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This thesis deals with phospholipids of marine origine. '_ :
_ﬂomhaephmlamd iig;i&a will only be dicouwsmed in a fow e
inatances, mainly for reasone of comparison. The phnapholipia.a
are rof maﬁm origin since the work was carried out while the
sriter was omployed at tha,mshing Industry Reaoarch Institute,
vnmiﬁy of Gape Town, Ronaemeh, Cape Town, South Africs.

The p")wsghoiipids of the fonaw:&ng marine products,

. Were imz;tiga%e&i

1e Hake {ﬁeﬂm@iﬁa copensis, Castelnau) -
. 2. Hook lLobster (Jasus lalendit)
3. Pilohard . (Sarding scellata, Jenyns)

‘ hes@halimds was de%emim& by o hyarslytic nlesv@é procedare
and by chromstographic techniques. Partioular emphasis will
be pluced on ‘the detection and the dotermination of the hydrolytic
oleavage produsts and & resction mechanism will be eupgestsd for
the hyarblysis of Iahosphnlimﬁﬁ with wﬁrmmoﬂa acid. Evidenco.
oduesd that the presonce of all *m.m geida - exceopt serino -
fmmﬁ 1:; yhaapholipm hydrdlysates vas duo to lipo-soluble:
lypuptide impuritiess  The oxidation of phospholipile and
mn—phaﬁphmlateﬁ lipids in the manufamm mf figh nesl has
boon exm&n&ﬂ. _ y

The thesis will be divifed into short chapters with
ypature reforences at the end of each chapter, Repetition
| of cortain rsferamas is thereforo anavoidable, but the
advantage is that each chapter may be roal ac an indepondent
seotion. T |




‘Whorever possible the modorn mothod of naming phosphoe
18pids will bo followsd, . In wertain instances,the wee of the
older: nomenclature could not bu avoidod, e.g. the word locithine
choline iz to bo pmfema to phosphatidyl. cholins-choline, In

the fellewim ta‘ble the nemos: mﬁi &ynon

me which are used in this

Phospholipids
sh%phaﬂﬂgl choline

phosphatidyl ethan@lmim}
‘phosphatidyl sorine 3

phosphatidyl inositel
Dhosphatidyl glycerol
MPM@homasi tide,
triphosphoinonitide
 sphingomyelin.. . ;
- dyso phosphatidyl choline

phopphatidio aoide

. ‘M@wgiyaampha(j Adio
cardiolipin y
palyglyearophosphaﬁiﬁe)

- - mon=phosphorylated npids
triglycerides

chsigsterol estors

. berebrogides
phosphorylcholine
phosphorylethanclanine
emyhasphm =
dnositol phosphate

© glycerylphosphorylsholine |
glycerylphosphosylothenolaning
glycerylphosphorylserine
glyserylphosphorydinsasser
sphingosylphosphorylcholine

- mono phosphotnositide

- 1yso Ioeithin
iyeo phosphatidyl ethanclanine
. plaznaiogens . ,

acotal phospholipide

- monoglyverophosphatidic acid

atylated phosphatidyl plyserol

| diphoephatidyl glsreéral

neutrsl 1ipids

sholesteryl estars

ﬁ-ghosphoethmolmine ,
- glycerophosphorit acid -

glwerapmaphmlchonm -
glycerophosphiorylethanslaning
glycerophosphorylssrine
glycerophosphoryiinositol
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The shentetry i}f phosphatidyl choline, phosphatidyl

ethanolanine, phosphatidyl sering, phosphatidyl inesitol,

Lyso-phosphatides, plasmalogens and sphingomyolins is
dictunsode

Procedures for the oxtrapition, purification and
separation of phospholipide are deseribed..

Metholis for the snalysis oF tho following phoophoiipid
conatituonts sro diccusesdy phosphorus, witrogon, choline,
othanolanine, auring, nyo-invsitel,; sphinposine, glycerol,

A brief deseription of the function, osourrense and
biogynthesis of the phospholipide is yreconteds
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PART IY - INVESTIGATIONS

2-Chlorocholine was identified as an artifact in the
hydrolysis of choline-containing phospholipids with HC1,
This substance is in all probability identical to an
unknown nitrogenous base desoribed by other workers. -

A gonsitive method for the miorodetermination of
choline (0,1 - 3 /. moles) was developed. Choline is
precipitated as the insoluble phosphomolybdate, the excess
phosphomolybdio mcid is carefully removed and phosphorus
deternined spectrophotometrically in the precipitate by
reduotion to molybdenum blus, Compounds capable of forming
insoluble phosphomolybdates interfere. Interference of
ammonia can be prevented by the addition of formaldehyde.

It is shown that the presence of all amino apids =
oexcept serine ~ in a phospholipid hydrolysate was dus to
the presence of polypeptide impurities,’ The presence of
many amino acids detscted by other workers in phospholipid
hydrolysates can probably be explained in the same waye.

The composition of the hake flesh and hake liver
phospholipids was determined by an hydrolytio procedure
and by chrometography on silicic acid. The hydrolytic
procedure involved determination of lecithin-choline,
sphingomyelin-choline, lyso lecithin-choline, ethanolamine,
gerine, myo-inositol and the average equivalent welght of
the liberated fatty acide. The composition of the flesh
and liver phospholipide was very similar, the latter
contained.more sphingonyelins and cardiolipins at the
oxpenso of phosphatidyl choline. Phoppholipid fatty acids
had & markedly higher equivalent weight and unsaturation
than the corresponding non-phosphorylated lipid fatty aoids.
The cophalin fraotions contained more long chain poly-
unsaturated (022 ond higher) fatty acids, more stearic acid
(018,0) and less palmitic asid (01630) than the phosphatidyl
choline fraotions. Sphingomyelins were particularly rich

~ in lignoceric (C,,,,) and nervenic (Cyyyy) eoide
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The progrons of the ozifation of phogpheiipids andl none
zi&msp}zmlaw& Yipide in the menofasturing peosoos of pilchurd
mosl wes ozaminots It was shoun that pilchard phospholipids
widsend ‘I:a n covtoin oxtont in the drying procoss, “but
& tovery destrustion of phospholipid and non-phosphoryinted
ﬁgﬁ& fobty soids took plase on storpze of the moel b woon
Ce - Fhospholipid oxidation could beo determined hy

avsrane wnsnturation of the fatty amms, at
mﬁa’.’;ly #eil by the droy in fme anino ﬁa%mgma

Spall gumbities {w 3 ng) of phos; wyl eholind
freotions vore mgamxa of stabilizing o supdrophursbed

seotiure for the estimation of cphingeupelin ves
vy sphingomyeiin-choling,

Tho progress of the hyfrel) 1
Tl o< =gophalin and gphﬁ,nmalm ﬂi-&h 2 W HCZ ot i’aﬁﬁ o

. dwvectisatods Tho h;yamwm ymc’tm%m giyoorephoophutoy

phosphorylcholing, phospizmlethammm and imrgaﬁia
phorphoto wore doterminod af {ntorvals. Byirolysis o
Plow X wGoeithin it Disw X maaphalin procosds of
Initially no irorganic phonphete is diborated and Ewm
ﬁ.smdh 4eltan plese dn owh & manner that 84% of tho
phosphorus renging ostorified  to the glycorsl wolety
(gxyaﬁr@hamaﬁa} anft 36% %6 the cholims moloty {phospho:
sholina)s . In the hydrolysis of sphingonyclin izmrgamm
phoephste ie aloo not fommod initialiy, bub phosphorns
romaine ogteriTisd profoningntly, i not sxslunively, to the
@mﬁm noietye TFrom 4ho dats cbisinofl a rougction mothenien
ic supposted for o poid hyleolysin of the ehovementioned

The strasture of "Conples! phoepheYipide &p doperibed
fn the Itersiurs is chellompeds A pyrophosphate lrkage
instosd of o phonphato trioator group ia poptulsted to be

progsnt in thess conpounde:




- 1% chould be noted t}mt the nams. phosphatidyl bas a
'apaeiﬁa nhemieai neaning, and. should not he mﬁm& mth
phosphoryl. Stmturea ore shm belnw.

em000R. 7 omeom

o, 0F0- R

phosphatidyl  phosphoyl . glycorylphosphoryl

. Barly work on tho lipids of South African marine products
 was cerried out at the University of Cape Town by Rapson, Schwarts

- end athém; ‘I‘"hi.s wark, which is publi«shaa in 29 @aﬁem of %ha
Jownnl of the Society of ﬁhamaal Industry {se8 0.g. Karnoveky,
Lategany Rapson and. Sehwaz‘te 1y ant 4 papers in the Journal of !i'ha
 Betence of E‘m and & --:ien:ttuz-e {co0 €.pge DLigtholn, Hovellio, Sehwarte
and won Holdt® ), deals mainly with the oil yields and seasonal
?ariaﬁans in the &iﬁarem kinde of fish. Intorest was Pooussed
‘pmiamlari? on the Vitamin A azié. D eontont . of the liver oils. o
znalysos of tho phasyhan@iﬁs were yeportod. . The phosphorus

content of snosk (%yxsitea atun,. Euphr.) Iivey snd intestinal

163 and vook lobstor {Sasus lalandii) gonad oile® wéve found .

t;e extmaw mga, inﬂ.iaa,ting a rich smme of phospmhpi&m

%@ fatty aoid composition of the Iipixig wae aatamimﬂ by the
mmmm mmzm astor fraatﬁ.enation %achnique@o o

‘ Suheequent work’ on the analysis of Scuth African fieh
oils was carried out in the lsborstories of the Counoil for
Scientific and Industrial Research, Protoria, by Sutton, B3k,
Sophton zind others, These investigstions wore of a more fundp-
mentsl nature sud procice fractionation of pilchard (Sardina
scelinta, Jeryne) o1l fatty ecide wes avcomplichod by a sequence
of lithivm goap — acotone mp&ra;tian; uren somplex fractionstion,
molecular 45stilletion and vevorced phase pmitiun ohromatoaraphye
A sunmary of this mrk gppesred in "Bosential fatty aaaids“g
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| In 1962 investigations on the phospholipids of
marine origin were storted at the Fishing Industry Romearch
Iﬁatitutﬁ as a reault of the stulies by Hilkens and Ernﬁﬁ
wWhich show that human sorwn phospholipids, im particuler the
Iecithin Praotiony are capable of stobilicing o suporsaturated
 solution of sholestorel in & triglyceride oil, ~This
ewacteﬁsﬁc of lecithiﬁa may %e of importance in the study
- of iaahaenia hosrt diseasy,
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Ehagphalipﬁs can e brogdly ama;e@ mm g‘zymr@n
phosphatides and ﬂpﬁiﬁg&ﬁm&m Phe Pirst class of compoundy
sonkaing glyvervl, the sscond clase econtoing sphingasine #in the
Qomon units ‘

2 frast to the trigiyeerides, which vontain tiweo
Petily aoids aaﬁeriﬁﬁ& with glycerol; the glyeerophosphatides
posgenn twe fatty aoido and one ym@mm aedid noleoule
suterified with gl;vagmlo

o1 CLYCIROPES

The mmmmmmw AcLoS (I} have btoen extractos from
animal end plank tia‘“:jf"i' ;
Sugs Hibuoher and Clonk® _
jsolated thone Ripids from

animal Yivors and Hanshen
Chaikofes from cabbage

, ot The 3&% maxﬁ:ﬁ.mmﬁ

mﬁ:hem hgve sugponiod that

those myawﬁﬁ may e o

vfe.%a dub o the m?same of

. , - : G orizyny w’iﬁeh iz ﬁapahiﬁ of
apiitiing choline from ﬁ'"‘*’;,hﬂﬁi&g‘i choline, This enmy '19 which '
i ghazp};ﬁliyma p+3 (pmggphabiamuwﬂme weapmﬁda tigrdrol ;
3 gl oapable of aplmting othantlaning md gepine *ﬁ'ﬂm phosphigs
%‘L&g& athunotening snl phosphntidyl sorine respoctiwely 1
Dostroying the mmym Yy wemmm oF the fresh plant tissues with
oteen befors oxtrastion of the ph
enmvunt of fahoﬂpha.ﬁdic T AM neturally ccowsring phoaphie
#1046 apide probubly possess the Ie ot watipetura, Thio statenant
w1l be @mp‘nﬂm :m o diponscion of Wsp&aﬁﬂg}: ﬁﬁaﬁma
Tho syntheste of of and [0 phosphattdic apide hay beon
by tréa’tmzﬂ; of the spproprinte K p and oL 5 ¥ At
3 ‘ﬁham‘m ( (m)ﬁ,@mw in the mmwe af
tie hydroponntion ever o Pefactive € ﬂaﬁtalyat ‘
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msmo(..smcxmmasrmwmm ABTDS (n) have bosn propared
by Baer6 and bige ﬁ»gﬂyeeru«-
GEQ%QBGR >GH§~G@‘(3§E | phosphatidic aoids by van
I A l L Gyzen, Hoofnapel and Verkado!
Tﬁ: <~00CR . Tﬂ ~-00CR ~ in escentially the name way,
T , ' i.60 by troatmont of the
Ciye0=l =0~ cHa ’ ' appropriate. digiyceride with
- o pheryl dichlorophosphate '
'(Phﬂ.i?wig) in the presence
of pyridine followed by
entalytic remml of the
. phenyl group. Theoo com~
~ pounds hevey ot least to our knowledgge, not hoon :molatad from
na,tmal proﬁacts. '

b o
BIS~ ({ ~OLYCEROPHOSPRATIDIC ACID

Bifw (7( —glyoerophosphatidic aoids san be considered as
» o . acylated derivatives of
?Hfg@cﬂ ’ :fn?on | phosphatidyl glycerol (III),
CH -O00R tHoR - The lgtter cubstance has
| o ‘ besn igolated from bacteria
CH, = 6 P = 0 = OIf anl spinach leavos's

Ol

Iz
o{ ~PHOSPHATIDYL CLYCEROL

CARDIOLIPIN (IV) « a complex phosphatidic asid which
is probadly n diphosphatidyl glyocsrol =~ was izolated by
Panghorn® from ox-heart muscle and shown to be the active
constituont in the Wascermann roastion of syphilitic serum.
Different kinds of structures have boen suggested for this
substance by Pangbors Q, Mecfariane and Grayn and also Paure amdi
Hloreloo-Conlon'2, The latest stracture proposed by the last two
teams of investigators ie ohown below {I7),

. o

: on CH-00CR
O <O0CR . CR-OH T
Gif. =O0CR
o 2
on, - 0-P-0-cH,
on

’ iy
CARDIOLIPIN

Phosphatidyl inosital and phosphatmyi pering are aiso

g BB e Wl awma mal Y ok s R D A ecan M A o o how e Ly w
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o~ | HOSCR,CH, %‘r(esg%

e S -
o ~PROSPRATIDIL CHOLING CHOLINE

PHOSPHATIDYL CHOLINE or iecithin (V) cax o
considoved ae the choline oster of 2 m@awhﬁﬁghaﬁi@i@ asidy’
Gholine is sn glookol and @ quatornsry wmonivm conpound (VI).
'I% shovld bo noted that choline is linked in ostor i’amﬁ%wa
%0 the phosphatidic aoidy wesstion in vitro Of o phosphatidic
axsid ;szii:ix anw pesnlts in the formation of & salt imﬂ:&aﬁ
Jine, having an apid and o basio
‘ - moutrals In solution
s o Mlmitter™ ion struoturs, siniler

phasphatiﬁy‘l sholino aai

o the aming aﬁiﬁﬁo

Soversl isomors of gheapbg%ﬁﬁ choling may b
onvisagode  In the Tiret plane KX« omd (O ~compounds Gopending
on vhethor the phosphorylcholine geoup o 1inked to tho oK « or
‘ﬁm ﬁwearm aton of glycorcls In the sooond plase two
somors  in the o = peries dus o the prosoncs of the
bial asymmotric oarbon atome  {In order o ?aail&taw 4o
i""ﬁn ﬂw g i f&‘&%# #oid noleticy nro tonmidered 2
i&eﬂtmﬁ,) The oprly Iiterature eontainy meny reforenses
. 4ho progente of K = gl P wphonphatidyl chdlmeu i
ovidonss is lorgely Dased on the finding of both o< - gnl > -
giysorophoophats (VI and VIIL) 4n acid and alkeline }xy&rcﬂy«
gator of naturslly coourping phosphotidos. It wes, however,
shomn by Tesllg® and by Verkedo, Stoppelenbung and Conenl?
that o = gni /> =glycerophosphate ave interconvertibie in |
apid meliun. In hot apid meliun an equilibrium mizbure of 85t

A - ond 155 [5 wglycoraphosphtte is obtainsts




»' na-on - Tnz-on | | Ic:32-02
I}
CH~0H = cmo " ' om > CB-0-p-08
| ﬁ’ H ) /P\ or - B \ OB
OB, ~0-P~0H - OH,=0 CH,~0H
OH - |
73 SE | I
X GLYCEROPHOSPHATE - F’ ~GLYCEROPHOSPHATE

The conversion tubs place with a cyclio phosphate diester as
an interasdiate subatanoce,

In alkaline medium the situation is differsnt, in that
the monoesters of phosphoric acid, e.g. 0/ - and F’ ~glycero-
phosphate’? ant X = and (3 ~giycerophatidic a01d4 do not show
. sny migration. Bowever, when sudbjecting diesters of phosphoric
acid, e.g. phosphatidyl choline, phosphatidyl etbanoclssine or
glyocerylphosphorylcholine to alkaline hydrolysis migration does
cooury an equilibtrium mizture of 45% <X - and 55% (O =glycerophos—
phate is finally o‘btnim&m’n. In short, the pressnce or
abssnce of ({ = amd (3 ~phosphatidyl cholime cannot be concluded
from the results of the aoid or alkaline hydrolysis studies.

A golution for this prodlem is immediately spparent.
As ‘has been said, phomphatidic acids do not ahow migration in
alkalins medivm, I thersfore a phosphatidyl choline (or any
glycerophosphatide) is converted into a phosphatidic eoid without
sltering its strooture (e.g. by means of phospholipase D) the
asonfiguration of the glycerophosphate obtained after alkeline
bhydrolysis is idsntical to that of the original phosphatidyl
cholins. This principle has been applisd by long and H.guinm
to egg phosphatidyl choline, which was shown to possess the
L~ (A -configuration. Similarly, Haverkate and van Desnen™® |
demonstrated that naturally oocurring phosphatidyl glycerol (III)
‘belongs to the L- K =series.



 avd woysbean hetthin and ox-brain cephalim, It -

. A mtm-ul phonpﬁ;ﬂdyl oheline examined by Basr amﬂ -
Eatoa’ 19 yas identionl (olmntm sompoeition, melting wint,
solahuity, Xersy diffrastion pattern sad q:ticnl mtatmn) T ,

%0 B mﬂmtw I O( wphosphatidyl choline, In aﬂ&iﬁon, Long h
- and Heguire'® have shown the L A~ configuration of aetwheart |

" therefore that nstursl phosphatides belong gmmiwﬂy w the
b= « 2 ﬁmiu&w -avidsnce for the abzence ef I}- <
. w /3' mm&tiass is however otill Iadkim {of, Veria 26).

_ It seons daaimh to add a short &imak&n to tl»
stersovhemistry of the phosphatides, Baer ani Kates') have
'mgguntta a8 & emntion to use D X —gmtmlphozpkml- _
choline as the mfermm compound for the stersochemival =
" olsssification of the phosphatides. D- -giyee:-yzpmmnrﬂ-
ahoﬁ.m is- mhm to E—gm.mza:m in the manner ahm o
mwi; that is the ca!‘bon atom mt uma to the phmhoml-
oholine miety aam ms tha getmtial cn‘bawz araup (m ﬂ.un '
.?isksr awl Ea#r ). N

om0’
P
~GH-0B

e

T ‘i’ha mﬁaﬁt& clmiﬁeaticn is reached i tho L
:aommnaing D o( /3 -&igmanﬂ' 18 tsken as the rofmme
- pompound, sincs in the olassification of diglyceri ‘
 oarbon atom with the froe hydroxyl group = L.8. aommnding

to the oarbon atom ma to the phosph '_rylchnlm mife‘ey '
serves as the potential carbomyl grows . This is clerl;
demonstrated in the synthesis of L= o —phosphatidyl eka‘nm by
Banr and Eatesl?, where the starting material is De of [3) -
diglyoerite {X1) (see delow).
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o Only two typical methods of lsoithin synthosis will
be giﬁn, for an athative literature curvey of phuyhnti&a
' 'synmﬂa noe Verikale 29

_ Basx and Kates'? aynthestasd an Im o ~phosp
vholine in the following mannerd

.k B |

S pyridine
CH~0H o

D= K, [ <DIGLYCERIDE

uﬂ%ﬂ

' BG@M&

1= o —rHosPRATIOYL OROLINE

: A= X, (b diglyceride was treated with one 2
oquz ralent of yhozwl Mnhleropm@hm in the presence or m&éim.
The reaption profuct was treatsd with choline Shioride -_'_ rain in
ﬂm pressnce of pyr dins and the phenyl group mm& by aatalytic
ydrogenntion. (m labordous purification provedurs with |
| ‘amunim reineckats eto. has besn onitted for the sske of clarify.)

. "'Ehis mthonin has ﬂw msﬁmﬁm that mwitama a eortain

" amount of die= X ~phosphatidic eotd is formed as by-pre
* under phosphatidic acids) and also the method is net mucam, to
ﬁ" proparation of compounds Mﬁmag unsaturated Tatty acide.
. ¥Bgl, e Hame and van Deonen 2 used L= K wglyosrylphosphory
| __Fhf"lim {XI113 as the a‘karting compound for the sy s

- ] A e e N N T N T T T .




| CBy-0-P-0-08,0,N(cH,),

B

o
Le O( ~PHOSPRATIOIL ﬁﬂﬁwm

. The firet um, which is obvious, involves ths

, 'mmtzon with an soyl ohlorides The secoond step, i.e. tmamont

| »*umn & nized oaﬁon»a:mn exchange reaisi is necessary in order to
'-mmm ionic hy-proi mts. Lyso yhospham.dyl %nlmy which is

. also formed in the maeﬁan, ts renoved by Shivustograph
. .an:m:’m asid, '

,. :Q;.amm othamlmim (wlmim), and Pzasrmwmx. mm (mr)
' ~ the amino acid serine as the nitrogenm componsnt. “E‘h%au
two ompm&a are eloaexy ulam. : L
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In the eurly phospholipid work the ¢
the alcohol inmoluble sion of ¢ >apholipida in contrast
45 the locithine shich dre soludle in alcc’}ml. Originally
~ ‘othanolanine was considered to be the only base of the cephalingy
Folek end Schneider>>, however, demonstrated tho prosence of
l=gorine in 4o vephalins. Recently, many workers have described
tha presonce of & large variety of amino avide in phospholipids
{not the cophalin fraption in particular) but these compounds ave
probedly lipo-soluble impurities in many instances™te The
Yiologiecal mlaﬂﬁashﬁ.y botweon ethanolaming and cholino Bas been
demonstrated by Stotten®o, Hethylation by for instenoe nethionine
Sonverty. athmimim into choline. lLeserine asoto as a
precurgor of sthanolamine and oan be eonwr%ea into the latter by

decarboxylationcs,

phosphatidyl sorine g similar %o tha% of phasgha‘&myl ahaline:
The prosonce of two asymmetric caibon atons in zﬂmsphaﬁ&yi
oerine loads do the pésﬁi‘bﬂity of &iaa%mﬁmﬁm {two vota
of #p%i%l jwomers)., L ang dre 16 proved 'the b K -
teaﬁgnmtim of @n ozt :eain mia.ﬁn, mns&eﬁng noinly of
phosphatidyl ethanolgnine gnd pho :‘j““:__tiayl sorine. Several
meﬁmﬁa for the amthasia of phosphatidyi etmlwﬁm and

- phosphatidyl serine are known in the literature {see e.g.

VGMZ ) »
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1,4 PHOSPEATIDYL INOSITOL

| PHOSPEATIDYL INOSITOL contains myo-inositol esterified
with the phosphoric acid moleculs.

CH~00CR |

Paespmxnn THOSTIOL

}Eyo-dz.nositoi wae first isolated from banter:ial
| phospholipids by Andersor>l.  Subsequently myo=inositol was
‘discovered in phospholipids from many other sources, Inositol
- {noxuhydrozycyciohexans) ocours in 8 isomeric forms, one of
which is asymmetzic and consists therefors of two optical
joomers. The abbrevisted structures of all possi‘ble inomers
ually draw
for tho sake af‘ conveniernce, but it should be roalised tha,t
4he structure of inositol is better represented by 2 nonoplanar
ring, tonsisting of 2 conformations =~ chair and boat - |
which are readily 1ntercanvert1ble {cf. Angyel and Mersonzg);-.

Strustures_of inositol
Eaﬂh aumber éemtes an h?&reﬂl group,
above or below the planar carbon ring.

ois epi allo noo

356
myo muso seyllo dextro(+) levo(-)

756




: ﬁ@gﬁu% in aaa&»gw»g ﬁwﬁw ﬁggﬂaﬁm In &g %ﬁm&&,
sm% on fich ewamwgwuﬁwmm Anonitol wae fgolateds
 The bdrilliont stulies of wmn.mg @«& gﬁwgawgﬁmw have

. whown that in yhosphatidyl wﬁ%ﬁ& of natursl origin the
| ﬁ.womwm%a muaﬁww in Zinked %o amﬂ.ﬁg @g, M bm, am.aimﬂaww&awo

éﬁﬁwm%&ma the wmme gwwg wow ﬁwa Yoo onld
Myii-di : phute: are amﬁ@mww%

ﬁw,, .wg%wwﬂw @w&%ﬁwﬂ&m& ﬁwmagm&wéﬁq :
%%.Ewmuﬁ.«waﬁ tolran place. | - oo b e

. $ They : .wwm wﬂa&wa& Wygm&www obte
ord, £ron w T ,Qw orad Ew = Jinkep

active phosphate.  In the socond ) &@w %wﬂuﬁ@ﬁg .
it , b 0 il am,uwa%ﬁaw wmgﬁm&m@
thes aootniie 6 TALes & 8001 sehydvo gyl By wﬁwwg

&@ @s@ﬁg gﬁmw .wﬁ. a@amwﬁmg _,w
aw.a&m@mw Qw %@wm@? | The vnknown @@ww&am
@w wmm.m_ gwwou,m




. . Apard fm ﬁxe m:ﬂa _
Saining ont phosphovus stom there
sindng 2 or gven 3 phosphorne atong.
ossesn oxtrs  phosporic acid moiotiss
inositol, mghéa@ma- a:ﬁ& tﬁxph "iif"'jkam

Ef@tein very B kgt G %,e ,stmam }msm baen
%uﬁi&ate& ?by ﬁrw}&mf end Ballow 33 '&..?9} Jprosphatidyl

wete and I-phosphatidyl I

: ‘_j_&y mina aei&»emmmiﬁg =
hogph }”« 10y1 glycerol have bsen dsvlated Prom
ﬂamlal hm%‘ria?. - Phog ,ff-fiﬁi@i&ﬁ containing inonitol s5
ma,:-? '?1» o galm%m, 10050, nannces and mmm hm Beon-

£y wﬁhav:iaﬂ myo-inositol by veastion
ﬁﬁe%moyiﬁ o( wua&bhy&rm oith the silver sa‘it of
2 ; : mptstyl ) myawémm%al phezg’& phosp]

Finglly, 1% : Yo Fentionsd
phospht; 11@1&3 have been

RO SRR(CR), o

@ fa%? @i&
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Sod vith the cinudtanocus f@mﬁi@n of &
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sarated phosphats N (smawmeﬁ

Hown vﬂ:&h the ﬁa af
$od fmw wi.ﬁ.e iﬂ %he

‘a‘izaiza sddahyie
- 'bhe L — /_A, dhyaroryl group of gly
i 3 i ey f&*@ anid y&éﬁ@n‘ﬁ)ﬁa&aﬁ
e Ehat thsas Heetal strueturs fo an griifaot
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(o5, the piama of oholine in $he phospholipids
pared with the marine phospholipid
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Sogran o stiimed with o ﬁamtim oF Biicol |
- :{fj“f:;;;,:_ 43; Hitrate, tho reil spote olnted from tho paper
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Trom the thrae calibration ocurves it can he
caleuvlated that one mole of phosphorus produces the sane
colour density as 3.1 moles of choline and 3,024 nolas of
2~chlorccholine, “he nolar rgtio of choline gnd 2~chloro-
choling to phogphorus in their respective phosphomolybdates
ig therefore 3, At this stage it should be montioned that
reliuctlon of choline phosphomolybdate to molybdemur blue,
without prior addition of excess ammonium molybdate did not
projuce a straisht line calibration curve. In our initial
oxperiments the gidition of ammoniun molybdate was cnitted,
wat the blwe colours produced were very weak and did not follow
Yeer's law., Wheoeldon and 001111;512, however, obtained a
linear calibration curve at 630 m /L on reductimn of choline
phospagnolybdate without the sddition of ammonium molyblate,
by means of stannous chloride in acetons — aloohol (1:2)

solution,

DiTPerent quantities of choline ohloride werto alded
to a commercial cooking oils the material was hydrolysod
with 2 hydrochloric acid as described in the experimentel
soction. The recovery ol choline wae shown to be approxi-
mately 100¢ (Tgble I).

TR, o P o v T e ‘ LEWNIPTEY AT
DRSOV O CHCLIIT ADDGE PO A omIlInG Ok

Choline Choline o
ndded (7) recovered (i) Pecovery
2.73 2e T4 156

£475 8490 102
57 15453 173




) PrE ‘?ﬁ“&a%e:s,f hnmwx-s mre ?ameii
aanamihea i‘a;z- in éxooss of those fmm:i in ?c,he‘l ' ]
1 was mw%helaﬁs ﬂ@é‘i&eﬂ %0 tost for s zmmmie infi;@rf‘f
of thoss ﬂﬁbs%amem I% e Pound thet & choling cslibration
curve: propavsl Mm G'iﬁalim, ﬁb ‘ﬂ‘hﬁﬂh ?graim; ’Zﬁﬂﬁ& By
cxginins, Ws%m e eAhanclaning SiE
& ousve propseed fon 7 Only
woid pided $o GhGLInG vere more than ben times the entual anount
fourd 20 & hyfirﬁyﬂa‘&% wWisile oth ﬁmi sdicd dn

in & hyirolysste bofors aul aPtes Sroationt with
entioal resulis. @iﬁﬁ ia saﬁ;aaﬂy shoun 40

fmimcka% %ms nt)*t
Pailed o dotect bhotsine on chromptopiumy ]
3pid hydrolyeates troated with nitrous aeids



e
henss it dees not ppeer an & POS Sn Puger shrematdgrams whish
are prepezed by Sigping the paper in & phosphemolyMiic seid
phasphansiybdnte. A salilrstion surve yrepared with seoniwm
ohloride spyessed to W gyeexiaxiely & stesight liee pursliled
to 1o sholine and 2~chlsreshelise sterws dut sutiing the shasises
ot 0.3 (. walon. Serieus discyupueeiss were shasxrwel if, for
invtmwe, 2 /. meles of mutuiun ehlerids weus sifed %o sholize in
e yreparation of the salileation surve, lﬁmm
sver, was netioed 1 formeldehyis was widsd Mefare e preciydtaiien
weh phosphonelyddis aoil. Semmethylecatetomming, tis resstion
podunt of smenis and Cernsldslpds, 414 ot peecipitate as a
phosphonelybiste, at lennt unisr the sonlitiens of the test. The
somite in Tedle II danenstrate that Mylrelysis in an alkaline
m“"m”mhmm

Kleet st andiaNr.
The effect of woidily in the precipitation of choline
0.1 ¥ and 1 ¥ dydrochlorio aoid selntisns. The puesipdtete in

mmmmmuam
mmmmmuw.mmnm
conpentration of phospharas up to 1.5 /A meles (cervespending te
4.5 /. moles of eholine) in the resstien nixtwre. Fe ehesrved
shove 5 (moles of sheline devietions fwom Beex's lew sl prefer
$o work in the renge 0.1 ~ 3 /imelse of cheline.

o results obiaimed in the detaruinstion are shown in
Sable II, Hydrolysis with 2 § hyirechloric ssid, which shows
spproxingtely 1008 recovery of cholias sifed %0 a comsereisd
oeskcing a4l (Table I), is preferred. It should de moted thad
Mydrolysis in sn alkaline medium guve lower reslts then in sn
avid medivm, This is unioodtedly duwe %0 deoompositiam of
choline woler alkaline coniitionsy 1% is well known that the
fyoe bane is susceptibls 90 hess, ia cemtrast to cdwline
odlertdel?,



TABLE II

CHOLIIE TDBUFMMITACION I A PILCIHARD POSPUOLIPID
(£ P13.35 % l.7)

Fydrolytic procedure ¢ Choline Average
2§ AC1 at 120° for 24 1 TeS4y Te93 Te9
(Of. L I'Ny 011957 and ¢(093’ 8.04 (addi‘tibn of HC}IC) 3e0
Hatsor’ ) Te88, Te79s Tel2 (mmz troatmant) Te8
6 § HC1 at 100° for 40 h 8403, 7492, 8403 8.0
(Levine and Chargar??) 7489, 8,06 (addition of HCHO) 3,0
806y Go0Gy 3406 (H'I‘e"Oz treatment ) Sel
Saturated Ba(OH), at 100° 7436, TeHl, Tedl, Te4B3 Tod
for 17 hy followed by 6697y Tolly 6482 {mldition of HCIO) Te0
%1 7 10L for 1§ b oat 200° 7,32, 7.23, 7.32 (W00, treatment) 7e3

(1eKibbin and Tqyloxvle)’

Standard

Deviation
e Co06

# TUotermination of choline by the method of Intomnan et al> in thic sample,
i.e, reineckate precipitation, gave figures ranging from 8.8 to 12.7.
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An Sxvewtigation in cur ladioatony of e vitrogenous
savine has leng bems yeeognined as a constiteant of e suphalin
frasticn of ghospholipids’, Tie eriginal alain fhat comithine
d Mytreaylywine sre seawiltuents of Jpx
phoghniigdds has dom withivem YW Lol o Namy workers,
however, huve dseoribed e prenamss of & lurge variedy of
sxine eoids in &1ffeent phoeghotipdts¥™?. It has bewm
to e phonnodipita¥ 3159 (viipepeptites”). Deubt as %0 the
WWWWWWW
Resturias’ amm-ﬁmm"
shosphatityl giyourel. In our case 3% was 1ot oerdsin vhelder
the pheagholipite, or wee 40 26 cwadldexed a8 & pelyyepiide
inpudty. The svidenos dssexided in s yeger shows that
Mﬁmmwmmmdm
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FIG.I. CHROMATOGRAMS OF THE ACIDIC CHROMATOGRAMS OF THE!

AND NEUTRAL AMINO ACIDS. » BA&CGKMINO ACIDS"
40 40
Synthetic mixture | . Synthetic mixture
] 301 ] 301
X
aspartic acid p
bl bl
- =
E lutamic acld 2 I
s 204 glutamic ac $ 20d . ethanolamine
° . leucine ° lysine
9 N ) glycine o
- threonine alanine iso-leucine a
s o
o)
1-0 methionine phenyi- 101 .
valine stiding ammonia  Ofginine
hydroxyproline
] T T Y — T — = [) ' r '
Q .50 100 150 1 200 250 i 300 350 o 25 ., 35° 75 100
—— pH3I25,50°— ——sle——pH 425, 50° ——»le-pH 4-25,70° so pH 5-28, 50 Tube number —
Tube number ——» @
’ ethanolamine Hydrolysate of pilchard
. phospholipids
40 404 —_—
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301 2304
] 3
e
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-
> -
- ]
3 L
& 4 < snd
> 20 alanine iso-leucine 820
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|-oJ ydroxyp +od
proline lysine
o v T — - T —r [°] v v T
Q SO 100 150 | 20 250 | 300 o} - 25 nSO 75 160 125
e PH 3:25,50°—————ste—— pH 4-25,50%—»le—pH 4:25,70% pH 5-28,50° Tube number ———
Tube number —
30 3.04 Hydrolysate “of acid-washed pilchard
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Hydrolysate of acid-washed pilchard phospholipids
l > ethanolamine
4 T 204 |
£%° g
r
[3 -
3 2
o a
:_" -0 serine O .04
-3
o
o y v T — T T ; o
o Ele] 100 150 200 250 ‘ 300 ' o
; o | ° °.!
\ e pHi 325, 50° ——————————+'«—pH 425,50 —a-te-pH 425,70 pH 5-28,50° Tube number -

Tube number —

Hydrolysate of (3) amd (4) was obtained by hydrolysis of
pilchard phospholipids with 6 N HC1 at 115° for 48 h.

Amino acids are present and note the large quantity of ammonias
Hydrolysate of (5) and (6) was obtained by hydrolysis of acid-
washed pilchard phospholipids with 2 N HC1 at 120° for 24 h.
Note the absence of amino acid impurities and ammonia.

Details on pp. 66, T2 and T3,

e
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ferd curve @i‘ tho ag%ic-_?-ﬁ ﬁsnsi%y of the m@;"imm

blug eolour ﬁt 83@ n L versus /Lg P o shown in Fige Te

Fig.l.

T or]

——y

OPTICAL O.5]
DENSITY  _|
0.3_

PHOSPHORUS
830 mu _ T

STANDARD CURVE

1 ) l.
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Frogh m vers (1000 g,Max ) oxt
times in a ﬁnﬂa@ blonder with 900 ml mmmthwl
(213, by vel. Jo Tho ex donorited for
hake flesh, ﬁﬁg@fammlti&armn‘kmtefﬁom&@

shom 'em in light petmm on ainca gﬁ, o mﬁﬁm&
rtrodused by Lovern, Olley ani Watson's Thoss aathors feund
that phospholipids dissolved in light petrolemn are not sheorbe
by silica gel (B.DeH.) in contrast to other iipides Inm our
cape sovoral passages over silics gel columns wers meocessary i
exaer ta obtsin ph«n;shnnﬁas froe from om 14

Siliea gaa (150 € BeDoly um ot 120" 4
4 1) wan slurried with 200 ml light petro
anl packed into a column of 343 om dicneter ‘
total 1ipids (77.1 g) dlssclved in 50 mi nghz potroleum
(Bepe #G - 56°) was carsfully sun into the top of the oolumm.
The “phospholipids? were sluted with 300 ml of the smme solvents
%mlmtmmwﬂ.mmmhmwo mmmtaf the
moterial obtained wan 56.5 g. This separati
ropented three timen, osoh $tine with s fresh amount
silica gﬂ; ‘the weight of the "phospholipids" which ; i
unabsorbed through the oolwmn decreased from 56.5 to 34.4 &
from 3.4 to 23.1 g and from 23.1 to 22,9 g, whorsupon the
soparation was cmsiﬁm mhu. The final M@xt ef
gho@hof pids, obipined as ug nat 1, WS
32,9 gwm a P emtum: of 3.75& and a ﬂam*tant of 1,.&5, m

extracts were cmim& m& artar evaporatior
veouo S5Z2.1 g of a yellow oil wan obta

B.G;%. e




225 g of the total lipids were separated into
7.1 g phospholipide (P content 3.5%, ¥ content 1.50) sad
139.1 & non-ghosphe rylated lpids (P content 0,01%), by
natography on 10 aalmna of sptivated silica gols

13', ﬂm mm@ﬁpﬁl mtm was —
W on sincic m& ated p

on sllioso astd, folloring Hamaban, Dittaer axd mmm?' |
The first two methods of analyed

o compound was deteoted and dstemined as
aomm in Gh@m ?3. Choline was slso mmm m
the un -;:ﬂm‘mmmu of pure phosphat . choline
miler Faw ‘maa). The mm of m '
: , ssotion was vomoved in vesuo snd %im :‘i,ti‘ ddve
tmzuw in 5 mi m%raul ﬁlm Water was alm
svepurated anl tho yvosidus trested with 1 ﬂl of a sxturated
mm solution of ploric aoid. Aftor standing overnight
at voom tenperature the crystals were filtersd eﬂ' m washed
with a seall quantity of sleoholy m.;gu 347 - 249 s Ihe m@u.
e:ﬁ' sholing ps.omta was raiged %o 250 - 251 " after ono
rovrysts. umm: from aloohols Helting point, nixed melting
point anl infra-redl specira of mthnntin choline morm
j4entical to the comstents of the isolated substance




sho:-t ca&mn (30 Chiy f’ 0.9 m) aaé ethanolamine was eluted
50% with a citrate tuffor of pil = 5.28, Prestions of 2 nl
were oollected with an outomstic freotion collectors Tubes
30480 were tréated with nintydrin {4 nl of a 2% mlnﬁen} and
'the oolour developed at 100° for 20 min, The opticsl denmity
of £he 30' onr was resd after dilution with iso-p nol feal
{3:7, bgr wole ) in an Bvelyn solorimeter'st 565 n/u % Under
.-ﬂm mﬁim aamm emmm was aiu%é; in mhaﬁ

wi% M of & known: mt @f ain 111ed otha 20 {34&%&.
:ME» 54/4 mn % - 1%4538 Ié;t. }a4539’) o nOPY :
» YO n of Op S iosh t‘.: V,“’ xt




Fig.2.
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- ETHANOLAMINE AND SERINE IN
. HAKE  FLESH PHOSPHOLIPIDS
”
7 , 0:32)/ serine
i I-537° ethanolamine _ added to @
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2-0- ethanoiamine _ .
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1.0
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TUBE NUMBER —~———¥»

Recovery of ethamolamine and serine added to hake flesh phospholipids.

Ethanolamine was eluted from a 30 cm column of Amberlite C.G. 120 at

500 with a buffer of pH = 5.28. Serine was eluted from g 125 cm
column of the same resin at 50° with a pH = 3.25 buffer.




~73-
Sexins (100 = 500 (.g) was eluted on a long volumn
(125 om, # 0.9 on) with a oitrate buffor of p = 3.25 at 50°.
ractions of Ialmmncumm mmw-z@m

pegroh h Powid e a* 34.35; EI, 6,. i ’ £ E:

¢

160 034  LS3  032  3.07 09 S8 105

1838 03 = 030 - ol =~ 96

reas .93 036 0,50 L0522 L2 100 101

.74 0,10 | 0.68 - 2,58 ~ 308 -

(121’ w WII.) aﬁﬁ. ﬂm o : ‘kﬁ dsvelop for spproxinately
3 min in air- Thio m%m wore ﬁma m 16% ngustws
The Dp walus in thie solvont systen was @‘40.












































































































































































