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(b) 150 s 300 mm (Corning No. 694.2) contained 200 nil of solvent and employed 

i+O S 140 mm paper; these jars, capped by a glass plate containing a center hole 
for the hanger, \vere used for our normal analytical run of 2-G 11 (cf. Fig. Ib, right- 
hand jar) . 

(c) 150 x 450 mm (Corning No. 6912) contained zoo ml of solvent and employed 

140 s zgo mm paper; these jars were used when runs longer than G h were necessary 
for greater separation of the various phosphatides ‘(cf. Fig. ~b, left-hand jar), 

Fig. I. (a) Chromatogramming in the small jars ; normally only one sample was placed on each 
paper; howcvcr, with cart to keep the area of sample application small, 2-3 extracts could be 
quite satisfactorily esaminecl on each paper. (b) G-S samples were chromatogrammccl on the wide 
papers shown hex-c : our cspcricnce has indicated that an intermccliate length paper wo~11cl probably 

Lx the most gcncrally useful. 

2. lmp~~cgrzntio~t of +zper 

Potassium silicate was freshly prepared by slowly (during 3 min) pouring a shu-ry of 
aoo g silicic acid (IOO mesh powder, Mallinckrodt or Baker Analytical reagent) in 
400 ml lvater into a freshly prepared solution of potassium hydroxide (113 g Baker 
Analyzed Reagent in 400 ml H,O) using a 3 1 beaker and stirring briskly with a teflon- 
covered magnetic stirrer. This solution was cooled to room temperature, diluted to 
I 1, and filtered through pyres ~001 into a 320 x 340 mm pyres tray. The filter paper 
(140 x ago mm) was immersed in this solution for 5 min, let drain vertically for 
3 min, then immersed in 6 IV NC1 for IO min. The HCl was removed by running tap 
water 30 min and 3 ten-minute changes of distilled water. In this way escessive 
washing, which tended to leach the silicic acid from the paper, reducing its capacity, 
was avoided. -4fter drying at room temperature, they were extracted by immersion 
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in ch!Ioro!e&xrno1 ((2 : 1, v/v) and again air dried. Papers impregnated by 
various diiunti0nns of tbia 200 g/&I s&n~ion were also stxndied; their I0wer capacity was 
,generaBy of no xUvantage_ Eqa.nivaUmt impregnahiows were obtained from a 5 : 2 

~diIuti0m olE DuPount’a Potassiuurn Skate Solutiomn ~EBectior~ics No. 1001 Technical). 
CBear sohnGxks of a inumber of c0mmerci;alsod.i~ sikate preparations (do-42 o 

Be) dilluted P:P, in general. made papers ofllo~ capacityl msdtiragin streaking and 
with Zess ~~~i$orrun proper&s U&II ahe h\\;o above; these gapers tended to tear due 
tto an excess of akaI.i, making haCUing &fKcdt and were 0ften tbll! of bubbles due 
to an excessive carbonate conaltent of the sikate sohatiows_ 

The gene%I ka~anres to be &scribecI \vere observed with aM of the fohowing tilter 
paper.s impregnated as &scribe& aWn~u@x ORI& Whatman No. I and Schleicher & 
SchGll~o~3b \vere extensive@ esaminxd : 1Wnatma.n Nos. p:, 2,3&M, 4, 5, 7, 1 I, 20, 3 I 
Double, +~,q, ;arM, e,, 50~ ~z,s+; S&Reicher & Sch6.I.E Nos, z043b, 598_ There is no 
‘doubt thaw a careM screening co&I Ilead. %o &he sekction of one 0r more of these 
papers e.speciaUy un.sefu_nI f0r specific mdyses~ As a de, the tWi&er papers. had greater 
capacity &ne B0 their heavier impregnatisn. 
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2. One hour small ‘jar run at room temperature to demonstrate’thc influence of- H,O 
:ration in effecting resolution of infarct plasmalogen‘ 8 and cardiolipin 7. Extract was 
t infarcted dbg heart1 chromatogrammed on Whatman No. I silicic acid-impregnated I 
&one IOO, methanol 25, and water from left to .right o, I, 2, 4, 6 and 8. Plasmalogen 

rhodamin stain. 
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3, One hour room temperature run of normal .mqnkey heart extract. Whatman No. I 
nate’d paper in ketone IOO, pyridine 75, and water left to right b,‘r , 2,. 4, 6 and 8. With s 
!rs 8 parts of ‘water was sufficient to reduce the mobility of cardiolipin to that of phosphal 

ethanolaminc. 
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PAPER CHROMATOGRAPHY OF PHOSPHATIDES 535 

, Same extract and paper as Fig. 3, in ketone IOO, acetic ‘acid 40, water from left to I right 
4. 6 and 8; (a) 

lhterial labeled 
3 h at z”. (b) I h at room temperature, plasmalogen and rhodamin sl :ain. 

? had propertics resembling lysolecithin in this solvent system, but nc A in 
of the other solvent systems as was demonstrated by chromatogramming this ext :ract 

psolecithin. Notice that cardiolipin 7 was &solvable only in mistures of low water cant :ent. 
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Fig. 5. One hour room !&mpera- 
ture run on same extract and 
paper as Figs. 3 *and + K&one 
I 00, methanol left to fi:ght 10, 
20,30,+0 ; water 2. ; plas11~I0gca 
and rhodarnin stain, Similar ge- 
neral patterns were .obtainod on 
changing the pyridine *or acetic 
acid concentration in fheir P;e- 

spective soken* sy&ems. 
4, . . . 
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methanol IOO : IO and chloroform-ethanol IOO : 15 were similar to the methanol system 
above, but were much less reproducible even with added water. 

-4 less estensive esamination of other ketones (3-methyl-a-butanome, +methyI- 
2-pentanone, a-pentanone) in various ratios with methanol, pyridine, etc., failed to 
indicate any general advantage. The higher boiling point of 2,6-dimethyl-4-heptaunone 
was probably responsible for the greater resolving power of this ketone in mktures 

as described. 

4. Chrontntogrnphic procedure 

Estracts of various animal tissues were prepared according to the method of FOECH 
et al.-‘; alternately the tissue was freeze-dried and extracted with chloroform-methanol 
2 : I, IO ml/Ioo mg dry weight of tissue ; 25 ,ul of these estracts was generally adequate 

for analysis. Our estensive experience with cardiac muscle phosyhatideslv 2~ 3 has led 
us to use extracts of this tissue for control purposes when chromatographing estracts 
from other sources. Familiarity with the behavior of lecithin a.nd the cepha.lins in 
these cardiac muscle estracts as well as their various enzymatic hydrolyses products= 
was far more useful for the interpre;ation of unknowns than dependence of RF 

measurements (which were found tk<, be too variable) and on isolated standard 

phosphatides which frequently did not keep well even when refrigerated_ Similarly 
the complete battery of spot-tests should be utilized” in order to completely charac- 
terize the components of each extract. Two-dimensional chromatograms were utilized in 
order to localize the phosphatides resolved by one solvent system and not by the other; 
in this way an understanding of the limitations of each solvent system was obtained.. 

On some occasions, i.e., when the neutral lipid content was high, it was found 

desirable to prepare the chromatogram in the usual way, but before running in one 
of the phosphatide solvent systems, the neutral lipids were brou,ght to the top of 
the paper by a preliminary run in acetone. After drying, the paper was then run in 
the usual manner. An estension of this technique was to use a long (140 x 2go mm) 
paper, bring the neutral lipid to the half-way point with acetone, cut the paper in 
two and chromatogram separately the top half for neutral lipids and the bottom 
half for phosphatides in the usual manner. 

5. Spot-tests 

Spot-tests useful for characterization of the phosphatides were employed as described 
earlier’. It is essential to emphasize that spot-tests for pl?srnalogens, after washing 
briefly in 0.005 &I H,SO, to remove residual pyridine, etc., and for unsaturatiorn 
should be done promptly after completion of the chromatogram in order to avoid 
the complications arising from air oxidation”. 

RESULTS A?JD DISCUSSIOS 

The principal results are illustrated by Table I and the figures. In ad&t&m it was 
observed that the mobilities of the lysophosphatides were also markedly i.&knenced 
by the solvent ratios and were thus not always separable from other phosphatides, 
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As indicated, it was possible to achieve very adequate resolution of most of the 
phosphatides providin, e appropriate adjustments in the solvent ratios were made to 

meet the situation at hand. In this way we have becomes less dependent on the availa- 
bility of silicic acid standardized for chromatography or on stable silicate solutions. 

TABLE I 

DI_-\GRAJI OF THE GESERAL CHROMhTOGRAPHIC RELATIONSHIPS Ol3SERVED 
IS THE THREE SOLVEXT SYSTEMS DESCRIBED 

In each case IO is at the solvent front. The numbers at the right of each column arc intcndccl to 
indicate the x-ariability in the relative mohilities of cardiolipin and phosphatidyl swine, 7 and 5 
resp. ; as seen from Figs. 2, 3.4. their mobilities are markedly influenced by the water content of the 

chromatographic solvent and are thus not always separable from phosphatidyl ethanolaminc. 

Neutral lipid IO 

Phosphatidic acid 
Infarct plasmalogenl z 

7 Cardiolipin 

1 

7 
Phosphatidyl ethanolamine G 

Phosphatidyl serine 5 
Lecithin 
Lysophosphatidyl ethanolamine f 
Sphingomyelin z? 
Lysolecitliin I 

Although we have examined a large number of extracts freshly prepared from 
many normal tissues from a variety of animal species, we have never observed free- 
plasmal (higher fatty aldehyde obtained on hydrolysis of plasmalogen) which, in the 
solvent systems described, would appear at the solvent front2 and would react im- 
mediately with the leuco-fuchsin of the plasmalogen spot-test. Even prolonged storage 
in the cold did not result in the production of free-plasma1 in most of these estracts. 

The substance labeled cnrd~olipin was observed in most tissues examined, with 
the exception of brain and is the subject of continued investigation. 

Techniques for the uniform impregnation of filter paper with silicic acid for the chro- 
matography-of phosphatides under controlled conditions are described. 
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NOTE ADDED IN PROOF 

The influence of water on the chromatographic mobility of phosphatidcs has also been discussed in 
arezcentpaper by J_ E. ML'LDREY, 0. N. MILLER ASD J. C. HAMILTON, J. Lipid Research, 1 (1g5g)48. 
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