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The sepaimtkm and purification of the indiTidwl oompoMBli of mim 
phoqiholiiMdes from tiasues have k » f pond a difBouIt proUtoi. li 
addition to the poesMe oaddativ« ohaofn and enqrmatio aheratioiMi kha 
can occur during the isolation procedure, one is ooofrented with the pm  
enoe of a variety of poarible contaminants, such aa free steroie, aim  
glycoeides, free amino acids, glyceridea, sufari, «Uta, etc., iHliioh oamptioal 
tlM fractionation scheme. Several pooiUe routes of fraotioiiatioa oi ih 
mixed lif^ee have been utilised,«.«. salt fmetionatian, km tsmpemtur 
seperation, and adsorption chromatocraphy. 'Hie rissfiinl oadrohis 
chloiidrprocedure of Levene and Rolf (1) has provided a uarful route to ( 
fairiy pure lecithin. Through the use of solvmts at a loir tempitatttff 
Sinclair (2) was able to separate, though in low yields, a reasonably pur 
lecithin. Taurog et al. (3) were aUe to fraetionate the choUae-eoottWm 
Î oq)holipMfe8 from the non-cholineMxmtaming phosphol̂ Didss of IHw bj 
dilTemitial adsorption on msgneeium oodde. More reemtly, a ooliuiu 
chromatographic technique which employs î uminum oodde (4) has alknNK
a fadle ^H>roach to the preparation ifigootl
However, none of theee procedures mentioned above has peruitted/A  
subsequent isdation of the other components, ''the cephalins,** and 
has presented a limitation. Within t^  past few years, the avaHabiiitj o 
pure silicic acid has made possible its an>licayon to the durcmatogniihii 
sepaimtion of the phosphdipides. McKU>bin, by employing essentiaHy i 
gradient elution sdieme with silicic add as the adsorbent, was able t< 
separate a poly|̂ yoerophoe|̂ tide (6) and an inositide (0) from dog am 
horse liver, respectively. Lea ^ al. (7) applied the ailit^ aeid teeluiiqiu 
only to the separation of the two major components ci egg-mixad plMM 
photipides.̂

In the present communicati<m, a proeedure is desoribad wherein th 
various classes of compounds in the mixed phosphoUpidss from rat Uvei 
beef liver, and bakers' yeast can be separated in a reasonable state o
purity on a single column of silicic add.

* S u p p o r t e d  b y  g r u i U  f r o m  t b «  N a t i o o s l  8 « i « 0 M  F o u n d J t i l o o  s a d  U m  A s M v i s a  

( ' a i i e c r  B o e i t i y .  T I m  f o l l o w i n g  » b b r « v i f t t l o n  U  u s « d :  O - H .  e b l o r o f o r m - m s t l i a n o l .
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TW wOaat add wm MtMnrirwiiltV stitihb for
dw — lqp»ptfa MMjyiift. WIhm vv  poirfbK M k  WttiM of tkt Mid 
w«w umL Otfcerwie, Iwtoe ee^ Ifce eM e sdd *  * id liw  12 W m
«t 106*. A« an ftid in tlw §tm d  ■nlwt tkt eolawM  ̂ l^Fio
S u p erb  (Jalu»M «mli0) wm wdad vilk tkt d U e mU (2 pMtb 
iilk^ add to I piut Sofwr-Cd). B eip el gmde ■oltwli w w  ewL

PluMpbonw WM Mî fvd by Kiag*a malhod (D, ailn«M  lij tki Hfero- 
IQddahl proeedure, with ■eleniam ceydOoride as eitily il, aad eWfa* hy 
CHkk'f matlMxl (0). Sphii^odna nitrotM w m  rtatwahitl Iqr G M rV  
Tnodiftoation of tha matkod of MelObliin aad Tijlar (10); tkia mofllles- 
tion cmployad a 6 hour raAnx of tha M|)ida widi aateralad Bto(OH)a, eooHai, 
and addiftaation with add in the edd. TIm ariiU— is than aKtnolad 
with diloraform and tha CHCSradttbla fmetka ia anatjiad for loMl 
qitrafan aad phoq)horua. Total faUy aeUa wwa iadatad by alhar aitiM- 
tion of an addllad hydrolyaata of a 5 hour (15 N K m  N in , %vadMd wall 
with wataiv tnd pcooanad is tha uaoal mannar. Total glyoiropbiMphata 
WM datNTOinad by Burmaalar̂ i patiodata mathod (11) on tha watar- 
adubla fraotioQ from tha abova hydrolyaata and alao idantMad by papar 
ohromatography (12>» 'Hbpiatuntian w m  aaayed atthar by tha WQa 
iodiM abaor^on method <18) or by oata^ytie hydvcfanation ovar PtOg. 
Inoaitd w m  anayad by tW miorobiologioal tadmiqM wHh M a  ol JOoadhira 
eqiMMteto M the teat oifaniMi,' The lipide aunpla for inodtd and glyoaid 
a aM y  w m  rafluxed for 48 hoiiii in 2 n HQ, eooled, and fihcrad. If tha 
lipida sample w m  r^uxed in 0 n  HC! for 48 homa, m  mndi m  70 par eent 
of the î lyowd w m  deairoyed. Abo, it w m  not adviaabla to ranova any 
exoaaa add from a î yoerd sample by erapomtion on a ataam b a ^ ^  a 
oonddaimfaAa loss of gjbroerol, but not inosttol, ooemiad. RaaiiM  of 
minaiml add aad any hydrosy aminea can be adiisfred with no loai ci 
inodtol or gljoerol, by pas—ce of tha sample thnmi^ Amberfite IBe40 
and IBC-W ssdiaatB resins. G ŷoerd can be aasayed quantitativdty in a 
hydrdyaate by a modified periodate oxidation procedma in wlish Hm 
liberated formaldehyde is detected by laaetkn with duonotrapie acid.' 
Qlycerd and inodtd can alao be identified quaKtativdty by chromrtOgmpNy 
on Whatman No. 3 paper with propand>water (4:1) and by qxayinf with 
AfNOt reacMit (14). In addition, ^yoerol may be aasayed qoairtitatiirdy

> The uithora m« in<M>ted to  Dr. B*rlwrt E. O u ts r  for Um dotaHi of Us aspab- 
iMhad OMCfcod.

• Wo MO indebtod to Ur. Hoirard DougiM for his d d  ia  asU bHsMaa  tlMa pro- 
eedufv. This portieuUr orgsalsm has an obooluto rsq d ra n n it  for mfo4iMMHol.

• OUoy, J., unpublisbod obM rratioai.
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by fint bemg MfMialed fajr ch w M tty |* y  am lintiT i in n i i t i i i  pt^m 
(WWtnuui No. i)  wilk 0^ per eea* bQttOH»-pnpiMl (1:1) M tte  toNwl, 
*nd by loortioo of the ipot mUk kad trtnm ntttr rm̂ fmiL 8dbntaMt(y 
the epot CM be ehHed with water aad the faoMldehifde «lelenMMd Igr 
the dmmoiropie add method.*

The detactaon of baaw Mch ae rhoiine «aa alw aade bgr the pap« 
chronatacnphie proeeduw of Leriae and ChugtM (IS), ImL with 80 p »  
cent propanol ae the eohraat m an memJbig yH —l  Haelali de­
tected by a modified FeulBBn leactaoo (16), eaihohgrdmee hgr the MoHnh 
reaction, and eterole by the liebemaa^BwdMid taei. FimmimuaiKk 
were detected bjr paper chromatofiBplty of the in ita i with ehlorofnna 
methanol (4: l)-water (OJi per eeot) aa the eobaat and by tpmgnmg wHh 
ninhydrin reafent. Under theee eondHioM thr«pfaw Mtde aad ethanol- 
amine do not migrate. ^  ^

Amino aokU and other ninhydrin-reactive eomponenta eueh aaathMol* 
amine were detected qualitatively by a paper chnMwitofmphle taehaique 
which utiliaed the methode of Moore aad Stiia (17) and Coonall il «L 
(18). The moet effective medium for the lyrdroly* of the phiMphol̂ iidii 
waa anh^rous methanolic 6 n  HCl, whieh caueed the leaat formatkn of 
free ammonia from either eerine or ethaeohunhw.

/•o ioK oii i^ko^tk0 lip id$M

In all inetanoee the Upidee were iaoktad froai a tiani by repealad 
ethanol-diethyl ether extmotiona at room tanpentwa. Hm partiwiar 
tissue (except yeast)* waa homoieniaed for 2 minotea in a Warfaif blandor 
with Oft per cent ethanol and thm allowed to stand at room tampefature 
for 4 hours. The mixture waa filtered aa rapidly m powiMa, laaviaf ihf 
residue sli^tly moist with solveot each tame. Thia material waa thali 
reextracted with a 05 per cent ethanol-diethyl ether (3:1) mixture for an 
additional 3 hours and then filtered. The residua waa reextraeted for a 
third time with the same solvent system and the fihiate from aU the 
extractions then concentrated at 37** m waeuo to remove the aolvsoi. The 
(HNicentrates were combined and extracted with petroleum ether, except 
with yeast extracts in iHiich diethyl ether is the preferred eactraetant at 
this stage. The ether extracts were washed five to n  timaa with amall 
volumes of water and then concentmted to a small volume and 10 volumes 
of acetone were added. The mixture waa'then placed at for aeveral 
hours to insure a satisfactory separation of the pboapholipidea. The 
aretone-inmluble material, representing 90 to 06 per cent ^  the total

* Fresh baken* y«Mt M extractod for 8 hour periods Muih tina with tbsM ■olvsttt 
•ytteoM. We wish to thsok SUndard Brands, Inc., Sumaer, WMhington, for fin- 
eroiw lupplies of the yesat.



clktr, and wpwripittgd wHk anUmt. H*-^proeeAiw wm wepmktd 
timmtimm. If tkim mmkmM wm» —i  cfaiwHryipimri iMBtirtiijy, H 
wMilOTidtaidM’M oiiefli->2f*iatkB<iM k. WImb tUt fradkNi «m  to 
bt land M th« totid Mxed pho^M iidei^ it «w  dM ««d is  a eU ovof^  
■Mihiaol niitMn (Modlir 4:1 or iB flvtain iM ineei, 7:1) and tbM appiiBd 
diantiy to a rnhm  WImb the aephaliB faactioB wae deered, the abonre 
aaitam Inaalabla fmctk» waa w m ad at IS* aa aaeiia to lemora t»caa of 
aohraol, Tha midaa waa tiaatad with 9t par e v t ethanol and miaed as 
waUaapnaA iaaad altowadtoatandat iQO»taaipOT»nri»ior>to4hoqf8. 
Tha aAanot«ohihh> fiaetkn, which cg^tfnad tha bulk of tha kdthin 
fiMtioa and wamt phoiphati^ylalhaeAeieik wainwd uauaUy by 
deaMrtatiop, and tha w idwa wartiaatad with W par owt atfaanol for an 
additional 4 boufa at room tcnparakwa. Tho athawii iMnhiMii fiaetioo 
w a t ^  diiaahrad in CHClrMaOH, 4:1 or 7:1. and «nd dfanetly for the 
cbematopaphie wpaiBtion. An tkbmmUfm proaadim waa to dknohro 
tha awtfinaiimitubla fraetkm hi a nndljiQ lii^ of ehlarofoim and add 
m tm  l |  fp«r oant ethanol. This mii|qw waa thm phwad at -3S* for 
■avMttt hMa. Howavar, tha aaMunta of otphaMn fkaotfon laeorered by 
this pfoe d̂ure wira oftan mueh lowar than thoat laeof wd by the diraot 
ethaaol mtiaotion of «ĥ  jMtone-lnaohibla fiaetion.

Cknrnalognpkie StpanMm
Tha follofwiag teohniqo^hM been adopted aa a fBoaral prooedure for the 

fracHonation of mixed phnn t̂Mipidee on nlioie aaid.
IVaparaXBW Cohiawi RMWitially tha oohimna ware prapaied b y  the 

pvooaduiao«kliMdt^L8a«<al.(7). T U  d i i i c  acid and Hyflo S u p e r b *  
ware miaed in a r a t io  of 2  parte to 1, raq lee tiv e ly y  and roipendayi in the 
hMal aolvant q r8 ta a r i(« \e .o h k ) rQ fo n n - in e th A e l» 4 :l ) a n d  f U t e r e d w ^ i u e -  
tion on a i ta tn r e d  glaae Bttehner funnel. Hie ree id o e  waa rc e u ^ w n d e d  in  
tha MMM aotvani and the wadiing and fiRiatioii p ro o e d u re  were re p e a te d  
for three additional t im e L  Ffaially the w a rfie d  dfficM add w a a  an^pended  
in the lame aolvent iiyatem and p o u re d  into the oo lu n m e  d eec rib ed  below .

Two diffarent liaed oohimna h i^  been uaed, the cbuaoteriatice of îdiich 
are ae followa:

Tifî  A Cohmn Thia oohunn maaaiiwid 80 X 400 mm. and wae tî Mred 
at tha lower end to approaimat^ 8 mm. It waa fitted at the top with a 
baO and aodcet joint to whidt waa attached a eolvent reeervoir, aî >r(Md- 
malely 1 liter in eapadty, and Uiia raaaryoii waa coupled to a oylin^  of

■ I f  th *  HyMo Bm wr O ri w as Iw eted  ! •  110* b sfo n i u m , t h m  w m  m i  a b n o ft e o n  
p lato I i»  Um e lu U o e  p r tf n i o f Um OM apouads end  •  •ooaklerabl* ov*r-
U p p ia g  o f  o ln tod  ooaqM M ato.
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nitro(Bn. This maed rnlMnn eaald meammodatm €0 t o  80 gp. o f  afak  
add (pk» SutMT-Cel). TW— JiMdw—a8tol.0ii^rfilinipiiiK pM R  
pboapiionie per gm. o f mUrir add mmI flow laaas  w e  lw& lo lA  aL p a r  
minut«, RMintaioed if neeemuj h j dighi ailroiwi pMMra. A glM  
plug« approxkmldjr 25 m m . th ic k , w m  aHd m  m tuppari fo r  iIm  iiliM e
M d d *

Type B Cohmm—Tkm eolaaui m w irid 42 X SH) wm. aad kid a 
sUodaid tapar parfoiBtfld glaai diric CBeiBatiir QIm Apparatei OsBipawj. 
intefjoint T 35/45) at tha lower aud of the aol— n, aad oa tliia waa plaied 
a tiiin layer of glaai wool (^10 bmo. tliiek) for eMpport of the lilide aaU. 
The remainder of the eolumn, laeenroir, etc., wae wmetnirliwi fai aeaiatialljr 
the aame manner ae Type A oohtmn. This liaed rnhin eooM hold 
.100 gm. of dBeie acid (Hue Super-Cel) and again the normal k*4toi 
range wae 0.8 to li)  mg. of phoepholipide P per gm. of elieie aekl. The 
flow mt« wae ueually 1.5 to 3.0 per minute, maintained, if neoeamiy, 
by a flight nitrogen praeeure.

CHromatograplue Pneedun—A iin  the eUido aekl had reached a eea- 
Htant lav^, the eolvent frae then allowed to drain nearly to tha euifaaa of 
the ailloic acid and the lample iu 10 ml. of the initial eolvent for T>pa A 
column (and in 80 ml. for t^  Tjrpe B column) wae allowed to flow atowly 
on to the column eo aa not to dieiurb the eurface. QeoUe U îping of tha 
column at thie etage aided in maintaining a lev«l euriaoa to tha dlieie 
acid. The eolvent wae allowed to drain nearly to the eurfaoe, and addi* 
tional anall quantitiee of eolvente were added elowly until tha mnple 
was completely wadied on to the column. Then additional aolvent wae 
added carefully, and the column wae attached to a fraction eoUectpr. 
The eiae of the fractions ooUected was 8 ml. with the email and 10 ml. 
the large columns. In each experiment, the progreee of the fractionation 
was followed by phoephonis analyses on each individual tube and, when 
it was necessary to dumge to a new solvent qratem, the new solvent was 
added after the previous solvent had reached the eurface of the silfiyc 
acid.

SobfetU Sytkm—To date, the solvent system moet eatisfactory for the 
HPparation of mixed phoepholipides or cephalins on silicic acid haa been 
mixturee (v/v) of chloroform and methanol applied in the folkMring 
dilutious: (1) 7:1 or (2) 4:1, (3) 3:2, and (4) 1:4. Theee solvent combi­
nations permit recovery of at leaat 88 to 95 per cent of the phoapho- 
lipide phoq)honj8 applied to the cdumns. The composition of the initial 
eluting solvent will depend upon the nature of the phosphoUpide mix-

* When s  plug of eotton w m  used io addition to the glsM wool plug for » auppoK 
af the ailieie «eid, •pproximat«ly 30 per cent of the pboepbotipides, particularly the 
pbusphoinotitidee, waa adsorbed by the cotton and could not be eaaily removed.
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liin*. In K<'fK'ral an exploratory experiment with Sol\-ent 2 the tiM 
w»lv«iil will iiKli'nte the ea^p » ith  whiefa the fast nioWng frai*tiu(k' i*au 
\h‘ W'|Mirat4'(l hy thin «y»«tein. The u«e oi a gradient eluti<Mi tet'hnitiue. 
wherein MuUle r lu in f^  in the polaritr of the Molv-ents are niade, wa> 
not H w n t^u l  with thene niaterialh. Spedfirally it »as found that, unlt*>.v 
nharf) MubKtiintiitl ehanxeK were made in the ratio of the solx-ent.s th«‘rv 
wuH h tendency Um»nlH general “nmearing” of all the frartiim». For ex- 
uniple, acliange frwn a I'hlort/orm'inethanol mixture ul 4:1 (Solvent 2» to 
'.i: I or 2 : 1 completely olwv'urMj the inoMt<j| lipideM peak, aiHl an a result it 
WHM 1‘hitid with the lecithin fnwti<Mi. In addition, the leiifth of tiui»* 
f<»r elution of the variouM rotnfionentK by thiH appmarh (up to 2 to A dav ' 
for tt (M) gni. Kilirir w id column) wat< not justified hy the iiiadtHiuat*' 
frm'tionation n*MultM.

Wh(;n <^-mix(*d phoHpholipideM were separated on a Kilicic acid mlutnn 
l)V »««? <»f the Holvent MyKtem recommended hy I^ea rt ai. (7), namely S«i| 
vent 2, the phimphatidylethanolamine wa» removed readily, but the 
HubN6<iUiUit elution of the lecithin in the Mame Mol\’ent waK extremely h Io w . 

However, the lecithinM can lie removed at a murh more rapid rate with 
Solvent 3.

(leneral Cummt‘nlH on Coiumn Prrjturmancr -ITje reproducibility of the 
colunuH4 htt« Ihhmi exceWent. Over twenty different coluimM have been 
run on the phimpholipideH from each of the 80un<e« described and then* 
luiH Imm'u k(mk1 HKretMueni aH to elution pattern, composition <jf the frac- 
tiouH, and application of thiii techni<|ue to large at* well a« nnmll itcalc 
pre|)aration of individual ooiuponents. No untoward efTects of the hilicic 
iicid, light, or tem|K‘rature (25-28“) upon the elution pattern or comiMitdtiun 
have Ihhou noted. This stmngly supports the conclusion that the«« c<in»- 
ponents art' presi'nt in the original tissues and have not arisen as artifacts 
of the isolation pro<H>dure.

'I'he time involved in the complete fractionation of a particular mixture 
\aries with the tyi)e of sample, sire of column, and the flow rate. In 
Keneral, with the mixtxl phospholipides a complete fractionation on a (K) gni. 
« oluinn can Im‘ accomplished in 20 hours and with a 250 gm. column in 
IS hours at a flow rate of 1.5 to 2.0 ml. per minute. Through the use of 
the «‘(>phalin fraction.s this time period can he reductnl 1)V a niininiuni of 
I hours in each cast*.

While it might Ik* desirable to u.se higher flow rates than descrilnnl hen*, 
the incn*aseil nitrogiMi pnvssurt* riH|uire<l to maintain a high flow rate 
( I to 5 ml, f)er nunute) will cause ultimately a tight packing of the column 
and a substantial decrease in the flow of solvent. Except for .solvent 
changes, it is lK*.*it not to interrupt the fractionation priM-edure once it ha> 

Ik-cii Martini.
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Chf^ieal Sature of Ehthed Fraetitm»—In aU tlie  aoums daaerilwd Imi«, 
the mixed pboKpholi|Mde8 have been sepnnted into fire diwtiwrt fnwiMiw. 
'l*he gTftphif* remha of experimenU on the aepUBUan of the mixed |4mw- 
phfilipidM of n t fiver, beK fiver, and bakers' yeaaiareihovB in 1, 2, 
a/id 3, and the dau on the compoiiUoa of the individual ftartioitf, with­
out further purification or trmtment, are recnnled in Tafake I, II. and 111. 
The remlta may be aeparated into categoriea aa follows, acoocdinc to the 
( omponenta removed each aohrent qrslem.

SoherU t, FraeHan A  (or Sohm t 1)— T lie  in itia l pho q jb o ru a-co n ta in in i 
fraction from  beef fiver- an d  yeaat-m ixed plKMpholipidea waa com poard of

eo 00 CO 120
TUBE NUftieCR

MO 0 0

Fia. 1. Chrom«togrftin of r»t liT*r-mu«d phoapbolipidM (40 mg. of P) oa •  00 
gm. ■ilioio aoid-90 gm. Hyflo Super-Cd colunui. elutiag aolvrata w*i« nlxturw 
of ohlorofurtn and nMth«nol ( t /t ) .  TIm numbers »bov« tlw vsriout fraetioM n pn, 
MDt tbe per cent the total appUH phoephorua eluted. The eompaaiti<m of taoli 
of the fraetiooa ia recorded in Tat>l« I.

u low tutrogen-coniaining component, the bulk of the |Nfment of the 
original sample and traces giycerideti, 8terol«, and tfterol giyootklea. 
The pho6phoni»H;ootaining component may be comparable to the poly> 
glyc«rophoq>hatide described by McKiblw and Taylor (5), but inauffi- 
ciont data are available for a suitable comparition. In the particular 
experimenta cited here, the initial fraction from rat fiver pho^>holipideif 
contained mainly ji^oHphatidylaerine, but it represents only a Kmall 
percentage of the total phosphatidylserine which ia found in the next 
fraction.

Solvent t ,  FraeHan B (or Solvent t )—In all the sources examined here, 
thin eluent had, a«* its main compotients, phoaphatidylserine and phoa- 
phatidylethanolamine. While there have been many methodM deocribcd 
ill the literature for the quantitative estimation of ethanolaniiue and
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Mrine Id photphoUpide*, thtie tedmiqwe hare not worked to otir natu*- 
fttotkm. Althoui^ thk proUem k  under active investicktion at prê <eni

too 150
T U K  N U M KR

Fxo. 8.̂  Okvoautogrun of bmt UTer-inix«d phoq^olipidM « l  mg. of P) on a 6ii 
fBU •Qidc'Md-IO gm. Ht^a^per-Osl column. The eluting a^renU were m ixtiirm  
of tyoroform and metilCNl^/v). The numben above the VMioue fraetioiM reprp 
iMt the per eent of the to w  i t̂pUed pboephonw eluted. The eompoeitioa of i>»rh 
of the frMtioae is reeonMiaTaUe n .

O- y
200100 190

TUBf NUMBER
Fka. S. ChroMMtogrui of jr e ie t^ iia d  phoephoUpidea (47 mg. of P) on a (H) k»i 

■itteie Mid-IO gm. Hijrio 8«pw -Cel e o lu w . The eluting eolvenU were mixturr* of 
ehlow fon a  end met hennl (r / r ). The numben nbore the rarioue freetioiw r rp re a rn t 
the per eent at the total appHed phoaphorai elated. The eompoeitioa of earh of the 
fraetiane ie recorded in Table III.

in this Laboratory/ then  are two main rooaderations (rf concern; luinx ly 
the mode ol hydrolyaa, wherein the least amount of ammonia from degnt<iu

'  Unpublished obeenrationa.
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tion of the ethanoiamine and nriiie occuni, and the Mibaaqusnt unequivocal 
umy of these nitro|en componenta. In view of our evidence to date 
with ion exchange rMins for separation of rthanohmine and acrine, the

Tablb I
CompotMtm ^  FrmttUm* OUminti frmm Ckrommtofrmm Rmt Uttr-Miatd 

PkotpMifid** M  aiHeie AeU-HvUa Suptr^tl (« ;!)•  I)

P ,%
N ,%
ChoUne.%

N:P, nol«r ratio 
Cboline.'P, nioUr ratio 
ioMitol.%

lno«tol:P, moUr ratio 
GiyMTO-SL̂ , moUr ratio 
P«ttjr M id . %
Neutral equivalent 
Fftttjr »oid:P, molar 

ratio 
Qualitative teat* 

Ninhydrin 
Free amino acida 
Molieoh
LiebenDann-Burchard
Aeetal

Principal N componenta

P n c t iM %

5.91 
1.82

None
preeent

1.08

None
preeent

O.M
(J7.0

28S
1.92

Serine

4.01
1.7B

None
preeent

0.96

None
preeent

0.97
70.4

381
1.97

+

Kthanol-
amine,
■erine

S.S4
0.27

None
preeent

0.18

11.6

0.00 
Not run

82.8 
808 

1.88

+

+

Herine,
etbaaol
amine

8.82
1.71

14.70

0.98
0.90
0.2

0.01
0.90

88.2
288

1.98

Cho­
line

8.80
2.83t

10.8

1.70
0.70

N

Not run

+
+ +

Sphingo- 
aiae, ebo- 
line, free 
amino 
aeide

* The eonqMMition of the original lipide mixture ia 3.78 per cent P, U1 per cent 
N, 8.28 per cent choline. N:P, molar ratio, 1.00; choline:P, molar ratio, OM.

t A and B refer to the firit and aeeond componenta removed, reapeetively, with thia 
particular aolvent mixture.

I Analyaie ahoired at leaat 88 per cent of th« N to be aphincoaine like.

yeast Sol^-ent 2 fraction contains approximately 50 per cent of its lipide 
nitrogen as serine and the remainder ethanoiamine. In the rat liver, 
it has been observed that there is approximately 55 per («nt ph<jHphatidyl- 
ethanolamine and 45 per cent phosphatidylserine. However, in the 
beef liver fraction, only 55 per cent of the total nitrogen may be <ibtained
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M  •erine And etliMiolainiiie. T he lenuiiiung nitrogen apparently  repre- 
n n t 0 ft new n iiro fen  conponen t, wfaidi doea no t rm rt  with ppriodate at

Tavli II
CompotUiom of tmeHcm* Obtmintd from Chromaiogram of Bt*f lAMt-Uixtd 

PkMpkalipUot «n SiUcu Add-Bt/bf Suptr Col (Fig. i)

FfMtke At
i,

rncHM At
Salrwtl.!
rnctiM

■t i

p , % S.87 8.71 3.80
1

3.01
N . % 0.31 1.08 0.42 1.00
C b o U aa.% None None None 13.30

piOMlit praeeot preaant
N :P , BMlar ratio 0.14 0.06 0.28 1.02
OlMUae:P, BMlar ratio 0.04
Ia o r ito l,% None Nona 1S.0 0.08

preaant prsMDt
laaaltp ltP . a e la r  raUo 0.80 0.004
laositol-ilirearol, nwdar 0.80

ratie
Qljrsar»>F: P , n o lar ratio 1.0 0.00 N ot run 0.07
f a t t y  aoid. % M.4 74.1 00.4 70.0
l l s ^  aqnivalaat 3U.0 823.0 200.0 823.0

aeid :P , m<daf 1.4« 1.01 1.00 1.06
ratio

q o aU tatire  taaU
N lahydria — + + —
Piaa aaiiao aeidt — — — —
IfoUaah — — + —
liabanBaaa-Burehard +  + — — —
Aaatal — — — —

Priaeipal N aompooenta Serine Ethanol- Serine, Cho­
amine, ethanol- line
■erine amine 1

1
1i

S o h rta t 4 
f i» c tio «

3.68 
3 39{ 

II 2

2.04
0.78

Nooe
prraent

Not run 
• t ««
44 <•

44 4«

+  +  +  
+  +

Sphingo- 
•inc.rhu- 
line, frr« 
amino 
acids

* T ka •oapoM tioa of tha oriciiial lipide mixture: 2JS3 per cent P, 1J3 per rent N, 
7 J 0  par aaat ekilifla; N :P , m aU r ratio, IM ;  eboline.'P, moUr ratio, O M .

t  A  aad B  rafarto tb a  i n t  andMeond compooente removed, respectively, with thu 
particalar Milvaat B ixtiifa .

t  Aaaljraia elMnrwl 80 to  t t  per oant of the total N to be •phingoaine-Iike.

room temperature (ethanolmmine and serine react readily) or th^ ph<M- 
phamdyfoAc add reacent of Levine and Charfaff (15), but dues fonn a 
dinitrophenyl derivative upon reaction with dinitrofluorobenxone, and i.' 
apparently ninhjrdrin-reactive. Hie chemical nature of thlA cumpdncnt 
ia under active inveeti|ation at the present time.
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Thfw fnuiktni* nil whowvd th« typk«l infmml pftit«rn for fAofilMv 
Kl̂ Tf̂ rHkHi hikI had «ip(ir«l nctivity in Uw experlMl nuifiB, fa)f *f 6il* to

T asli III
^  frmctiont O M m W  /rw n CkrtmmUgrmm w§ Ymtti-Miatd 

Pk9»p M ip i4 f  9n SHieic AeH-Nt/U Buptr Ctl (# ;/)*  {Fi§. i )

9chm%\ImrtiM Mv«allfVMtlM riMttMiAt
M*«M t,

iMctta

l \ % 3.17 3 .m Z 44 3.73 2 M
N ,% 0.34 1.68 o .m 1.69 2.301
( holim^, % < None 

present
Nont

prw tn t
None

pfwent
14.S 10.0

1
N :P, molar ratio 
C '̂holiiM: P, molia* ratio

0.17 0.05 0.46 1.00
0.09

1.66
0.S7

Inocitol, %

Inositol: P, molar ratio 
lDo«itol:glyeerol, mo*

None
present

1
1

0.18

0.008

ao.7

1.04
1.00

Non*
praMBt

Nom
pffMMt

lar ratio
GlyoaroHP:P, molar O.QO 0.08 Not run 1.04 Nut nui

ratio
Fatty  add , % 52.0 66.7 flO.O 60.1 «4 «i
Neutral equivalent 285 380 M7 264 i* «4
Fatty aeid:P, molar 1.79 I.B6 1.70 1.97 «• «•

ratio 
Qualitative teata

Ninhydrin - + + — + + +
Free amino acids — — — — + + +
MdiMh — 1 — — —
Liebermann- +  +  + — — — —

Burchard
Acetal — - - -

Principal N compo* : 
nentii

Not iden­
tified

t

Ethanol- 
amine, 
serine

Serine,
ethanol-
amine

»it
i1

Choline 1
1

11

i

Sphinco-
sine,
oholine,
free
amino
aeidi

* The compoflitioD of the original lipide mixtura: 3.88 per cent P, 1.77 per cent N,
7.1 per cent choline. N :P, molar ratio, 1.01; choIiM :?, molar ratio, 0.47.

t A and B refer to the firnt and second rompooenta remdved, rmpertively, with 
thia (olvent mixture.

} Analysis showed 80 [ler rent of the N to be sphingoaiiM-like.

0.4**. In addition, they contained no rholine, iphingoiine, or at<eUl.\ ami 
Um than 0.1 per r>ent inoMtol. 

Solvent S, Fraclim The analytical data on thii eluent revealed it to
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bt miqiirly Um mijor plKMphainailtkle fracUon. A fntnimua of 96 per 
(m l of Um itKMital*4KinUinitig phoipkolipidw plaoed on the eokmn wm 
rerovMvd in thin fmrtion. When the aolveni p»ttern deseiibcd here wm 
und, nitnUar rrmilta were obtained with the phoifiholipideii from r»t livrr, 
b«e( liver, uid yeaai. T be« oomponenta contained inoiitol, f^etnA, 
fatty adds, and m all (contaminant) amount« of nitrofen (as aerine ami 
ethanoUmine). No choline, aphingoiine, or aoetala were present. The 
phoaphoinoatiidea are aoluble in chloroform, dry diethjl ether (99 per 
cent), and glacial acetic acid, are partially aoluble in wet diKhyl ether 
(95 per cent) and warm ethyl acetate (45**)» and are inaoluble in acetone, 
methanol, and ethanol.

When it is deuired to obtain thia component in bulk amount*, it 
preferable to utiliae the ethanol-inaduble fraction from the original pho^ 
pholipide imparation, which contains the major amount of the (rfiOB- 
photnoaitide (in two to three timea the original concentration). However, 
one ahouki be cognisant of the fact that the differentiation between the 
phosphoinoaitide and lecithin elution peaks ia not aa clear cut aa with the 
original phoaphoIi|Mde mixture. Hence, one must take more frequent 
aamplea near the expected change from one component to the other.

Sob/eni S, Fraction B—Thia fraction contained only the leddiins. A** 
ia evident from Figa. I; % *nd 3, the lecithins are removed from the column 
at a alow rate and with considerable skewing of the elution run’e. A 
closer examinaticM) cS. the compoaition of the fore and back portions of 
thia curve showed it to have an almoat identical composition, the only 
difference being in the degree of unsaturation. The fnmt half has a h i ^ r  
amount of unsaturated fatty acids present and the back half a much lesser 
amount. The results on the c(»nposition dL the two sections of the lecithin 
elution curve (from rat liver phospholipides) are shown in Table IV. 
However, the degree of unsaturation is not the only factor involved, as 
the yeast lecithin tends to have the same degree of unsaturation in both 
portions of the elution curve. Hydrolysis studies showed only choliue, 
fatty acids, and glycerophosphate to be present. An infrared spectrum 
of the preparations shows a typical curve for a phosphoglyoeride and the 
optical activity of these fractions was in the expected range [a |f  +6.0*’ 
to 6.3*.

In agreement with the observations of Long and Penney (19), it whs 
found that the lecithin fraction obtained via silicic acid columns is not 
attacked by lecithinaAo A. However, if this fraction is i>a.ssed through 
aluminum oxide, or through adjustment of the pH to 7.0, the attack by 
this enzymo proceeds in a nonual fashion.

Sidmtt 4 h'raclion -The final phosphoniM-coiitaining lipido ivmovwl 
from the colunin appeared to ooutain 80 to 85 pt'i ('<'nt of its nitrogi'n as n
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m«t«rki. It hM lohibttlljr chM iflarlitlai M te r  to 
tiKw nf oUmt «fihinfoHpidNi. H owvm , n ort cMlnHivt mnet h lem etion  
«tn the rhfmkmi Mturt of Uiis fmrtkxi Im* not btwi oIrtaiiiMi. In a l tbr 
onurrw ncaminfd hffv, thin frmcikm rontaiiMd «ll tte  frw Miiiiio m Mr 
pnw nt in the oriftinid mixture appHed to the column. Prior rHMmU of 
the amino arid* of the orif(in«l mrapto by paw ay through ealhtloHa rohimm 
«vr km (^rhaniie man* w ^ e d  writ, but there mw approorimately a 10 to 
'JO (irr rent lotw of phosphoUpide (paiticukrly the phonplMiiiaiitidei) in 
thif« operation. .\)thou|^i th m  waa only a trace amount of lyaolecithin 
in theee namplee, thin material was usually found in the eluent between 
the tail of the lecithin curve and the sphinfolipide fraction.

T ablb IV
Chemical Natun o f Laeitkin FrmeUoiu fn m  Ckromal»frmpk$ o f 

Rmt Lbm-Miaoi Fh»$pkotipHa§
Tha material obtained in the FraetkM B elutioa iadieated in Fig. 1 waa divided 

into two parta, a faat OMvinc eonpoaent (Tubee 88 to 105) and a slow nMmag ««■»- 
pooent (Tubee 106 to  190), and waa analyaed.

TakM N»>m

p. % .............................................................................. S.<2 S.SO
N, % ............................................................................ 1.77 1.71
Choline, % ................................................................... 14.5
N :P, molar ratio .......................... ................................ 1.03 ' 1.01
Choline :P , molar ratio ................................................ 0.99 O.M
Fatty  acid:P, molar ratio ........................................... 1.98 l.M
Hydrofen uptake, fatty acid, mu per mM 1.4 0.S8

DIBCV8810N

In the present invctitigation it has been nhown that a MitiflfM*tory tiepara- 
lion (jf many of the components of the mixed phoepholipideit from rat 
liver, beef liver, and yeast can be achieved through chromatography on a 
angle column of mlicic acid. In effect with varying mixturM oif rhlon>- 
form-metLftno] (4:1, 3:2, and 1.4), a combined phosphatidyl ethanol- 
amine-phoHphatidyl serine fraction, the phosphoinoaitideit, the lerithini*. 
and Mphingolipiden can be separated from each other and obtaineii in giHal 
yields. In the elution pattern described here, there is an initial fractiiMi, 
containing approximately 1 to 2 per cent of the total phonphoruM, which 
tnay contain tnu'4;s of gly(X‘rides, pigment«, sterols, and st(>rol glyi*<ini<l«<t«. 
'llic laMt eluted componetit (in Solvent 4 fraction) contained all the fr<<4> 
amino acids present in the original sample, the entire phosph<Mf>hiiixor«i«l«‘ 
fraction, and upon occasion traces of a compound thought to Im« lysolet'ithin
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Although only traccH of acetal phoHpholipid(>M were pmwnt in the onifinal 
phonpholipide hiixture (Med here, preliminary evident; in thi  ̂ f l̂><>rator\ 
on the separation of beef heart mitochondrial phwpholipidr^ with thf>« 
solvent sjrBtems indicated that the ethanolamine and the rholitie dfTiva 
tives would distribute themselves with their counterparts, ph<»?-phaf idyl- 
ethanolamine and phosphatidylcholine (lecithin), respectively.

88 to 95 per cent of the lipide phosphorus applied to a column can (><■ 
recovered in the fractions mentioned above. It w important to Mtn's-. a t  
this point that the presently described procedure ha.s worked well with th. 
mixed phospholipidcs from beef liver, rat liver, and yeast, but that it i> 
not a guarantee that it will work satisfactorily with every woun-e of ph<»' 
pholipides. As in any chromatographic procedure with compounds a« 
labile and perhaps as equivocal in composition as the pho«pholipidp'<. thi- 
presently described procedure is no pana<;ea. However, it does alloH a 
facile approach to the separation in a reasonable state of purity of rh* 
major components of these three tissues. Thus this can n*pr?*M*nt aii  
initial phase in the final purification of certain of the fractions.

Inasmuch as the results from these diverse sources showetl an alnio>f 
identical elution pattern and rather similar composition, a justifiablt- 
suspicion was cast on the possibility that artifacts had arisen during th«- 
iscdation and chromatographic procedures. How'ever, since the extraction 
procedure is performed under mild conditions and the chromatograms an- 
reproducible with different loading factors, it seems improbable that 
artifact production w'as of any significance. Moreover, a chroinat«*grani 
of egg-mixed phospholipidcs on silicic acid with the same solvents us<vl 
above showed the presence of only tw’o major components (r/. IlhiMlcs ami 
Lea (20)). Although these two components were contaminat^Hl w ith  

small amounts of other substances, these results sup|x>rt<><l the p r o p o s a l  
that no significant degradation of the mixed phospholipidcs o< < urn‘«l on  
silicic acid chromatogra{^y.

Of considerable interest was the hnding that 90 to 95 j»< r ccnt of tin 
inositol-containing phospholipides from all these sources ccnild In* ol)tuirn-<l 
in a single fraction; namely, the initial component in the Solvent fraction 
In \iew of this e\’idence, it would appear that this chromatoKrHphic pro 
cedure offers a derided advantage over the riassiral solvent m«*th<Kl <>( 
Fdch (21) for the isolation of phosphoinositides. .McKibhin (*i , ii'itm 
silicic acid chromatography, has isolated ph<lHphoino îtid(>s frmii liver, Imt. 
in contrast to the findings reported here, has ol»serv’e<l that ino-ituh - an 
present in ngnificant amounts in several different fractioii>. < »n«- 
explanation is that McKibbin used the etjuivalent of l.»» mis. "f I* |h t »rii: 
of silicic arid in his procedure compared to the 0.8 to 1.0 tug. of I’ jM-r jim 
of silicic acid a*ic«l in our experiments. It has been <»ur tirt’
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l«w«iinit fnrtor hifthrr thnn I.O titx. «if I* prr gnt. <>f nilicir hthI in
the o\Trhw«luif thr nilumn with thr r<»n*Hi«irnJ it( fh<* ph«wphf»-
iiuwitMlm in tpvf'rml liifTrn'iit fmrti<Min. In Mi<litioii it (irrn <>«ir 
rxiicrirnot* that the iw  of ihr nn»rr mibtlr rhmiffn* in fM»l*r milvrnt r«»nrcf- 
trnt«on!» iu« pnictiwi in n xtrirt RMMlirnt rlution trrhtii(|iir rp!«ult«Hl in 
c\>nsidrmb|p ovorlnpping of thr vnrioiin frArtion<*. Mrnre thr iw  «*f 
MiK«t«ntial rhsnftrs* in î >Iv»*nt roncTntrHlion!* npprnn* nr<‘«*«i»r>- to inxiir** 
a suitflMo n'{wration of thr iniiix idnal componi’nti* of a ph<R«phnii|>i«i4> 
n>ixtur»\

As has lirt'n indi«'at('<i pn*viou!*ly (h«h* ut«hT “ Itiwilfi*”), th«* nifthinl!* 
n'port* !̂ in thr litrrattirr for thr (piantitativr (>fitiniation of rlhanolnniinr 
and si'rinr in lipidr hy<ln>lyKat<*8 wrrr not h» wtiiifartory a* expertwl. 
IVrliaps onr of thr major difiirultit't* involv«l in a xuitablr analyraj« «if 
lipidrs for thrir nitnifct'nous riHnponrnta nwdcM in the pnwrdtirr rh«»Mi*n 
for thr hydn>ly.si8 of thr lipidea. Although littir attention hai* lieen 
din*ctrd toward this* a«pr<’t of the problem, it wa« found that anhydma*< 
mrthanolic 6 n HCI, an HiiggeMtrd by Artom (22), wa» thr mort rflfertivr 
hydrolj'tic a|;ent at reflux trmprratures and cauMHl thr Irawt fomiation <*f 
frrr ammonia frf)m rthanolaminr or «erine. Thr u«* of ai|ueoui< arkl» for 
thr hydroij'tic deromp<if«ifi<)n of thr lipidrn cauwtJ high prtKlu<*tion of fri'e 
ammonia (10 to 15 p«‘r cent). SubHequently the use of ion exchange 
n̂ sin.x (Amberiitr IUC-50) ha« prov’rd unefjuivoraily to be the mont rffertive 
prtK-rilun* for thr (juantitative Hrparation of rthanolaminr and Hrrinr. 
'Fhrough the um* of thiw mrfhfxl and by chrcltH on thr tola) nitrogf'ii «»f 
«*arh (*f thr Meparat(>d fractions, it ha>4 lx*rn found that in addition to thr 
rthanojaminr and .srrinr of Solvrnt 2 fraction of lKH*f livrr j>hoNpholipi<irs 
then* was an additional, prrviously unidrntifir<l nitr«)grnouH <-on»|»»rtM'nt.’ 
This <-ompouiid rrprr.s(*nt<Hl upproximatrjy .'H) jmt <‘rnt of thr total lipidr 
nitn)j;«-ri. Thr drtaiis of this iiivrKtigation will l>r n*fM)rt»>«l in a forth 
corning publication.

' i 'h c  jiiithf)rs uro  dr<*ply a p p r r c i a t i v c  r»f th e  c x c c l l r n t  a id  an«l s t i in u la tu iK  

c«»tnniciits o f  D r .  J u n e  O l l c y  d u r it iK  t h r  course* o f  t h is  in v e s t ig a t io n .

HI'.MMAUV

r i i c  c l i n n n a t u K r u p l i y  of tin* m ix e d  pli(>spb<ili|>idi‘.» f r o m  nil  l iver ,  Imi*! 
l iver ,  a n d  y e u s i  o n  a  !-in>tle sil icic uciti coii i inii  is de se r i lK i l .  T h r o u g l i  t h e  
!!.'<■ of v a r i o u s  j i i ix lureH (v  v) of c l i lo ro f o rm -n ie t l i a i io l ,  ni»Miely 1 : 1 ,  .'t:'.*, 
iiMij I : i,  a  s j i t i - f a c to r y  s4-paratioii  of l l ie  p i i o s p h o l ip id e s  i n t o  l ive  d i t ! e n ‘iit 
fr:i«lit»ii« is p<»ssili|e A p l io sp l i i i l i i ly le l Im n o la n i i i i e ,  plio>|)l ii tl idylM'rii it  
I r a ' t i o i i ,  t l ie  p h o sp l io i i io s i t id e s ,  a n d  lei i t l u n s  r o i n p r i ^ '  t h e  m a j o r  t r a c t i o n  
of till- l ip idex, al thoUKli HpliinKolipidex a n d  a n  u iuden t i t i i ' i j  low n i t ro ( ;en
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<'ou(MiiiinK phtw iihoiipiflf nrr* prrf»frit t«  a urtiHlI rx»#*fif. !*♦» to  ?».'» (n r rrn;  
of th e  iniMto)-«'t>ntiiitiinR ph«x«phn)ipifli*»< in in n fifiKlo fra'-tiofj nii<)
lhu«» inlnniur<*j* mi im pnm M l pnK’w liin ' for fho i*»«ilHtioTi of ph*»^phoirifr*i 
t i d w .
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