 and P, < o 001,

: _respectiVely) Feedrng tallow increased membr,ane phosphattdylethanolamrne

. 6(3) content (p < -0. Oq.t) reflecting the effect ot low n-6/n-3 ratio for fatty'-

* aclds in the tallow diet Thls low ratro of 'n-6/n-3 would favor elongatron- -
- 'd/saturation ot n-3 fatty acrds to“produce mcreased 22 6(3) levels Hrgh ieve‘ls'
Qf n-6 fatty aolds in smaptlc plasma membrane of rats fed tallow may resqtt trom~

a previously undeﬂned tendenoy to malntam the membrane n- 6/n-3 ratio A

L4

ncreased membranej' ‘

. "‘,
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high level of 24:1(9) was also observed ln hosnhgidylethanoiamine lor rats
fed diets conlalnlng safflower oil (p < 0 01) '

L4

Experlment ‘3:" The effect of n-3 fatty acids on. synaptic plasma
-'membrane composition wxas examined usmg diets with a low n-6/n-3 ratio but
high level of wqr 18:3(3) (Iinseedtqlfdfet) or 20:5(3) plis 22:6(3) (fish ol diet)
" (Table 3‘3) Fed as 20% (w/w) fat, théee diets are not consistent v;gh &
physnoioglcal North American dlet but were used as.a tool to examine' the role

*“‘i»"j‘ ’of dietary n-3. fatty acids ln control of brain mémbrane compositlon and

S in both phosphatidylethanoiamrn_ fand phosphatldylchollne (Table 53)

Decreased levels of 18: 2(6) and 20:4(6) were - also observed in both

phosphatldylcholme and phosphatrd)dethanolamme of fish oil fed anlmals

. . 4 i - . ! - .
“Table 5.3 P ‘ L S
Effect of feeding diets containing fish oll and lingseed oll on _
synaptlc plasma membrane phosphollpld fatty acld composltlon

— N

Fatty LO FO Weanllng LO FO Weanlln-g
-acld- (3) . (3). yiz) | (3) (3) (121

\

. _ ) )
160 49.7£47 512409 -'51.81:2.2 15912  16.1£0.8 143£27
18:0 113406  11.1£06 - 87+044 335:1.0  '325:+03 .28.0+21 8
o8 1238£07% 264%0.6%g 25.151.0° 124210 202£12, . 19.6+2.7
182(6) ©  1.0+0.1 ® ouoob 08+00¢ : 08:02 - 06%01 . 1.0+02%
. 7 20:3(6) - 04:10.1 0.3£0.1, 06+00%* ® - . {1508
. 20:4(6) = 35+0.4 3102 ¢ 56106' 106409  85:02% 13.0+34 "
, 205(3). , o i - Se7x01e. o
22:46) . 06102 .  0.6+0.2 0,.51:-0.1 S '29+010% 153020 ..z.gto.'z e -
225(6) .. - of1x00 ¥ o03:018 " 0.8£01

. 225@) 03011 04£01°  01:00°° 06201% 00£04°  02:00°
'226(3)' 27£03 .  30%02 28:03 153107-, 146th 4220

‘Maie weanllng rats were fod diets containing 20% (wM) dietary fatfor 28 days Values are means t8. D (n)
= number of replicates. Comparisons between diet treatments within a’ phospholipid are slgnmcantly Lo
Kl different at p < 0.05 for values. without a common superscript. e

L= linseed oil FO = ﬂsh oll

-
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suggesting that a diet- Induced decrease in membrane 18:2(B), ls depressing

slongation-desaturation of 18:2(6) to 20:4(). Fish il fogt gnlgnals exhibited

increased ‘phosphatidylcholine content of 22 5(3) am 22 6(3) and
phosphatidylethanolamine content Jof: 20 5(3) and 22 5(3) (Table 5.3). This is

consistent with previously reported increased levels of n-3 fatty acids when"
n-6 fatty acid content is Iow In comphrison to Experlments 1 and 2 (Table 5.2),

the diets fed In Experiment 3 (Tabie 5.3) increased membrane phosphoiipid
ievels oi 16:0 and 22 6(3), and decrease’d Ievels of 18:0 and n- -6 fatty acids
(18 2(6). 20: 4(6), 22: 4(6) and 22 5 (6)) High Ievels oi n3 fatty acids fed in the

diet compete with and are preierentiaily used as substrate by, de'saturase , |

enzymes (Brenner and Peiuﬁo. 1966) This results in increased Ievels o&n -3

. and deer &ased levels of n-6 iatty acids in membrane, ap observed. " The

concomitant increase in 16 0 with 22:6(3) and decrease in 18:0 with n- fatty
acids suggests a preferentiai pairir;g of these fatty acids, as 1

previeusly reported (Hoiub and Kuksis, 1931) Fatty acn@naiysrs of synaptlc

| plasma membrane phosphoiipids irom weanlmg hnimals shows similar trends to
linseed oil and fish ori fed animals (Table 5.3), but 20 4(6) Ieveis are

phosphatidyichoiine p <. 005) and phosphatidyiethanoiamine has ,lower _ _.
* levels of 22 :5(3) and 22 6(3). The addltion of 2% choi’esterol (wiw) to imseed

signrfioantly higher for both phosphatidylethanolamme (p )< 005) and )

., oil or fish oil diets produce a iatty-acid profiie in membrane phosphoiipids

LA

~(Table 5. 4) very simitar to unsupplemented dlets (Table 5.3).

" . D

&

.8
v
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Table 5.4 ' | E N

Synaptic plasma membrane phospholipid tat acld composltlon.
. S}fetct of feedlng cholesierol-supplemented f. h oll and llnsood ofl
. dlets

$

Fatty LO/CH FO/ICH | LO/CH FO/CH
acld . . %, ww . ' -
16:0 51.0+3.0 50.7 + 3.3 “13.2%1.0 = 13.7+08
18:0 S 11.1t048 10.5+0.2 352%1.5P < * 300:07 = -
18:1 2374045  260+11 - 1650+11b  201:13°
18:2(6) .  1.0%0.1b 0.4 0.1 1.0£0.3¢. ., 06402
20:3(6) 0.4+0.1b 02+00 - 0.60.1
"20:4(6) 3.5+£0.2b 27+02 © 1121060 8.4+0.5
20:5(3) . - "~ 031005  03%01b 0701 . P
22:4(6) 0.6+0.2 04101 . - 26+04b " 1.510.1 '
22:5(6) ' | . 0.6+02 . o
22:5(3) - 0.3+0.1 - 0300 09100 | 09£00 |
. 22:6(8) . 2.5+0.2 24102 15++20 | 163+t08 = -
Male weanling rats were fed diets containing 20% (w/w) dietary fat"a"nd 2% (wiw) cholIfslorol for-28 days. '
«Values dre means + S.D., for 3 replicates. :
- 8peoot; b Pp<005; € p< 0.001. Comparisons Indicate a slgnilicant effedi of diet treatmant within a
phospholipid .

4

LO = linseed oil; FO = llsh oil;’ CH = +2% (w/w) cholesterol

i\’

Dlet eitects on methyltransferase activity: | . .-

An eﬁect of diet on l‘nethyltranslerase actiwty in synaptlc=plasma -
;meqbrane was. ol‘served (Flgure 5.1 and Table 55) Weanling anlmals

‘express the highest le\El of PEMT activity, with linseed oll and ilsl‘lfoﬂ fed;‘ .
s o Lo
: animals expressing levels approachiqg those of weanlmg anlmals Animals iecl '

soya-bean oil diels have the lowes\t levels, of PEMT activnty measured and_ .
. sunflow?r oil, safflower Oll qnd tallow diets .show mtermecliate ac?Vlty, relating " .
to the ratlo and Ievels of Iong-chaln polyunsaturates i ihe membrane (Table. *
5 2, Flgure 5.2). Addition of choleslerol to the 'lmwseed Oil dlet enhances PEMT

¥ . ) .

jctlvuty in the plasma membrane. but no Change in aetivnty is seen with the
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Flgure 5.1. Effect of dlet on PEMT actlvlty In synaptlc plasma
- membrane
PEMT activity. nprosoms total product mothylatod (phosphaﬂdyl monomethyl, dlmethyl
" ‘and trimethyt: ine). Values are means + S.E. (n) = number of replicates.
B Treatments minon superscripts are significantly different atp <0.05 when
" compared by ultiple range test.” - .
v . @ SBO -soyn-boanéll' SFO = sunflower oil; SAF = saﬂlower oll; TAL = beef tallow; LO =
'+ "linseed oll; FO = ﬂd!oil CH = +2% (w/w) cholesterol ‘
P} ) %
B L4 oo N |
S e -
Table 55 ' L 4

- Effect of diet on PEMT actlvlty In synaptic plasma membrane

___..__E.xnr.lmgnu____'__
BAF TAL, LO - LO/CH = FO , FO/CH
(1)~ (12) @ ,(3)‘ (3) 3

m @ ® @
L . ' Ios/hvgplotoin/.?o minutos

PM * 3.8x0.5 '2.610.3% 1.0:0.1, 4110 7" 1.820.3 ~2/\ 1% 3.840. 4b 2.430.2%. 19¢o(
PD- AD4136° 2.310.5% 0.5:0.1 3.3i0.3% 2 910,1 18342.00 29, 381 8P 24.641.8% 23,7428°

L ‘ - s
PG~ '23:!:93 ‘04:& 1‘ 02:1:005 05:t0.05 05;{;0 091:005‘ 15:!'.005.’ 12&02" 11:1:0(
Oy e -

‘;eToml 434:40';_56163- 17&03 suos- 5.2+6’ 219:20‘343&.1'25&20 267432

T
ot { duerimdnt areslgnf‘ucanﬁy -
fon- TAL -ubeenaﬁow Lo.nnseod oll{FO = fish .

, : nomet lethaﬁolarhine,PD- atidyldimethyl -
'wm.rual-mwmphé phosph R hy-

S e : \
. . N

5B
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Flgure 5.2. Synaptic plasma membrane phosphatldylethanolamlne
composition and PEMT activity

Data is presented as a percentage increase or dacrease in ‘PEMT octll/ltrlor a diet with
a high n-6/n-3 ratio of fatty acids (Experiment 1: sunflower oil; -Experiment 2: safflower
oll) compared, using a paired t-test, to a control dlet with a low n-6/n-3 ratio of fatty

% Change . -

¥

aclds (Experiment 1: soya-bgan oil [a ='p < 0, P <002 d=p <0.001]; - ;

Experiment 2: beef tallow [g = p < 0.05; b-p<oo1 d- <000‘l]) ne1Z(n=3for
SBO and 8 for SFO for PEMT in-Experirgent 1) Z(n-e) = sum of n-6 fatty acids in
/ phosphatidylethanolamine; PEMT activity represents total product mothqutod

(phosphaudyl monomethyl dlmethyl and trlmethyl othanolamlne)

~-

l
1

',addition of cholesterol to the fish oil dfet (Figure 5 1) Feedi ga sun' ower oll

versus soyasbean orl diet (Figure 52 Expenment 1) esults in

membrane phosphatrdylethanolaymne .n- 6 and n-6/n-3 ratio. Feedlng a

safflower oil versus)\tallow diet (Frgure 5 2 Expenment 2) produces a high .

'membrane phosp@rdylethanolamme n-6/n-3 ratio but a low n-6 content in

. these companspns. sunflower oil and safﬂoWe"r ‘oll dlets produce elevated‘

‘levels of PEMT actlvrty (Figure' 5. 2) suggestmg that phosphatldylethanolamlne B
‘ n 6/n-3 ratio is @ dominant factor in th‘e control of PEMT a.ctlvrty Stlmulallon of
onse tg ele,&ated membrgne pbbsphafld.xlethanol-- o
e : n 3 ratld‘ also“sr%gests sub.strate specrtrcrty for the pathway This o
supported by cOmposltional data of PEMT Jntermedlatee-('l"able S

: _56 and Flgure 5.3). Accumulatron of n-6 fatty aclds in rnonomethyl and

i .
i

levated
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Fatty ‘acid composltlon of PEMT Intermedla&T

Values represent means £ S.D., n = 10-12.

- ® p<0.001; bp < 0 01; © p <O0. 02 Slgnmcant comparisons between lets tor a tatty
- -acid,

B ;PE-phospﬁatidylethanolamme, PM = phosphatidylmonomethylethanolamlne, -

' PD-phosphattdyldimethylethanolamme, Pc phosphatidylcholine :

\

[N
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Table 56/ | o " S
7‘“Fatty ‘acld” composltlon of PEMT Ihtermedlates in synaptlc plasma
| membrane - g R ,.
o T SSATS z‘Mo_Nos (r\/6) 7(n-3) n»-e/n;.-3 |
o B ’ .“r» - ) B / N . ) - . ‘
© PE: R S e
v ~.SBO 4903:1 7 - “11.0+1.1* * 19.340.6°7" 20.6£0.8* 0.9+0.03 -
| . 'SFO ,,506129 142108 206408 13.9%+12 1.5+0.08
\‘~ o - ’ ’ - . /‘ o ") \ ) .
“"PM: e . ‘ — : : -;_-' L e
SBO ' - 560+24 168119 eaio,e- 20.8+28 03+0.04
SFO ~ 585+16 11.0% 6 99:l:1 0" 20,1-\14.8 osio.ol\‘h'
3 SBO 49.1.+£6.7 309184' 7.2i_2.5' .,134:&47- osio 1
 SFO.  306+32 - 219%46, .27.3t32 21.0+38 \.1 3+0.2
_‘ LR § )
) epc:l X } R ' / ~‘ ./r » . ‘

 'SBO  683£30 223%19 . 67+08 . 2503 27£0.2

_ SFO . 669%09 236108 7711 ' 22+02 36%02 -
‘ : . ~ e \ .
PEMT it ermediates are methylated producfs of phosphatldxlethanolamlne.» Weanling animals were fed\
drets ntaining 20% (w/Ww) fat for 24. days, N v p . S
1pc o 001 for effect of diet treatment. / —_— .
PE = phosphatidyléthanclamine; PM = phosphatldylmonomethylethanolamine . {
PD - phosphatidyldimethylethanol mrne PC = phosphatidylcholine; SBO = soya-bean oil; -
SEO = sunflower oil; ZSATS = sum of/saturated fatty acids; ZMONOS = sum of monounsaturated faitty
aclds ‘In-6=sum of n-6 fatty acrds, /Zn -3 = sum of n—3 fatty aclds <

\J

. o /,M
. .. B :
v 7

dlmethyl lntermedlates ‘and of n- 3 lafty acrds in drmethyl mtermedrates of
sunflower -0il versus soya -bean oil fed anlmals is evrdent (Flgure 5. 3 p <0.001; —
. Tabie 5.6, p < 0001) The n- -6/n-3 ratro is also cOnsrderany hrgher for
'_'['-'sunflower oil fe}f anmf!lls in- all fractlons Monomethyl (Frgure 53b) and
dlmethyl (Frgdre 53&r”fntermed|ates of sunflower oil fed anrmals are.
speclflcally ennched in'20: 4(6) 22*4 (6) 2(351’(6) and 22 6(3) fatty acrds
| o PEM actwrty m mrcrosomal membrane is |llustrated (Table 5. 7 and)
\ Flgure 54) The contrlbutlon of- pl;osphatldylethanolamme productron via thrs
‘ pathw/ay in mlcrosomes of. weanlmg anrmals |s very muoh less than was’
| observed for synaptrc plfsma membrane (Table 5 5 and Flgure 5. 1) Llnseed

“ . B L . . ‘ - N o .
///
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- Table 57 - T
s Effeet of dlet on mlcrosomal PEMT actlvlty ;
Fatty W_eanlln'g SFO 4 FO\_‘ ' FOI H LO. -, LO/CH
acld  (12) . . (4  (3), 3 - (3 3).
o - pmoles product/mg protein/30 minutes
“PM 0361016 0.96:050° 0520148 'o_;.aaxo.osﬂﬁ\ 0.73£021% 0,71 £0.44%
PD ,  098+030 1094048 - 284+056% * 48141310 §.18£0:91¢ ' 5:92:0.86°
. PC w'oagtoos ~0.39+0.06 o.ssio.c\iu "0.850.12° 10 9i011¢°*oez:to.24- )
Total 153«:027a 244i088 359072 5:89+158° - 7aa¢oesb° 7251'1,160'

PEMT actlvny was measured as incorporation of. [PH]- -CH, from S-adenosyknethlor\lde into

phosphatldylethanolamlne alues are'means + S.D. (n) = number of replicates. Comparisons between dlet

treatments ‘are significantly ditferent at p < 0.05 for values without a common superscript.
PM = phosphatidylmonomethylethanolamine; PD = phosphatidyldimethylethanolamlna :
PC= phosphamdylcholine Total = PM+PD+PC =~

SFQ 4 sunfiower oil; LO = linseed oil; FO flsh oil; CH = +2% (wiw) cholesterol

- - . .,5’ v’
S S b
€ ‘ ) 2 s —_—
€ .
o 6 .
£
[4
s
a
v g 4r ’ . . L 9 s
g1
T % 2k a B \
0 i ‘ : ) , ) : \\
WEANUNG SFO . Lo ' . FO : LO/CH = - FO/CH
a2 @ . @ @ @ )

Figure 5. 4 Effect of-diet on. PEMT actlvlty in brain. mlcrosomal

' mémbrane’

PEMT acfivity represents total product methylated (phosphatldyl monomethyl,

dimethyl, and trimethy| ethanolamine). Values are'means 1 S.E. (n) = number of
replicates. Treatmems wnhout ‘common suporscrlpts are significantly different at

\\_\ Y T P« 0.05. ;
S SFO = sunflower oil;. LO - Ilnsaed oil; FO ﬁsh oil CH= +2% (wNv) cholesterol
\ " '
e __. \\\ [} .
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% oil and llnseed oll plus chole‘sterol fed rats’ show hlghest PEMT activity for the
mlcrosomal fractlon Addltlon of cholesterol to the fish oil’dtet sttmulates PEMT ‘

actlvlty to levels approaching those observed for rats fed the hnseed oil diet.

| Sunflower oil fed anlmals exhibit levels of “activity’ sllghtly greater t{tan those

' I

' expressed by weanling anlmals PEMT actrvnty in mlcrosomal membranes ls_'

signlflcantly correlated to phosphatldylethanolamme rr¢6/n -3 ratio (Flgure 5. 5a L

' p < 0. 05) and 22 :5(6) content of phosphatldylethanolamme (thure 55c‘
p< 0.01) and negatlvely correlated w:th phosphatldylethanolamlne content of
n-3 (Flgure 5.5b, p < 0: 05) and 22: 6(n- 3) (Figure 5.5d, p_ <0. 05) A hlgh ratio of

n-6/n-3 fatty acids in membrane phosphollptd thus appears to be an lmportant ‘

mdtcator for polyunsaturated phosphatldylethanolamme specnes Used as

" substrate for the PEMT pathway (Flgures 52 and 5.5). Feedlng llnseed oil or . ,

o

linseed oll plus ‘cholesterol diets produces increased membrane phosphatldyl-

ethanolamine levels of 18:2(6), 20:3(6), 20:4(6), 22:4(6) and 22:5(6) compared -

to fish oildiets (Tables 5.3 and 5"'4') lncreased phos'pha‘tidylethanolamine'
n- 6/n 3 ratios are associated with mcreased PEMT actnvnty for mlcrosomal
membrane and synaptlc plasma membrane from anlmals fed Imseed oil versus

fish oul diets: supplemented with cholesterol (Flgure 5. 6) Synaptlc plasma

membrane from anlmals—fed Imseed oil versus flSh oil dlefs although exhlbltlng '

a hlgher n -6/n-3 ratlo of fatty acids in phosphatldylethanolamme did .not
| express hlgher levelgc@f PEMT activity (Figure 5)). Levels of 20:4(6) in

phosphatidylethan’ - i'lmseed oil and fish oil fed afimals (T ables 5.3 and

\\‘A

5.4) are much Iower than fo\r Squ -bean onl sunflower oil, safflower 9!! or tallow

fed anlmals (Table 5 2), and levels of 22 6(3) are hlgher (Tables 5.2, 5 3, and”

5. 4) The- .species of phosphatldylethanolamlne present in the membrane

o (Tables 4.7 -and 48) may contribute- to ‘the depressnon of PEMT. actnvuty‘

.observed when xha ltnseed oil. diet was fed (F gure 5. 6) Addmon of cholesterol'-
' \\:\‘ . .
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9‘ 22:6(3) In phoaphatldyle}haholemlno

Fig ure. 5.5. Mlcrosomal membrane phosphatldylethanolamlne fatty
acid  composition and PEMT activity
‘ Weanling animals were féd diets containing mixtures of soya-bean oil and sunflower oil
(20%, wiw fat) for 24 days. -Each point represents the mean + S.D.,n = 4. i’
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to- the diet. ,presuma ‘alters'mernbrane cholestero\i content and therefo‘re‘

membrane physical properties, which may also account for differences in

Flgure 5 6. Phosphatldylethgnolamlne composltlon and- PEMT.
activity: response to. linseed oil and fish oll diets
Data is presented s a percentage increase or decrease in PEMT activity for a diet with
a high n-6/n-3 ratio of fatty acids HirGeed oil) compared to a controt diet with a low

n-6/n-3 ratio of fatty acids (fish oil). PEMT activity represents total product methylated
(phosphatidyl monomaethyl, ‘dimethyl and trimethy! ethanolamine) a = p < 0.001;

bmp<00Zn=d .

o . . : »

, PEMT activity observed in comparisons between linseed oll and ﬂsh oil dlets ;

" with ‘or without chole /Mol (Figure 56) e o
B o ”;,\ . : ‘ v LY ’ '
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| R Dlscusslon L
: ; _ o Blosynthesls of phosphatldylchollne from synaptosomal and mlcrosomal
| membrane phosphatldylethanolamine appeers to respond to diet (Flgures 5. 1
_ »and ?4 Tables 5. 5 and 5 7), perhaps reflecting dletelnduced changes ln
AN phoSphatldylethanolamlne composltfon (Tables 5.2, 5 3, 5.4, 5.5; Flgures 5.2,
5.3, 5.5): Unsaturated species of phosphatldylethanolamlne formed when
. feedlng diets rich In polyunsaturated fatty acids provlde more favorable’
. :substrates fo; the. PEMT reack The nature of phosphatldylethanolamlne
. unsaturation therefore appear to be lmportanf for methyl acceptor actlvlty when
| . measured BsS phosphatldylethanqlamme species methylated by PEMT in vitro.
| Cltis concelvable that change in diet fat composition could lndependently
affect mOthyltransferase | and methyltransferase il actlvity through-change in
fatty acid. composutlon of substrate provided for methylation It is also
conceivable that lncre,a;d activity .of methyltransferase | drives methylt’rans-,
‘ferase i th'ro'ugh lrlcrease in the preferred precursor 'pool size. Itis noteworthy
in this regard that the effect of diet was greatest for phospbatldyldimethyl-
ethanolamlne production “in . vitro (Tables 5.5 and 5.7), suggestlng that
: 'mcreased membrane content of PEMT lnterr'ned" ates may occur, wlthout
significant accumulation of membrane phosphat ylcholine. -The final step of
‘ methylatlon to phosphatudylcholme may be stlmul‘akg only on in situ demand.

\ or this pool of phosphatldylcholme may be- rapidly brokan down of transformed.

.

>

‘ In this regard, turnover of\phosphatldylchohne synthes_lzed_ via the PEMT |

‘ f" pathway has- been esti.mam .approximately 50 times . that' of

phosphatldylcholme synthesrzed via: the CDP-choline pathway in other
"m'&rﬁbranes (Strittmatter ét al., 1979). ,

. “ PEMT activity is belfeved to have profound effects on llpld dependent

t/‘ functions. The. potentral to regulate phospholipid domains of functfonal

§
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membrane protelns (Strlttmatter et El 1979). or to stimulate a secondary
" acgvlty through éellular responsiveness to- hormones (leata et al, 1979)
suggests a regulatory role for*the PEMT: pathway in-the control of small\
- localized membrane pools of membrane phosphollpids {Crews et al., 1980).
is conceivable that selected phosphatidylchollne specle synthestzed locally

taken in this

perspecttve Ieads us to hypotheslze that phosphatldylch” '}haslzed via E%
different pathways may form distinct pools with specific roles. Th|s suggests - ‘
| that dlet modulatlon ol/phosphattdylcholme btosyntheS|s will prove to be” of

|mportance for regulatlonin normal metabolic processes and in dlsease states.

s v )

Summary o )

1. The fatty acud composmon of diet fat alters membrane phosphatldyl- ﬁ
ethanolamtne tatty acrd composmon and phosphattdylethanolamme. '
specres thereby affecting avatlablltty of ° preferred’ substrate for
methyltrahsferases of thePEMT pathway. T L.

2. PEMT actrvrty is maxumlzed in synaptic plasma membrane and

mtcrosomal fractions when animals ar.% fed diets with a high n-6/n-3

"balance of ‘faity acids, wme\h/‘inc‘re‘ases membrane phosphatidyl-

etha‘nola’mine‘*cpntent of\lﬂoﬁ-chain 'n;6_, homologues; specifically. ;

22:5(6). ( ) o :

3. High'l Ievels of PEMT actrvrty observed in synapttc plasma membranes

" of weanling” animals corresponds with_the presence of Iong -chain

'y - polyunsaturates present in membrane phosphatldylethanolamtne.A
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. CDP-Chollnd Pathway for _ .
Phosphatldylchoune Blosynthesls' |

e Purpose
Experlments ‘were 'desigeed to evaluate the effect of changl‘ng"dlet’fat
compbsition on synthesis of membrane phosphatidylcholine in brain vla the
CDP choline pathway '

/ . | IR | : . e‘ - “ |

) -,;_f, . lntroductlon |
The CDP: choline pathway JIs the major route of phosphatldylchonne
blosynthesus. in mammallan tissue and phosphatndylcholine is the major
3 phosphohpld Jn most biologlcal membranes The importance of this pathway to
membrane structire, and therefore fu_nctnen, is evident. The influence of diet fat

composition on phosphatidylcholine biosynthesis is of interest with regard to

both membrane phosphatidyicholine content and composition. Synthesis of

phosp'hatidylc'holine via the CDP-choline 'pathway involves:

Cholme ——> Phosphorylchol;ne oytidylytransferase,, CDP-cholme

'S

), Dnglycende
phosphocholine-

. ' ‘ ‘ “" ) transferase ‘ |
/ R . Pbosphatidylcholimh/\.

The rate of phosphatidyicholine synthesns via thss route may be
mfluenced by 1) the supply of choline - (Skurdal and. Cornatzer, 1975
Schneider and Vance, 1978) 2) content or composutton of membrane'
duglyce‘nde (Akesson et al, 1970a), or 3) Cytidylyltransferase and/or choline

‘kinasg activity (lnf’ante'ahd- Kinsella, 1978) (cytidylylt»ransf‘erase" is “the rate-

limiting enzyme of the pat[iway). Phosphatidylcholine fatty-acig ‘c_ombosition '

« N
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may be Influenced by 1) membrane diglyceride composliion; potentlat for dlet-
Induced change 2) eubstrate speclticlty for diglyceride exmbited by
phosphocholinetransferase or 3y post synthetic, remodelllng events involvlng_

.deacylation reacytation reactions

. l.",_ A .
', .. v '

N - ‘ 'Resultsl' ‘-'.‘Z
The presence of phosphochollnetransferase activity tp mtcrosomal and
synaptic~ptasma membrane fractions, and the effect of dnet fat compositron on
this activlty was examined L RN .
Effect of diet on phosphochollnetransterase actlvlty o
« The effects of altering diet fat composrtton oan membrane phospholupld
fatty acld composition are mdicated in Chapter IV. Phosphatidylcholine
exhibits a high n-6/n-3 ratié of fatty acids (Table 4.2). Membrane phospholipid
content of n-6 and'n-3 tatty acids, and n-6/n-3 ratio, is affected by the ratio of
dletary n-6 and n-3 fatty acids fed (Figure 4.1). The majority of n-6 fatty acid i tnq
the membrane is present as 20 4(6) (Table 4. 2) . -
 Diet fat composition induces changes in membrane phosphatldylcholme

phosphatidylethanolamine ratio (Flgure 61) This effect appears to be

independent of membrane phosphatldylamanolamine'content or altered

membrane protein content (Foot et al., 1982), so may'legically result from
increased phosphatidylcholine ~bibsynthesis and’ is per:h,aps 'related to
observed diét«induced change's‘ln membrane lipid compositibn

Diet fat composmon of n-6 and n- 3 fatty acids is a major determmant of
membrane phosphollpnd tatty acrd composition (Frgure 4, 1) Diet fats drffenng
in n-6 and n-3 fatty- acid content were chosen to examine the effects of

changrng membrane phospholrpld composition on. phosphocholinetransferase |
- AR |
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Figure 6.1. Ratio of phosphatidylcholine to phosphatidylethanoi-

amine In synaptic plasma membrane

,Membranq phoégholipld content was caiculated using quantitative GLC and C19:0 as an
external standard. Values represent means + S.D. Treatments without a common
superscript are significantly ditferent at p < 0.05. ~—

SFO = sunflower oil; SBO = soya-bean oil; SAF = safflower oll; TAL = heef taliow:

LO «linseed oll; FO = fish oil; CH = +2% (w/w) cholesterol; 85/1 §, 70/30 and 40/60
refer to % (w/w) of sunflower and soya-bean oil mixed. PC = phosphatidylcholine;

PE « phosphatidylethanolamine.

-

ajctivity. By'feeding diets Varjing in fatty-acid composition, it is apparent that ih
ioung growing animals phosﬁ)hochoI'rne_transferase' activity is altered by diet.
(Fi'gurev‘6.2‘). - §oyé-bean oil, saff"low;r oil and beef tallow diets stimulateé
pho;phocholinetranéferase activity up to two-fold over the activity observed
for control animals fed a diet containing sunflower oil. Animals fed linseed oil
exhibit the highest leVgl of phoSphochoIinetransferase activity, approaching
that observed for weanlirig animals. Animals fed fisl'; oil al§o demonstrate hi’gh‘
levels of phosphocholinetransferase’ activity. Addi_tion‘ of c}:holesterol;to the .
linseed oil diet depreéses phosphochoIinetransferéée activity, but activity
remains 'higher than qbserved for control animals féd sunflower oil. Addition of
cholesterol to the fish oil ‘dietfdid not alter ‘phosphocholinet_ransfer_ase activity.

Diet alters synaptic plasma membrane and mi_crosomgi membrane-
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Flgure 6.2. Effect of diet on phosphochollnetransferase actlvfty in
synaptic plagma membrane of brain

Values represent means +S.D. for phosphocholinetransferase actlvity compared with
activity from animals fed a diet containing sunflower oil: 0.34 + 0.03 nmoles
phosphatidylcholine synthesized/mg protein/10 mirutes. -

Treatments without a common superscript are significantly different at p < 0.05.

SBO = soya-bean oll; SAF = safflower oil; TAL = beef tallow;

LO = linseed oil; FO = fish oil; CH = +2% (w/W) cholesterol. - -

phosphatidyicholine content in“‘a manner thaycorrelates with membrane‘
* cholesterol content (Foot et al., 198é). Phosphati.dylcholine' content in these
membranie fractions is also altered dqring growth (weanling vs. adqlt)._._Cdntrol
mechanisms.regulating phogphatidylcheline_ synthesis, via the CDPM-ch'olin‘e' 3
p_athway; and the effect of dieton these control mechanisms are not clear.
Cytosolic phospholipids have. been shown to be the mediating factor of
stimulated phosphatidylcnoline synthesis by estrogen in fetal lung (Chu and
Rooney, 1985) Cell culture work has shown a st|mulatory effect of fatty acids '
on the activity of cyttdylyltransferase the rate-limiting enzyme of the CDP-
choline pathway (Pelech et-al, 1983a,b, 1984). Various comipounds.affecting
hydrophobic bonding have also recently been .shown to be responsible for
~activation-and interaction of cytidylyltransferase with_the membrane (Cornell

and Vance, 1987). it is concelvabfe ‘that diet affects the nature ‘or pool of

,



dtglycerldes in the membrane, or their rate of turnover The nature of diet fat fed
has been shown to atfect -membrane trlglyceride (Mills et al., 1976; Christie et ‘
al., 1974) There does not appear to be specificity towards membrane
diglyceride composition (Arthur and Choy, 1984; Crecelius and Longmore,
1984), and dtfterent phosphatidylchollne species are more likely to be formed
'by remodelling via deacylation-reacylation reactions (Intante 1984). Several
studies suggest that the stimulatory role of tatty acids is a result of an altered ,

»phosphocholinetransterase conformation, which-makes speclﬂo dlglyoerlde

‘species more acceptable substrates (Sribney and Lyman;1973; Radominska- --

Pyrek et al 1976) The results of these experiments, however, are based on
provndmg a supply of exogenays diglycende species as substrate. and may
not directly apply to the in vivo sntuatton The present experiments demonstrate ‘
-activity utilizing endogenous membrane diglyceride. Diet induces change in
, mernp_rane phosphohpid compositton (Foot et al., 1982 Hargreaves and
‘ Clandinin, 1987a; Chapter 1V). Phosphocholinetransferase activity may
therefore be directly affected by associated transitions_ in protein-lipid
interactions. '
'Presence of- phosphocholInetransterase
activity In plasma membrane .
| It is evident that phosphocholinetransfefase activity is present in purified
plasma membrane fractions of brain (Table 6.1). This activity is not due to
m:crosomal contamination of plasma membrane fractions, based on assays of
microsomal marker enzymes (Table 3.4). Miller and Dawson (1972) suggested
the ptesence of phosphocholinetransferase activity in plasma membrane of
synaptic vesicles isolated from nerve endings. Evidence of phosphocholine-
transferase actiyity in purified plasma membrane fraction from brain cell

 cultures has recently been reported by Chakravarthy et al. (1986).. |

e



Data trom brain rndioates hrgher phosphocholrnetransferase aCtivity in
1weanling animals versus adult anlmals, in both mrcros mal and plasma

\membrane fractlons (Table 6 1) Synaptrc plasma membrane phosphocholrne-

~when: the _ftivlty"_jnfsynaptio plasma membrane “in» re'latio'n to mic'roso'mal;,
membranes rs hrghest (Table 6 1) “In- tbre rogard Yhe specrfrc actrvrty of~
. phosphochollnetransferase in developmg rabbrt cerebrum appears tq correlate
with morphologlcal and composrtmnal events in the developlng brain i in- the last ‘
:.trrmester of gestatron and first three weeks of post natal lrfe (Flmbres et a}.,.
- 1980) Phosphocholrnetransterase actrvrty m weanllng bram approaches that
o ‘of Inver at thrs trme (Table 6. 2) emphasrzmg the- rmportance of the brarn s~?
' j. endogenous lrprd brosynthetrc capabrlrty dunng a penod of raprd browth
S ,Table 6. 1 . = :
L PhosphocholInetransferase actlvlty In braln

Synaptlc plasma membrane Mlcrosomal membrane
nmoles phosphatrdylcholrne synthesrzed/mg pro in/10 mrnutes ‘

QYWeanIrng WYY (12)« T 86x10 (12)
Adult 036-1:002 (24) SRy 1-2 +0.04 (24)

'f'Values are means + S. D T (n) = number of repllcatesk-y )
Adult weanllng animals were fed dlets oontalmng suntlower orl end soya-bean olllor 24 days

' "‘NfTane 62 a0 |
,Phosphochollnetransferase actlvjt\y ln mlcrosomes ~

N

. Braln R leer i IR
: nmoles phosphatldylcholrne synthesrzed/mg protern/lo m/nutes -

ih

'»Weanl,i’nTg v 86:t:10 (12)1 RIS SRS TS
,_-.Adurt 12:004 (24) ? ,_:__.10.21;1,9- (18_)

= ‘Values are meanst S.b; 1(n) - numberof Teglicates. -
' Adult weanling animals were led dlets oontar ing: 20% (w/w) fat lor 24 days
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'e"'i Intestlnal phosphatldylchpllne pynthests .
The rntestrnal brush border membrane has a rapid rate ot turnover, htgh "

'metabolrc actrvrty. and is one of- the first membrane systems to be ,exposed to :

exogenous factors such as change in dtet composition Tlﬁ control of

; , :phosphatrdyloholme biosynthesis in this system is therefore of interest |

V":'."partrcularly in relation to control of membrane functron and nutrient absorptlon

In rntestrnal brush border. membrane altenng the physlologlc state by |
'rnducrng drabetes has been’ shown to rnduce changes in membrane_‘
phospholrprd composrtron (Kealan et al., 1985) and _increase memb;ane "
.. . phosphatrdylcholrne content (Thomson A B.R., unpublrshed results).  There is
a strong correJatron between punfred brush border membrane phosphattdyl-"
cholrne content . and phosphocholrnetransterase actrvity in brush border‘
membrane homogenates (Figure 6. 3) ~This correlatron comprises data from .

:ileal and Jejunal srtes ‘and <ontrol and diabetic anrmals Srte specificrv_

-

r=091" , : /.

p<001 Lo VAN

-
Con
T

(nmoles PC/mg protein/10 min) -
g o .
| T

‘Phosphocholine Transferase Activity

Ol L N AR B
80 100 120 140 160 180 200,

Brush Border Membrane Phosphattdylchollne
“ Content (nmoles/mg proteln)

‘ ',,thut'e 63 Pﬁ{osphatldylchollne synthesis and content in

- intestine~ of contrél and diabetic rats ™~
< - Healand jejunal brush-border.membrane phosphatidyicholine oontent from control and
- diabetic rats was determined by phosphorys analysis. . . ‘
: "PC - pﬁasphatrdytchohne Each potnt is the mean i S. E N= 4

;

S
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| 'dillerences in intestlnal rates ot phosphatidylchollne biosynthesls are also
~ ‘shown (Table 63) Pxﬁphocholinetransterase actlvlty in brush- border

L ;membrane homogenates from ileum.of control anlmals was essentlally zero

o '(Table 6.3), suggesting the actuvrty resides at a specmc subcellular site, or

"““perhaps .axhibits _ drfferent klnetrc parameters than 3ejunal

o phosphochollnetransferase Je;unal plasma membrane contains more

/phosphatldylchollne per mllligram protein than does |leum The dlabetrc state

ltncreases membrane phosphattdylchollne content in intestinal plasma

membrane &t both jejunal and ileal sites (Table 6.3), and thls corresponds wrth

N . - . ,
" Table 63 NI
Effect of diabétes on phosphatldylchollne synthesls and lmembrane

’phosphatldylchollne content

i COMI&OI
S nmoles PC/mg proteln
{Intestlne L S ENETE
' lleum . 100 Lo : o 187
- Jejunum. 126 , . : 184
- Brain: . ' T B o R
SPM _ 253123 (4) o 240148 .»(4)
‘MIC 1771:39 (4) A l T 147i32 . (4)
nmoles PC synthesrzed/mg‘ proteln/10 mmutes
Intestine: . e
leum . 0.04+0.07* (5) 0201 (12) W
Jejunum - 0.7 0.5 (12) R 12;08 (11 ™
Braln: N
SPM 102 :L-006 (4) S 021003 (4)
MlC 1.3 :t02b 4) o e 06:t009 (4)

: PC phosphatldylchollne, SPM - synaptlc plﬁsma membrane. MIC = microsomal membrane lntestmal

~ membrane phosphatidylcholine content was determined by phosphorus analysis; brain membrane
phosphatidylcholine by C19 external standard. .Phosphocholinetransferase activity was measured using
[‘ ‘C] CDP-choline as substrate. Values are means + S.D. (n) = number.of replicates. ,
=p<0.01; "= p<0.001. Slgniiicant compatisons between control and diabetic treatments.

T 'Dlabetic animals were obtalned from Dr. A.B. R Thomson s laboratory. and were made diabetic, as

Y prevlously descrlbed (Keelan et al 1985) » X

L ,
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Increased mtesttnal phosphocholinetransterase actlvlty) (Table 6. 3) lq brains |
ot dlabetlc rats. the response is qulte dltterent Synaptlc plasma membranel |
fractlons _show no change m phosphochollnetransferase actlvlty in dlabettc'_ :
versus control animals (Table 6. 3) Bram mlcrosomal fractlon shows a 50%,
decrease in phosphochollnetransferase tivity. Phosphochollnetranslerase
' actlvuty in brain synaptlc plasma membrane and mlcrosomal fractions also
_ correlates with membrane phosphatldylchollne content (Table 6. 3) ' *
| Intestlnal transport functlons in the dlabetlc rat have been shown to be
| altered Dlabetes induces tncreased uptake of fatty acids and cholesterol} )
(Keelan et al., 1985). Transport functlons in the intestine, and altered neuronal
functions resultlng from the diabetic state may respond to mampulatlon by dlet it
disease- lnduced alteratlons occurring in phosphollpld rmet_bollsrn can be
normalized. . R j .
| '~ Discusslon .
The ability- of plasma membrane to synthesize p‘hospvholipid, and k,
fthe,refore control plasma 'membrane physico-ohemical 'en’viron;ment\ a.nd thus
'perhaps function, to some degree indep‘endently of the,microsomal membrane
fraction" is suggestive of-a more important role for the plasma membrane than
prewotrsly concelved 1t also follows that the role ot the plasma membrané may
"be greater dunng penods of rapld growth or when subjected to altered physio-
Ioglcal condltlons such as dlabetes or changes in dletary fat intake. The route
by Wthh membrane phosphatldylchohne content is altered is llkely complex

and may mvolve factors -such as membrane cholesterol content, membrane

phOSphthld tatty acid composmon and many membrane assocuated enzyme ;

actlvmes acyltransferases fatty’ ac:d elongatlon/desaturatlon base exchang.g,

phosphollpld synthesrs via CDP pathways or methyltransferase actlvlty for



- 99
' .,p‘hcsph‘atidylchoiine"‘biosynthesis“' Further research \s needed to assess
| mechanisms for stimulation of phosphocholinetransferase activrty The»
srgniiicant diet- Induced increase in synaptic’ plasma membrane
Vphosphochoiinetransferase activity (Figure 6 2) is very excrting in Irght of the
importance -of phosphatidyichoime in the membrane and the changes in brain.
""tissue known to occur in aging or degene /ative conditions such as Aizheimers
disease The role of this pathway for phosphatidylcholine synthesis in the
. plasma membrane may be- particuiarly important dunng perrods of growth and
j-deveiopment or in altered phy’siologic states The srgnmcant overaii reductron .
- in phosphatidy choline production in neural tissue ot diabetlc ammais (Table
6. 3) may have dramatic effects wnth regard to nervous tissue function. Diet
may, theref/efe represent an effectivertherapeutic tool with whrch tq normalize

‘specific membrane- associated functions Wthh depend, in part tipon the

Ly

phosphatudyichoime content of the piasma membrane | ‘ " ';;;«

e *\ |  Summary o -

1. Mernbrane_,phosphatidylchoiine'content and composition is altered by
.the, nature of diet fat fed.. _ | o

2. Phosphochohnetransferase is. an{ntegral membrane protein and its

'_ activity is respcnsrve to changes in diet fat composrtion WhiCh may
relate to diet- mduced changes in membrane, phospholipid -
QOmposmon shown in Chapter v, , . |

3 Phosphocholinetransferﬁse activity is present in the - plasma_!
membrane fraction and expresses a high ievei o?“activrty in this

fraction tor weaniing animais



: Chapter VII
Co- ordinate Control of Phosphatldylchollne -
Biosynthesls via QDP-chollne an‘d. PEMT Pathways

e

Purpose _ .
Diet fat composmon w?/altered in @ manner known to affect membrane
phosphollpid fatty -acid composition to simultaneously measure the response of .
phosphochollnetransferase and phosphatldylethanolaminemethyltransferase

(PEMT) activity to changes in diet fat composutlon <« ..

—— -

’~

J e

Lo Introductlon I s

The nature of phosphatldylchollne producedﬁla the CDP cholme
pathway, deacylatlon reacylation reactions and the PEMT pathway is different | .
t (Trewhella and Collins, 1973; Strlttmatter et al., 1979).. The PEMT pathway -
produces specmc polyunsaturated species of phosphatldylcholme which do
" not appear to be synthesnzed via any other route, for example specnes ncr( in
20 4(6) and 22: 6(3) The |mportance of the pool of phosphatldylcholine
produced via this pathway is not entirely clear, but several lines of evudence

'suggest that it may play an important functional role in the membrane In brain

tissue, actuvnty of the PEMT path ay corresponds with crltlcal stages of .

g Adevelopment (Blustajn et al 1985) PEMT actwnty has also been linked with
activation of numerous ‘membrane functions in a varlety of t|ssues hormorie-
_ stimulated adenylate cyclase actiyity in retlculocyte ghosts. 4Htrata et al.,
1979), hustamme release in RBL cdlls (Crews et al., 1980), msulin actlon in the .,
| adspocyte (Kelly ot al., 1986), (

2+. M92+) ATPase actlvuty in Kidney cortex
~ basolateral membranes (Chauh n. and Kalra, 1983) and in red blood cells -
(Strittmatter et al., 1_979). Altefed PEMT aqtuvrty has _also been imphcated in
. diabetic (Ganguly et al., 984) and. genetic (O‘kum‘ura ot al.,, 1987) -

; - 100
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’ cardiomyopathy The roie of the PEMT pathway in some of these metabollc ‘
T processes has been questioned because very. low Ievels of PEMT activnty

exist in the\lissues studied (Vance and deKruiJff 1980). Correlations batween :
PEMT activity @nd other membrane functions such as adenylate cyclase |
activation do, however suggest a co-operative role of the' PEMT pathway in

© many membrane functions regardless of whether a dlrect cause- -and-effect

relationship can be defnonstrated between PEMT actlvrty and the functionr

being measured Ewdence suggests phosphatldylcholln\synthnslzed via the
_E’EMT pathway has a functlonal role and rapld rate of turnover (Mogelson and
Sobel, 1981). The CDP-chollne pathway provrdes the majorlty ‘of membranej
| phosphatldylc,hoime Diet fat composmon has been shown to affeg both PEMT -
(Hargreaves. and Clandlnrn 1987a) and. CDP- choime (Hargreaves and:

| A Clandinin, 1987b) pathways for p_hosphatidylcholme synthesrs, suggesting that .

= concurrent effects of dietary supply of f'atty acids on these two path.ways may

play a regulatory role. The regulatory mechanlsm oi control may be co~
ordinated°in such a martner that distinct functional and structural pools of

phosphatidylcholine formed via dliie m routes are malntamed under changing

A SN

. Resuits

physiologlcal condmons

' Activity: of p‘hosphocholinetransf_eraie of thi CDP-c_hollne pathway and
methyltransferases of the PEMT pathway were altered by diet. -Rats fed a diet
containing “polyunsat_urated fat :(sunflower oil) were characterized by higher
phosphatldylchoilne synthesizing activity via the PEMT pathway and Ioviier
actrvuty via the CDP-choline pathway than observed for animals fed a diet:
lower in polyunsaturated fatty acids (soya-bean orl diet, Tabie 7.1). Feedmg“‘

the sunflower oil diet produced membrane phospholrplds wrth a higher content
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‘Table 74 | - o,

Effect of dlet fat on phosphatldylchollhe synthesls in synaptlc

*y

synthesis Soya-bean oll © . Sunflower oll
PEMT! . 17406 @) 22:07 (@
CDP-choline2 .  62.9+15.2 (6 . 475:98 (6)

' pmoles/mg pmteln/ao minutes. *Total methyltransferase activity measured as producﬂon of monomethyl
-dimethyl-, and trimethyl- (phosphatidylcholine) phosphatidylethanolamine. .
2 pmoles/mg protein/10 minutes. Phosphocholinetransterase activity.
V_a|ues represent means = S.D. (n) = number of replicates. .
=p <0.05 for comparison between diet treatments.

L]

of n-6 .fatty"acids. lower contgnt of n-3 fatty acids and a higher n-6_/n-3ﬂ ratio

(Table 4.3). "The effect of altering'th'e nature of dietary polyuns‘at'urated"fat.bn q

the synthesis of phosphatidyleholine via t_he CDP-ehoIine and PEMT pathways

“.was examined by feeding diets containing a series of sunflower oil/soya -bean

oil mrxtures (Table 3.3). These mixtures provided a range of’ n- 6/n-3 rattos and

Ievels of n-6 and n-3 fatty acids which may relate to control of phosphatndyl-

choline biosynthesis.

A complex'relationship ‘exists between the fatty acid eomposition of diet

fat and membrane lipid fatty acid composition. | The n-6/n- 3 ratio of fatty acids

| fed is reflected in membrane phospholipid fatty acud n-6/n 3 ratio (Frgure 7.1a)

for. synaptac plasma membrane phosphatrdylethanolamine n-6/n-3 {r = 0. 99,

p < O 002) and mncrosomal phosphatrdylcholme n-6/n-3 (r = 0. 94, p < 0.006).

The level of n- 3 fatty acids fed is most strongly correlated with membrane

phosphatrdylethanolamlne 22: 6(3) (Flgure 7. 1b r= 091, p<0. 01) and to a

lesser extent wrth phosphatrdylcholine 22: 6(3)-(r = 0.68). Membrane content of

‘long- charn n-6 homologues correlates. with level of n-6 fatty acid fed,

according to membrane fraction and phosphohprd examined (Figure 7.1c,d).

o4

9
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Figure 7.1.

_acld content of membrane phospholipid

Animals were fed diets containing mixtures of soya-bean and sunflower oil (20%. wiw
tat) for 24 days. Each point represents the mean £ S.D., n = 4.

PE = phosphatidylethanolamine; C-phosphandylcholme, SPM = synaptic plasma

membrana. MIC = microsomal membrans
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) Based on changes In phosphatl&lchonne syntheslzlng activlty (TabLe
7 1) the fact that phosphochollnetransfarase and methyltransferases are ~—
: en diet and

\integral membrane proteins. and the strong correlations noted bet
_ membrane n-6 and n- 3 fatty acids it is possible that a. correlatz

n bet}«re_en

phosphatidylethanolamine n-3 content (ngure 7.3). A more speoific leve! of
‘con'trol over these two pathwafs is based on phosphatidy thanolamine
| content of mdlvndual long chain polyunsaturated fatty acids, specufically
phosphatldylethanolamme content of 22: 5(6) and 22:6(3) (Figures 7.4 and 7.5).

¢

- Feeding soya-bean oil or’ sunlga;/veroul diets producas different profiles
of membrane phosphatidylethanolam

ne species, and specifically alters the
ratio of 22:5(6) and 22:6(3) fatty}acids preeent in the membrane (Table 7.2). A
sunflower oil diet results in elevated amounts of polyunsaturated phosphatidyl-
sthanolamine sgecies,‘a'nd lowered levals of monoenoic phosphatidylethanol - |
amine’ species (Table 7.2). The phosohatidylethanolamine épeoies containing
_both 22:5(6) and 22'6(3) fatty acids exhibit a much higheér 22'5(6)/22‘6(3)‘ratio
X for animals fed sunflower oil compared to soya-bean oil ( Table 7.2). This is
consustent with elevated Ievels of PEMT activity for sunflower oil fed animals -
(Table 7.1). |
Mlcrosomal membrane n-3 fatty acid content has an apparent inhibitory

effect on phosphatldylcholme blosyntheS|s via the PEMT pathway, and a
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Flgure 7.2. Relatlonshlp between microsomal membrane:

‘ phosphatidylethanolamine n-6/n-3 ratio and )
phosphatidyicholine synthesis via PEMT and '
CDP-choline pathways

CDP-cholino activity represents phosphocholinetransferase activity. Each poim
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Figure 7.3. Relationship bétween microsomal membrane
phosphatidylethanolamine "n-3 content and
phosphatldylchollne synthesis via PEMT and
. CDP-choline pathways
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represents the mean+ S.D., n= 4.

Wl o

o~

v S



= =
) N

pmoles pho-aphatidyldimethyl-
&
[+ -]

ethanolamine/mg protein/30 min.

g
-

" 108

PEMT 1.25} CDP-Choline
. - v . D) ¢
r=0.81 2 r=-0.85
2 ¢ . p<0.05 R
g ,
% o 1'29'
23 ¢
Qe
Q
o I
g 8 1.15
[+}
£ .
Q
R I L 1.10 . 1 1
1.0 2.0 3.0 \ 1.0 . 20 3.0

b
% 22:5(6) In phosphatldylethanolamlnm *

Flgure 7.4. Rélationship between microsomal membi‘.ane
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phosphatidyicholine "synthesis via PEMT and
CDP-choline pathways -

PEMT activity represents pmoles phosphatidyldimethylethanolamine produced CDP

choline activity represents phosphocholinetransferase activity. Each polnt represents
the mean+ S.D., n = 4,

[N

. 0.4 o . S ® ‘
* . . [' P"' . .
PEMT , o CDP-Choline °
£ 2 - |

| E © =

% by _g g r=0.73

=9 > E 1.20}

- T o

g% 23

8 eo0a3f ZE

£ a o <

Qo e
-2 £ a 27118}

g £ o E

QE k)

S - | ‘
0.2 . , o~ 3
2.4 2.6 2.8 3.0 24 26 28 3.0
_ % 22:6(3) In phoaphatldylethanolamlne
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phosphatidylethanolamine 22:6(3) content and
phosphatidyicholine synthesis via PEMT and
CDP:choline pathways

CDP-choline activity represents phosphocholinetransferase activity. Each point
represents the mean £ S.D., n = 4, .
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Table 7.2
Phoaphatldylethanolamy\o speclos In brain mlcrosomee
-Diet  ~ ‘ _Number of doyble bonds
Treatment . 6 . 46 ‘ 4 - 1
- / %, WW
SBO 26.5+6.2¢ 14.1 + 48 2471420 15.9 £ 4.3
SFO 30.2+4.3 16.1.%1.4 30.11+3.4 10.1+2.0
Faty acld'
22:5(6) - 22:6(3) 22:5(6)/22:6(3)
T %, wiw
. L
SBO 26110 : 10.4 +7.2° 0.25
'SFO - 159128 23£1.1 | 7.0

SBO = soya -baan oil; SFO = sunflower oll. Values represent means + S.D. for 12 replicates.
* p<0.01; b p<0.001. Comparisons indicate a significant effoct of diet treatment.

1 Fatty acids present in the phosphatidylethanolamine species containing 4-6 double bonds.

stimulatory effect of n-6 fatty acids can also be demonstrated (Figures 7.2 to -
. 7.5).. This may be a result of the substrate preference exhibited by
methyltransferases of the PEMT pathway, as previously described (Chapter VI;
Hargreaves and Clandinin, 1987a). These observations suggest a role of-
membrane long -chain polyunsaturated fatty acrds as factors partrcrpatmg in the

B regulation of phosphatrdylchollne brosynthesns
A

Nt g o

Dlscusslon |

Co-ordinate eontrol.of phosphatr‘dylcholineﬁ biosynthesis via CDP-
choline and_PEMT 'patt.tways has previously been demonstrated in cultured rat \
hepatocytes supplemented with individual fatty acids (Audubert et aI;, 1984).
Fatty ‘acid supplementation of rat hepatocytes stimulates phosphatidylcholine
Synthesus via the CDP-choline route (Pelech et al., 1983a), but inhibits
formation of phosphatldylmonomethyIethanolamln(Audubert et al., 1984).
.Fatty ecrd stimulation of phosphatrdy!cholme synthesis via the CDP~choI|ne
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route resultb from Increased translacation:.of cytidylyltransferase from the
cytosol to the microsbmal merpbrané ‘(Pelech et al., 1983a; Cornell and Vénoe.
1987). The effects o'f'tatty acids on methyltransferase activity app‘ear to result
from aitered 'affinity for its substrate S-adenosylmethionine (Audubert et al.,
1984). ‘ Interprétat_ion of the results of these gtUdIes are limited by the fact that
exogenous free fatty acids or an int‘ermediary substrate (phosphatidylmono-
methylethanolamine or phosp_hatidyldimethy'iéthanolamlne) were added to the
incubation m'edlurn}.‘ The results presented in the present study, although
répresenting m vitro enzyme activity, demonstrate changes In pl'ac».sspvha'tldyl-~
choline synthesis, measur py assaying activity bf an intdgral membrane
prot‘ein, utilizi‘ng endogenous s"ublstrate. It -has beer(proposed that ché:ges in

- membraneg phd'sphatidylethanolamir(e species affect the rate of phosphatidyl‘
" choline synthesis due to substrate preferenkce of the pathway. The inhibitory
| éffect of oleate on only methyltransferase | activity (Audubert et é\ 1984)'
' suggests the location of the enzyma in the membrane may be an important
fgctor in the eontrol mechanism. If phosphochoIinet‘ransferase is located in
prqximity to PEMT niethyltrénsferases in the membrane, a feed-baék syétem
may exist based on lpcal chéhges in phosbhatidylcholine fatty acid =~
composition, local changes in membrane properties, or perhaps'some é;(ternal
" ‘factor that affects phosphoChonnetransfefase'and ’methy‘ltranSferases in 5;\/ |
opposing manner. Mato and Alemany (1983) have proposed a model to
' 'ekpléiﬁ co-ordinated control of the CDP-choline and PEMT pathways of
phosphatidylcholine -biosynthesis in the |iver:‘ based on ‘effects of Ca2+ and
cAMP. Choline availability has also been shown fo c.o-ordinatel,y affect
phosphali y\lcholine' 'biosyhthgsis via these two pathways (Skurdal and
‘Cornatzer, " 75; Sghneider and Van;ce, 1978). ." has been éuggested (Mato

_and Alemany, 1383) that co-ordinated control of PEMT dnd CDP-choline

N

~



""".pathways observed m Irver acts o malntarn a steady state |evel of o

| phosphatrdylcholrne synthesrs under drfferent metabollc condmons The PEMT

pathway may play a mOre spec‘rfrc functlonal role rn tlssues where it contrrbutes .

{

7

“ not be co ordrnately controlled byqegulatory factors rmposed on the system o
= For example, aldosterone has been shown to mcrease fphosphatldylchollne =
) bros;ynthesns Ma both CDP cholrne and PEMT pathways in, bladder eprthelral f

,»"célls (Wresmann et al 1985) but only aldosterone strmulatron of the PEMT g

as rek ted to aldosterone stlmulated sodrum transport Sl 'v’*’.l |

o Th ‘nature of phosphatldylcholrne specres produced vna the CDP-
choline and PEMT pathways is dffferent (MacDonald and Thompson 1975 -
- A' TreWhella and Collrns 1973) therefore the rmpllcatlons of alterrng tha amount :
‘ 4'or proportlon of phosphatrdylcholrne produced via each pathway are
” srgnrfrcant For example phosphatldylcholrne produced vra the PEMT‘-[' ’
- pathway at the synaptrc plasma membrane may be preferentrally utrlrzed as a': |
' ;'source of cholrne for acetylchohne metabolrsm (Blusta]n and Wurtman 1984;
Mozzi et al 1982) and enhanced synthesrs may potentrally protect agalnst:f
_functlonal degeneratron of cholrnergrc nerve termrnals " i thls respect the £

| abtlrty to co- ordrnately control pathways of phosphatrdylcholrne blosymbeirs )

' "by dletary fat reveals a potentrally therapeutrc treatment for degeneratrve br
o drsorde | C\ ’u e

o . . T o

s Summary

RF The balance of n-6 and n- -3 fatty acrds in dret fat fed effects the control :

; of phosphatldylcholme blosynthesrs via- CDP cholrne and PEMT i

pathways m a.co- ordmated manner.

h’l | 1f0'9,

,toportion;fof’ ,total phosp_hatidylc}hollne"pioduced,fand,may ormay

e
8



L 110
i

2 Increased membrane phosphattdylethanoiamine n- 3 content is ;L

assocuated with mcreased phosphatrdylcholine synthesis via the

CDP cholme pathway and reducegmynthesus via: the PEMT pathway :
‘3. Increased membrane phospha“’tidyiethanoiamlne n-6 content is
_ assocuated wnth mcreased phosphatrdylchohne synthesis via the"
| PEMT pathway and reduced synthesis*via the $50$ choline pathway o
4. Diet appears to effect control of phosphatidylchollne biosynthesis by

altermg content and composmon of phetsphohpid species nch |n‘.‘~‘ ;

o 22:5(6) and 22:6(3).

-



Chapter VIII :
Liposome Model for Manipulation of -
T Membrane Phospholipld | a ‘

i
‘Purpose

A model for exammmg the relatlonshup between ;uembrane composutlon
and phosphattdylcholme biosynthesis via PEMT and CDP cholme pathways |
| : was developed by mampulatmg bram mlcrosomal membrane phosphatrdyl-

thanolamnne in a controlled manner Laposomes containing specific
phosphatrdylethanolamlne specnes were mcubated with brain mlcrosomes in
the presence of non- specmc phosphohpnd ‘exchange protein (NSPLEP) to
ennch membrane phosphatldylethanolamme in 18:1(9), 22: :5(6) or 22 6(3)

‘ , 'Introductlon | , . |
The physical\')roperties' of phosphatidylethanolamine do not favorthe ,- |
formatton of snngle umlamellar vesicles: (SUVs) Ltposomes can however, be .
formed contalnmg 20% (wiw) phosphatldylethanolamme and 80% (w/w)
phosphatldylchohne whnch favors a ‘more stable conformatlon
| Exchange protems (Helmkamp, 1980) transfer protelns and non~prote|n'

transfer medlate exchange or net transfer of phosphohptd betweeh membranes ]

- in wvo A non- specmc phospholrpld exchange protem (NSPLEP’) has. been

identified and purmed from rat liver (Craln and Zilversmit, 1980a) and beef llver
(Ble and anversmtt 1983) whrch non- specuflcally catalyzes the net transfer of

phospholtpld (Cram and leversmlt 1980b) Thts NSPLEP has proven very;

. useful for in vitro studie’s where spontaneous dnffusmn from donor membranes is

very slow Phosphohprd exchange protems have prevrously been used to :

study the response of mtegral membrane protelns to alteratlons in membrane .

>

= phosphohplds (Cram and Zilversmit, ,1981), |

111
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This chapter descnbes the use of Irposomes to manipuiate rat brain

microsomal membrane phosphatidylethanolamine composition The effect of

altered membrane phosphatidylethanolamme composrtion on enzyme activnties

~ of the PEMT and CDP-choIine pathways will be e_xammed.

Methods |

Bram microsomal ‘membranes were freshly prepared as described in

E Chapter . Egg phosphatldyicholme dioleoyi phosphatldylethanolamine and
bovme brain phosphatidylethanolamme were purchased from Slgma Chemical ‘

Co. (St Louns. MO). . Bram phosphatidylethanoiamme was applied to. .

argentation TLC plates (as described |n Chapter 1) to obtain a fraction nch in
22:6(3). Phosphatidylethanolamme fich in 22: 5(6) was is olated from rat testis

accordmg to extractlon and punflcation procedures descnbed in. Chapter .

, The fatty-acid - composmon ot phosphatldylethanolamlne specues irom |

~ brain and testls is shown (Tabie 8. 1) [14C]-cho|esteryl -oleate (NEN Boston_

- Mass.). was used as a non- exchangeable marker.

Table 81 ; ' '
Liposoma'r phosphatldyiethanolamine composition '

‘Fatty:acid .. Brain - Testis
o %, ww ‘
160 - 13.43 T 28.52
13:0.‘_- : 17.79 - 13175
1811 o 488 ... 7.66.
18:2(6) 046 % 249
20:3(6) ¢ 030 . 064
- 20:4(6) - ' 200 - . 28%2
© 22:4(6) . 1.35. 7 195
22:5(6) 123 © 16.14
225(3)° - - 085 012
226(3) - 4713 156

1:\

Brain phospbatrdylethanolamine was separated by argentatron TLC to obtain a fraction rich in 22: 6(3)
Phosphatidylethanoiamine from rat testtcular tissue was purified by TLC

| -""1"15.-

.
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.Llposome prepa’ratlon‘

| APH 7. 4) and heated at 50°C for.15 min. with periodtc vortexing The lipi in=

buffer was sonloated wuth an Ultrasonic Processor W-375 sonicator (Heat

Systems Ultrasomcs Inc.) for 15 min. at 50°C, then centnfuged at 100,000 g for

30 rnln. to remove titanium fragments and Iundtspersed_hptd . The resulting

~supernatant containing single unilamellar vesicles was used for the liposomal

incubation. ’ : . g R L

Llposomal Incubation

. Microsomal membrane was isolated from male Sprague-Dawley rats-

weughn_ng 304 + 34 g, as descnbed in Chapter Ill. NSPLEP was prepare. ‘ram

- bovine'liver (‘Blo]\and Zilversmit 1983) and was the generous gift of Dr. M.
. Poznansky's Iaboratory (Dept. of Physiology, University of Alberta) NSPLEP

was stored frozen at -30°C; activity under these condmons was approxrmately

20 nmoles phosphatldy|chofme transferred per 15 min. per 50 pl. The NSPLEP

concentrate contained 300 pg protein: per 100 ul. Liposomes were mcubated
~ with mnorosomal membrane, in the presence of NSPLEP for up to two hours at
" 37°C to facilitate the transfer of phosphatldylethanolamme from Itposome to
,mncrosome fraction. The mcubatuon medlum contamed 300 pl microsomes (~5 '

’ mg protein) 100 ul NSLEP, 600 pl sucrose buffer 1000 ul Irposomes in buffer

(100 mg phospholipld) and 5 mg bovme serum albumm A control mixture

: contammg mlcrosomes _sucrose. buffer and bovme serum albumm was also

113
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mcubated After 2 hours the mixture was centrifuged at 100 000 9 for 30 min.
and the pellet surface-washed with buffer to recover, the mIcrcsomal fraction |
}fror.n the IipoSomes ’The microsc'mal~pellet was’ suspended in 0.5 ml sucrose
ybuffer for immediate use in enzyme assays andfor lipid analysis. :
Brain microSomaI membrane was incubated with |iposomes containing
1) dioleoyl, 2) testicular, - or 3) bovine brain phosphatidylethanolamlneyto
increase membrane bhosphatidylethanolamine content of moncenes,’22'5(6).
or 22:6(3) respectuvely These changes in membrane phosphatidylethanol-x
amlne composrtion would be expected to alter phosphatidylchollne synthesis.
via the PEMT pathway‘ due to changes in preferred substrate. Limitations.to the
design include 1) incorporation of -Unph.ysiclogic species of ph_ospharidy!-
ethanolamine (dioleoyl)',' 2) altered membrane. content of phosphatidyl'ethancl-
amine‘ and phosphatidylcholine'(Iiposome is 80% pho‘s'phatidy!icholine and
| 20% phosph‘atidyle_th-anolamine), and 3) altered ,econtent- of membrane

cholesterol.

Enzyme assays ,
Methyltransferase actlvuty of the PEMT pathway and phosphochollne-
: transferase activity o& the CDP—chollne pathway were assayed-on fresh tissue, -
as descnbed in Chapter IIl. |
| Results and Dlscusslon S
Mucrosomal membrane prfosphatldylethanolamlne compoBition was. %
altered in the system descnbed as a result of phospholipid exchange with

| Irposomal particles. The change in microsomal membrane phospholipid '

E composmcn observed did not result from adheswn of hposomal partlcles to the "

~membrane. Thns was establnshed usmg hposomes contammg dipalmitoyl ' o

P
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phosphatidylethanolamlne and the non- exhangeable marker [14C]-cholestery|-.

. tﬁa‘\‘ e l

oleate. Membrane phosphatidylethanblamlne 16:0 was elevated 4-fold, and a
negllgible amount of added radioactivity was detected in the recovered

membrane (data not shown).

Membrane compositional change

‘ crosomal phospholipid composmon was altered by mcubatlon and by
liposoﬂ:}trea_tment (Table 8.2). lncubatlon times from 30- 120 minutes were .
used. No further differences ‘were observed for membrane phosphohplds after

30 minutes-in response to incubation time or liposome treatment (data not

~ Table 82

"Membrane phosphollpld composltlon in response to Incorporatlon ‘

of liposomal phosphollpld

5

T;ggtm‘ent' :

Fatty WMIC Control -8 _n-6 n-3_MIC Control LIP

acld (3) (11) (8) (8) (1 @) (12) " (17)
- | o %, Wiw - .

160 124%1.0% 120308 109:0.2° 12.9:0.7¢ 13.8% 543106% 49.7:2.1P 445415 |

18:0 ™V 38.410.2% 36,2408 32.310.6° 34.8+1.49 36,0%d 115:02 11.6304 12.1+0.22
18:1 1164042 §2.941.32 257+1.0b 17.0+2.8° 14,38¢ 23.4:0.1° 24.9+0.6® 27.330.4
18:2(6) 0.310.01* 0.3+0:022 0.310.012 0.440.1® 0.4%0 - 06+0.0° 2.6+0.6® 8.8 0.7

20:3(6) 0.0’ 00  0.240.02Y9 0.310.02b¢ 032> 0.2:0.01 0.2+0.02 0.2+0.02
 20:4(6)  12.1+0.04* 12,910.6* 10.6+0.6% 12.3:x0.8%  11.2%®d 50:0.1 5.3+0.5 3.3:0.032

22:4(6)  3.640.3% 3.5:0.2¢ 2.640.2° 3.140.3° 3.085¢ 0.610.03 0.7:0.1  0.3:0.1*
22:5(6) ~ 0.6£0.1  0.7+0.1 = 0.6£0.04 1.030.1* 0.6  0.120.01% 0.2+0.1® 0.410.05
22:5(3) + 0.240.01  0.240.01 0.240.02. 0.2+0.1 0.2 - 0.1£0.0 0.1£0.02 trace

226(38)  20.1+1.1% ' 20,8+1.5% 16.040.7° 17.741.2¢ 18.1%c 3,0:0.2 3.4:0.6 1.5:0.22

" SSATS 5084128 482113 43.210.6° 47.842.0° 50.0% 66.0:0.5% 61.642.1P 56.7+1.4
'SMONOS 123+0.4% 13.411.3%. 26.3+1.0° 17.7428Y 165% 24.610.1* 26.2+0.6® 28.610.6
-$n-6 16.540.3% 17.410.8" 14.310.5° A 16.8+1.0% 1523d §240.2* 8.811.1P 13.0:+0.8

Th-3  204£19%  21.0+1.5% 16.110.7° 17.941.2¢ 183%c 3110.2 3:5+0.6  1.7:+0.2°

n-6/mn3 - oa-.v;oosth 08:!:004“ 0'9101" 0.910.1® 0.8 20£0.1% 25:0.2° 7.8:1.0

Microsoma! membranq,waa Incubated for 30-120 minutes with Iiposomes centalning 20% (w/w) dioleoy! (n-9),

testicular (n-6) or brain (n-3) phosphatidylethanolamine and 80% (w/w) egg phosphatidylchohne at37°Cin

the.presence of NSPLEP. MIC = microsomal membrane phospholipid compositionat t=0; . - .

Cont®! = microsomal membrane giosphoﬂpid composition after incubation (no treatment). LIP = average
phosphatidylcholine composition for n-9, n-6 and n-3 treatments. Valuss represent means + S.D.

(n) = number of replicates. Values without a common superscript are sigmrmntly different at p < 0:05 for-

: comparisons botween treatments, within a phospholipid



116

shown). This suggests some, equilibrium is established within the first 30

‘ 'minutes and no further net transfer occurs (this does ot imply that exchange

processes are not cccurnng) | ' : ,(f;-\.

Incubation of microsomal membrane 'in the 'absence of NSPLEP or
liposomal lipid (Qontrol) resuits in increased phosphaﬂldylethanolamlne 181,
20:4(6), and 22:5(6); decre_ased phosphatidyletha*oiamine1 18:0; ..lnc_re'ased
phosphatidlehoiine 18:1, 18:2(6), 22:4(6), 22:5(6) and n-6/n-3 ratlo and

: decreased phosphatidylchclme 16 0 (Table 8.2): These changes suggest that

degradative or turnover processes of membrane phospholipid are (occhrring
The large ‘increase in phosphatldylcholine 18.2(6) is not readily explained.
Fatty acid synthesis is presumably not occurring in the absence of ap‘prqxpriate
substrate. | | | ’
PhOSphatidyiethanolamine composition is modulated in respOnse to
liposomal treatment (Table 8.2).‘ Liposomes containing dioiédyl phosphatidy!-
ethanolamine (n-9) increased microsomal membrane phosphatidylethanol-
amine .1~8:1 content 2-fold (Table 8.2). Liposomes.containing phosphatidyl-
ethanolamine tich in 22:5(6) (n-6) increased membirane phcsphatidylethanol-
amine 22:5(6) content by 40% (Table 8.2). - Incorporation of. a 22:6(3)-rich
fraCtion of .brain bhosphatidyiethanolamine into liposomes (n-3) did not

increase membrane phosphatldylethanolamine content of 22: 6(3) (Table 8.2).

‘Data from only one replicate is availabie for the n-3 treatment because of”

tec_t_lnlcal.difﬂcuities in purifying large amounts of pure phosphatidylgthanol-
amine enriched in 22:6(3). Response to modulation .of membrane phosphatidyl-

ethanolamine by‘ n-9, n-6,-and n-3 treatments appears to differ, sUggesting a

| preference of the NSPLEP_for ‘speci’es‘.of phosphatidyiethanolamine_. The 1er

transfer of Ephosphatidyiethanolamin_e, or phosphatidylethanolamine species,

from liposomal particles into microsomes may ‘also be influenced by the
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asymmetrlc dlstrlbutlon of phospnoliplds in the \m‘lcrosomal membrane bilayer

_(I.e.,,availability of phosphatidyletnanclamlne for interaction with liposomal ..
lpid). | - | |
| Changes in fatty-acid composition observed for me.mbrane
‘phosphatidylcﬁoline‘ are the same for all treafmen'ts (n-9, n-6, and 'n-3) and for
| incubation times of 30-120 minutés (d‘"ata not shown). Changes i‘n microsomal -
phosphatidylcholine compaosition are consistent wnth the net transfér of ‘egg
phosphatidylicholine from liposomes (decreased 16 0 and 20:4(6) and‘
increased 18:2(6); Table 8.2). The 50% increase in membrane 22:5(6) and
. 55% decrease in 22: 6(3) for phosphatidylicholine buggests some preferentlal
| exchange of phospholupld'may be occurring. The reciprocal control of*
. membrane;22:5(6) and 22:6(3) previously observed in vivo (Matheson et af’,
1981; Chapters IV and Vii) is also observed .in this in vitro system.

Membrane ».‘chcsphatidylcholine content is increased fn micresomal
membrane after incubation with liposcmes (Figure 8.1). The increase in: '
phosphatldylcholme phosphatldylethanolamlne ratio presumably results from
the 4:1 ratio of phosphatudylcholme phosphatndylethanolamme present m'-
J Iiposomes This would theoretically favor a net transfer of phosphatldylchollne
_ from liposomes to mlcrosomal membrane Lipos'om'al lipid is present ar
apﬁqqadmately 40-fold hlgher Ievels than microsomal membrane phospholipid,
SO membrane phosphatidylethanolamine would not.be expected to transfer jo
liposomal vesicles. ' _

" The NSPLEP used can also exchange cholesterol. No cholesterol was
present in the liposomal preparation, so-we may expti net transfer of

. cholesterol out of the membrane.

4

e
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Et‘tects on phosphatidylchollne bulosynthe.sls' ,

Phosphatidylcholine biosynthesis -via the CDP-choline pathway is
~ depressed in response to incubation at 37°C for up to-2 hours; PEMT activity Is
not aftected (Table 8.3; Control). The depression in phosphochoiinetransierase
~ activity may relate to changes in membrane composition (Table 8.2; Control) or
to destruction of enzyme action resulting from the prOcedure Comparisons for
'ytreatment offect on Z‘enzyme activity wiII be made with refesence to Control
values (incubation; no treatment). ' '

‘ ‘Increased oontent of membrane phosphatidylethantuamine 18:1 Is" |
" associated with the depressed synthesis of phosphatidylcholine via the CDP-
choline- pathway (p < 0.05.: 'i'able 8.3, n-9). lncreased phosphatidylethanol
amine content ot 22:5(6) has a more pronounced effect (Table 8. 3; n-6). The
n-6 treatment also had the greatest effect on the PEM# pathway, signiticantly
increasing activity (p <0. 05 Table 8.3, n-6). Liposomes containing 22: 6(3) did
| not affect membrane phosphatidylethanolamine fatty-acid composmon (Table
8.2; n-3). This treatment also had no effect on PEM1: activity but did depress
synthesis .of phosphatidylcholine via the. CDP choline pathway (Table 8.3;
n-3). Depressed phosphocholinetransierase activity may relate to an
mcreased membrane content of phosphatidylcholrne (elevated PC:PE ratio; |
Figure 8 1). Compansons between Control and treatment levels of activity
,suggesﬁthat 1) PEMT activuty responds to the nature of phosphatidylethanol-
. amine specues, present in -the‘membrane (this has.been demonstrated in wvo, 4
Chapter V) and 2) 'phosphochoiinetransferase may respond to both l'fre‘mbranem.
) content of phosphatidylcholine (as suggested by n-3 treatment) and membrane
phospholrpid composition (treatment effect, Tabie 8.3, in v:vo data, Chapters Vi _.
and VII). Co-ordinate_control of CDP-choline and PEMT pathways for

phosphattdyichollne bmsynthesrs is demonstrated in the liposomal model



- | L - 119

i

Table 8.3 : )
Phosphatidyicholine blosynthetic activity - o
Treatment CDP-choline PEMT
nmol PC/mg protein/10 minutes  pmol product methylated/

| mg protein/30 minutes
MIC  (3) . 5011006 2.40 1 0.52ab
Control (12) 4.56 + (.32a . 2.3410.362
n-9 (8) - . 2.91+0.610 : ~ 2.63+0.602
n-6 (8) 2.24 £ 0.56¢ 3.42 £ 0.96b
-3 (1) /228 b 225 | @

Phosphatidyicholine blosynthesis was measureddp microsomal membrane att = 0 (MIC); after 30-120

. minutes Incubation (Control; no treatment); or aftér incubation with liposomes containing 20% (w/w) dioleoyl
(n-9), testiculdt (n-6) or brain (n-3) phosphatidylethanolaming. PEMT activity represents pmoles-of
phosphatidyl monomethy! + dimethy! + trimethy! (phosphatidyleholine) ethanolamine produced; CDP-choline
activity represents phosphocholinetransferase. activily, -

Values represent means + S.D. (n).= number of repiicateén, Vitlues without acommon superscript are
significantly different at p < 0.05 for comparisons between treatments.

.

MIiC éomm n-9 n-6 n-3
(3) (1) (8) (8) (1)

Figure 8.1. Microsomal membrane. PC:PE ratio: response to

liposomal treatment

Microsomal membrane was incubated at 37°C for 30-120 minutes inthe presence of

NSPLEP and llﬁosomos containing 20% (w/w) dioleoyl (n-8); testicular (n-6) or brain (n-
- 3) phosphatidylethanolamine. Membrane Phespholipid content was determined by -

quantitative GLC using C19:0 as an external standard.

PC = phosphatidyicholine; PE = phosphatidylethanolamine; MIC = microsomal

membrane, t = 0; Control = microsomal membrane after incubation (no treatment).

Values without a common superscript are significantly ditferent at p < 0.05. Values

represent means + S.D. (n) = number of replicates. . : )

-~

»

-
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. system ribed, and is consistent with in vivo observatlons of thls

phenon?en‘ oh (Chapter Vil). This supports the hypothesis that dietary control 01
~ phosphatidylcholine biosynthesis is in response to changes in membrane
phosﬁﬁbupid fatty-acid composition resulting from the nature of dietary fatty

. acids fed.

‘ Summary
1. The Iiposome modelvdescribed can be used to modify membrane,
phosphaﬁdylethanolamine but not lndependently of changes in
content and composmon of other membrane phospholipids.
2. Modification of membrane phosphohp|ds in response to llposome '
treatment modulates ph‘osphocholmetransferase and PEMT activity. |
3. Increased content of membrane phosphatldylethanolamme 22:5(6)
stimulates phosphatldylchohne b:osynthesns via the PEMT pathway.
4. CDP-choline and PEMT pathways of phosphatldylcholine
biosy‘ntheeis are co-ordinately controlled in response to liposomal

o

modulation of membrane phospholipid. . (

—



Chapter IX.
‘Summary

The hypotheses tested in this thesis can be summarized as follows:

—r

. Diets providing a high n-6/n-3 ratio of fatty acids lncreas‘S{:{r:brane ‘

. Increased synthesis of phosphatldylcholine \Sia the PEMT palthway is

~accompanied by a-decrease in phosphatldylcholme synthes'

e

content of polyunsaturated species of phosphatidylethanolz ine in

brdk\rnicr'osomal and synaptic plasma membranes.

. Increased membrane content of phosphatidylethanolamine species

rich Tn polyunsaturatea fatty acids provides preferred substrate for |

‘ methyltransferases and causes increased synthesis of phosphatidyl-

choline via the PEMT pathway.

via the

. CDP-choline pathway, as measured by the lipid-dependent enzyme

1

phosphocholunetran\lerase

These hypotheses have been verified in that:

Diet fat has been shown t(f mﬂugnce phosphatldylethanolamlne
composition in microsomal and.synaptic plasma membrane of brain

(Chapter IV). Specifically, increasing diet fat n-6/n-3 ratio produces

~ an increase in microsomal and synaptic plasma memuvrane n-6/n-3

fatty acid ratio in phosphatidylethanolamine, The n-6 fatty acids
affected include 20:4, 22:4 and 22:5. The largest effect on n-3 fatty
acids is expressed in rne'mbrane levels of 22:6. Membrane content of
phosphatidyletnanolamine speciee containing 1,4,0r6 double bonds

and . the ratio of 22: 5(6)/22 6(3) in phosphatldylethanolamme

,contammg 4-6 double bonds is also affected by the fatty acid

composition of diet fat.

121
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2. Activity of the PEMT pathway :*i”or phosphatidylchollne biosynthesis
correlates with merﬁbrane pﬁosphatidylethanolamlne content of long-
chain polyunsaturated n-6 and n-3 homologues (Chapter V).
Specifically, increased’:ieveis of PEMT activity are associated with
increased memb’rane phosphatidyiethanoiamlne 22:5(6) and
increased n-6/n- 3 ratio. Decreased activrt@ciated with
increased membrane content of 22 6(3). T \ 1

3 Conditions stlmuiating PEMT activity (increased n- 6/n 3 ratio and

; mcreaseq 22:5(6) content in” phosphatidylethanolamine) are |
associated with décreased ghosphocholinetransferase -activity of the
CDP-choiirie pathway in both mierosomal and synaptic plasma
rriembranes, suggesting that the mechanism ior regulation  of
phosphatidylch&{ne bioeynthesis via CDP-choline and PEMT
pathways is co-ordinated under cond‘itions of normal physMlogic
change: such as altered die;t:“f;t“composition. It is “propqsed that
co-ordinated reguiation oivphosphatidylcholine biosynthesis via
PEMT and CDP-choline pathways may involve:

- i Local increases in_ polyunsaturated species of-phosphatidyi-
c;holirie resulting from incleased PEMT activity may alter the
conformation of phosphochoiinetransferase, such that activity is -
decreased. ‘ u |

ii. Increased ‘activity of"'methyltrar-i‘sferases of the PEMT pathway
necessitates i_ncreased usg of methyl Qg’rqups. If reguletior; oi

' phosphoeholinetransfe:rase activity depgnds either éirectly

| (niethyiation of an eciive site has not been shown) or indirectly on
protein. methylation, this could result in depressed 'CbP-choiine

. activity. S-adenosylmethionine has been shown to inhibit '

A



; ethanolamlnephosphate cytrdylyltrangferase (Plantavrd et al., .
'- 1976) the. authors suggested thrs was- due to non enzym‘atrc“""
: methylatlon of ethanolamrnephosphate cytrdylyltransferase ﬂ,,
: ui Phosphatldylethanolamrne synthesrs may be sJ ted as o
membrane phosphatrdylethanolamme is converted o phosp.@- .
tldylcholme, and ‘flrp-ﬂopped’ to-the external srde of the membrane |
It has net been- defrnltrvely shown that phosphochollnetransferase o
and ethanolamlnephosphotransferasewlstrnct enzymes lf a
\ sungle phosphotransferase is responsnble for t‘p\e tormatron of both 3
o phosphatrdylcbolme and phosphatldylethanolamme stlmulatron of ‘
‘:ﬂj;the actrve slte for ODP ethanolamme may depress acceptance of
.-CDP- cholrne as substrate lf the cholme “and ethanolamme :
phosphotransferases are distinct,. as suggested byf“ recent reports =
B ‘of enzyme punflcatron they may resrde in close proxrmlty in they-
| membrane, and therefore exert a srmrlar regulated co ordlnatlon e
.These potentlal mechamsms for change |n actrvrty merlt"
RV mvestlgatlon - , e -
errtrng chollne avarlabrllty for the CDP-cholme pathway (Thompson ot
l 1969 Schnelder and Vance 1978) or mhrbltrng the. methylatlon reactlon ofy O
*the PEMT pathway (Pntchard et al., 1982) results -n an rncrease in phospha-' |
trdylcholme productron vra the . alternate route As suggested ln r - m above E

_'-thrs may be' a dlrect eftect of substrate avarlabrlrty at the actrve srte ot the' -

enzyme or may relate to changeSA7 in’ membrane phospholrprd composrtron

- affecting the conformatron of the enzyme rn the membrane the manner with
- ;thrch the enzyme mteracts wrth substrate or mtegratron of several enzyme )
*"acttons (e.g., methyltransferase [ and I; cytldylyltransferase and phospho- v

::cholrnetransterase) o

kA
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e

| -3 regulatory mechanism ,ontrollmg the contnbution ot phosphatldyl-‘
: ‘cholme synthesmed vra the PEM pathway (umquely polyunsaturated. wlth a ‘
- raptd rate of turnover) and via the CDP cholme pathway (major route of |
:synthesrs) supports the hypothesrs that parttcular pools of phosphatldylchollne
-(wnh deflned tatty acid composrtlon have tuncttonal as well as structural roles

In braln trssue the mtegrrty of membrane structure |s tundament?l for

v‘nerve |mpulse propagatron (ion channels" neurotransmnter reqgptors) and -

o 'theretore communlcatron between drfferent reglons of the brain, central and

. rperrpheral nervous syétems for sensory, motor and higher cortlcal functions .

.Phosphatldylchollne content and composntron ot brain tlSSUB is of partrcular

R mterest because 1) rt |s the major phosphohpid in brain membranes and 2) it

g may provude a source of cholme for acetylchollne synthesis. The abillty to alter
}' brarn membrane phospholrpld composutron by the nature of diet tat composrtlon
: »vfed isan |mportant consrderatron for 1) braln development 2) braln aglng, and
'_3) degeneratrve changes occumng in bram trssue Lo |

o The phosphollprd composrtron of bram membranes has been shown to-
be altered w:thm a relatively short period of time (24 days Foot et al 1982 thls
~thesrs) and the changes rnduced are oontrolled as measured by adaptive‘ |
" responses m phosphocholrnetransferase and PEMT . actrvnty These"
o observatrons suggest bratn membranes are in a dynamtc state of change :
'respondmg to exogenous factors such as diet, whrch may rntluence the rate of
"~‘phosphollp|d synth;i:—}atlo of membrane phospholipids; phospholrpld fatty" |
n;

acid co' hospholipid degradation and tJrnover Stlmulatmg _

‘synthe"rs of phosphatrdylcholme vra the PEMT pathway may thus have
g.srgmflcant functronalvrmpllcatrons For example an rncreased pool ot‘
polyunsaturated phosphatrdyloholrne sp&cnes with mcreased rate of turnover .

may atfect chollnergrc nerve. functlon at nerve t rmrnals
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'Future Reysearch :

The co- ordmate control of phosphatldylcholme biosynthésis ‘in vivo |
(under normal physrologlc condmons by two drstmct pathways that are
beheved to’ have functlonal as well as- structural roles) is excmng and warrants
further investlgatron Co ordmated control of: phosphatrdylchollne blosyntheS|s
- by diet- fat composmon has been shown for bram mrcrdsomal and synaptrc
| ,”plasma membrane and for mtestlnal brush border membrane (Chapter Vii).
The effect of dlet fat content on fhls mechanlsm the effect in young versus adult
or aged animals; and the effect in- second generatlon ammals and early '
exposure/re- exposure models are areas meritrng future research.

‘The controversy over one or two methyltransferases of the PEMT
p'athway (Mato et al, 1984) and dlfferent % contnbutron of the PEMT pathway ,.
~ to phosphatldylcholme synthesus in dlfferent tissues (Colard and Breton, 1981)
- wand ammal specres (Mogelson and Sobel, 1981) suggests the control
'&‘mechanlsms may not be- umversal between ttssue types and animal specues
| This may relat%for example to hormonal factors (Mato and Alemany, 1983) or
~to some as yet unldentlfled factor In liver, the PEMT pathway hasrbeen i
\ hypothesized to functlon pnmanly in meetmg céllular requrrements for o
| phosphatrdylchollne (Mato and Alemany, 1983), and co- ordlnatecl control with

the CDP-choIlne pathway mamtalns steady state phosphatrdylcholnne levels
- under different metabolic condltlons via cellular cAMP and Ca2+ levels (Mato
and Alemany, 1 983; Figure 9 . "_’5:.. s "’ T
: uHormonaI control of llver phosphoglydende metabohsm via cAMP Ca2+ | _'
and proteln phosphorylatlon has also been demonstrated Vasopressm :
| (T uburg et al 1987) and nore__prne_phrme (Haagsman et al., 198_4)_|nh|brt the

incarporation of choli’ne into thSpha%dylcholine and stimulate incorporation of

e
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» | Angiotensin .~ - Ca® | 'Vésopressln .
.............. ® . ©
: Calmoduhn : . -
' ATP “Protein - ‘ '* B
=" Kinase o |
\ @ . . : Diacylglycerol ‘
Phosphatidyl: _ ppogphatidylcholine € 00
ethanolamine - . CDP- choline
sam @ ‘ |
| cTP
Protein ' g ~ P-choline |
", Kinase | | B . |
CATP S
N . ATP |® ..... _.‘.;....'. ................. .
A A
= ‘Glucagon . B-adrenergic
- . : stimulus

Figure 9.1. Effects of Caz+ ‘and cAMP on phosphatldylchollne
blosynthesis in rat hepatocytes :
, Adaptgd from Mato and- Alemany, 1983.
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ethanolamtne ‘{tto phosphatidylethanolamlne The inhlbntory effect of insulin on
glucagon stlmulated PEMT activity is consistent W|th the inhrbrtton of PEMT

phosphorylgtion (Menda and Mato, 1987) These observations suggest that
phosphaxy@tolme and phosphatidylethanolamine biosynthesis in liver are

under independent hormonal control at some pomt beyond the common

d lyceride substrate pool. Precursor supply, however has been shown to
Wiy

.‘,er-nde hormonal control of enzyme action in some crrcumstances ngh

wlevels Of\’éﬂL acids ‘can prevent the 'cAMP-induced mhrbmon of
phosphatidylcholine and tnacylglycerol synthesrs rn hepatocytes (Pelech et

l 1983b) The extent of hormonal regulatton of phosphoglycende synthesus
,-& tand turnover in brain warrants further tnvestrgatlon
.' Phosphattdylcholme is ublquttous in the body, and ‘essential for
transport of hprd in lrpoprotems Iung surfactant propemes and membrane -
structure and functron The PEMT pathway for phosphatrdylchollne synthesrs _
is the only de novo route of choline synthesus in the body (Zeisel, 1981), and
may serve as a source ot chohne for acetylcholme synthesrs at-nerve terminals
(Blustajn and Wurtman 1984; Mozzi et al., 1982). Regulation of phosphatldyl-
choline blosynthests is therefore of- great importance to- many essenttal
tunctrons in the body Of partlcular rnterest are 1) developmental penods both
intercellular {e-g., mrtochondnal membrane development in relation. to cellular
energy requrrements) and tntracellular partrcularly of organs such as the brain
which does not express regeneratlve capabilities, 2) natural aging processes,
and the effect of early eXposure to later degenerattve changes and 3) dtsease
states, parttcularly mvolvmg degeneratuve membrane changes where normal -
membrane functions are lost. | R
- Of diract interest to the data presented in thls thesus IS the ablllty to alter ,,

braln membrane structure for 1) formatton of membrane structure more reslstant =
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to insults (e. g immunological or environmental) causing, for example{
degeneration of myelin (e.g., multiple sclerosis) or chollnergic neurons (o9,
- Alzheimer's dlsease) and. 2) the potential to retard or reverse degenerative |
::hanges occurring in brain dlsease These are lmponant 1questions to be
-answered but will involve long-term expenmental protoco!s and the interactlon
of a number of areas of expertise (biochemical, pathological, and .

-

psyc'hologlcal).
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