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FHOSPHOLIPID PATTERNS 
IN THE DEVELOPING CHICK ENBRYO 

INTRODUCT ION 

The phospholipid.s are a heterogeneous class of 

compounds. They have been shown to be complex esters 

which contain a nitrogenous base or a sugar, an alcohol, 

and long chain fatty acids. They may be generally 

divided into three groups, namely the phosphoglycerides, 

the phosphoinositides and the sphingoxnyelins. The phos- 

phoglycerides are diacylesters of a nitrogenous base 

derivative of L--g1ycerophosphate. Included in the 

phosphoglycerides are lecithin (phosphatidyl choline), 

phosphatidyl ethanolanine, phosphatidyl serine, and the 

plasinalogens (acetal phospholipids). The lysophospho- 

glycerides may be included here also. They are the mono- 

acyl counterparts of lecithin, ohosphatidyl ethanolainine 

and phosphatidyl serine. The phosphoinositides consist 

of monophosphoinositides, which are diacylesters of 

glyceryiphosphorylinositol, and the diphosphoinositides 

whose structure is still uncertain. Complex inositides 

have been isolated but appear to occur mainly in plant 

tissue. The sphingomyelins are a group of compounds in 

which a long chain nitrogenous base, sphingosine or some 

closely related compound, is esterified with phosphoryl- 

choline and bound to a fatty acid by an amide linkage. 
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Several other phospholipids which are much less 

abundant than the foregoing should be mentioned. These 

include the phosphatidic acids (diacylesters of L-ci- 

glycerophosphate), the polyglyceroiphosphatides and 

cardiolipin. The lysophospholycerides also could be 

included with these iqinor phospholipids since they are 

not nearly as abundant as are the phosphoglycerides. 

The structure and properties oif' the phospholipids are 

discussed in the treatises by Deuel (8, p. 405-14.74) and 

Hanahan (10, p. 1-177). 

As early as 1793 Foureroy (49, p. 9) showed the 

existence of complex fatty compounds in tissues. 

Vauquelin (49, p. 9) was the first investigator to prove 

the presence of phosphorus as a constituent of fatty 

material. Since the discovery of the phospholipids as 

constituents of tissue many investigators have contri- 

buted to the literature on the chemistry and occurrence 

of these compounds as is evident in the reviews by 

Wittcoff (49) and Deuel (8, p. 405-472). 

It was soon evident that the phospholipids were 

present in all the tissues of the animal body. The total 

amount of phospholipid present as well as the relative 

amount of each individual phospholipid present may vary 

considerably with the tissue. The proportion of the 

total lipid present as phospholipid also varies with the 
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tissue. This ubiquity suggests that the phospholipids 

may well be concerned with certain functions performed 

in or by all tissue. There is now good evidence that 

the phosphatides are intimately concerned with cell 

structure and with metabolic processes involved in cer- 

tain structural entities within the cell. It has been 

suggested that the phosphatides are involved in the 

processes of secretion and protein synthesis. Other 

important roles of the phosphatides are fat transport 

and blood coagulation. The role of the phosphatides in 

nervous function as components of the nayelin sheath is 

still uncertain. Reviews dealing with the metabolism 

and functions of the phosphatides have been compiled by 

Jittcoff (49), Dawson (7, p. 188-229), Kennedy (18, p. 

119-148), and Rossiter and trickland (38, p. 69-127). 

Egg yolk phospholipide have been studied exten- 

sively. Gobley (49, p. 9 and 320) first isolated phos- 

phatides from eggs in 1846. Koch and oods (19) reported 

that cephalin was the major constituent of egg yolk phos- 

pholipids. In later studied by Nottbohm and Nayer (33), 

Kaucher et al. (17, p. 203-215) and Tsuji et al. (244), 

it was reported that lecithin was the major component of 

the phospholipid fraction in the yolk. The most complete 

analysis of the egg yolk phospholipide is that of 
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Rhodes and Lea (37). By the use of alumina and silicic 

acid coluinn.s the phospholipids were separated and puri- 

fied. Their results show the egg yolk phospholipids to 

contain phosphatidyl choline (7.0), lysophosphatidyl 

choline (5.8,'o), sphingomyelin (2. 5,), phosphatidyl 

ethanolam.ine (15.O,b), lysophosphatidyl ethanolamine 

(2.1), and inositol phosphatides (O.6). The plasmai- 

ogen content was low (0.94 and O.2 amino acid contain- 

ing phospholipid was reported. 

In 1909 limmer and Scott (5) studied the changes 

in lipid phosphorus during the development of the chick 

embryo. They found a decrease in the phosphatide con- 

tent of the residual egg yoik, particularly after the 

sixteenth day of incubation. At the same time the lipid 

phosphorus of the embryo was found to increase. A large 

increase in inorganic phosphorus was observed and it was 

suggested that the phospholipide were being degraded to 

supply inorganic phosphorus for bone ossification. 

Nasia and Fukutomi (26) obtained similar results in 

their study of the egg yolk and embryo phospholipids. 

Cahn and Bonot (b, p. 99-479) reported the phospholipid 

content of the hen's egg to decrease fifty percent during 

the development of the embryo. At the same time the 

embryo phospholipid content was found to increase with 

age. Need.ham, citing the work of' c.ahn (31, p. 1208-1209), 
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states that the total amount of lecithin phosphorus rose 

regularly with age. On the basis of wet weight the 

lipid phosphorus increased up to the fifteenth day and 

then remained. constant. (in the basis of dry weight the 

lipid phosphorus increased until the tenth day of incu- 

bation and then proceeded to fall. 3ereno et al. (42) 

showed the lecithin content of the eg yolk to decrease 

during development with a concomitant increase in the 

developing embryo. .it the saine time the total lecithin 

content in the system was found to decrease. Jost and 

borg (16) demonstrated a parallelism between the fall of 

phospholipid phosphorus and total fatty acid content in 

the egg yolk during incubation. It was suggested that 

the phospholipide were being degraded in the yolk, but 

after the splitting off and oxidation of their fatty 

acids they were resynthesized. in the embryo from fatty 

acids supplied from the neutral lipids. Kugler (20) 

stated that phospholipid. metabolism in the chick embryo 

reached its inaximu.m between the fifteenth and eighteenth 

days of incubation. This conclusion was based on the 

observation that the yolk decreased to the greatest 

extent during this time and the increase in embryo phos- 

pholipids was the greatest during the sanie period. In a 

later study Kugler (21) observed that the lecithin to 

cephalin ratio remained three to one throughout 



development. Isuji et al. (44), in contrast to the work 

of Kugler (21), found considerable variation in the ratio 

of choline containing to non-choline containing phospho- 

lipids in the developing chick embryo. The percentage 

of tissue concentration of' total lipid phosphorus and 

lipid choline was found to remain relatively constant in 

the residual yolk but the percentage of these substances 

in the embryo decreased continually during incubation. 

The decrease in lipid phosphorus and lipid choline in 

the yolk was greatest between eighteen and twenty-one 

days incubation. The decrease in yolk weight and the 

increase in embryo weight were greatest during the same 

period of time. The increment of lipid phosphorus in 

the embryo was observed to be at a maximum somewhere 

between twelve and eighteen days of incubation. 

1zepsenwol et al. (43) studied the phospholipids in 

several individual tissues of the developing chick 

embryo. Lipid phosphorus was found to increase in all 

tissues studied from the eighth day of incubation. The 

greatest increase occurred in the brain. The lipid phos- 

phorus decreased before hatching in all the tissues 

studied with the exception of the brain, where it was 

found to continue to increase. 

The question of' whether the phospholipids of the 

chick are synthesized in the embryo or transferred intact 
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from the yolk to the embryo has been studied by Hevesy 

.;i;. 
(13). Eg;s were injected with radioactive phos- 

phate and incubated for various lengths of time up to 

eighteen days. The phospholipids extracted from the yolk 

showed negligible radioactivity while those extracted 

from the embryo had incorporated a considerable amount 

of the isotope. Thus they reasoned that since the embryo 

lipids showed a higher specific activity than the yolk, 

the embryo must be capable of phospholipid synthesis. 

By the use of bexosephosphate, labelled with radioactive 

phosphate, it was shown that the embryo phospholipide 

also became labelled upon incubation while the yolk 

phospholipids did not. It was proposed that the yolk 

phospholipids are hydrolyzed to yield inorganic phos- 

phate which is in turn transported to the embryo for 

the synthesis of the necessary phosphate compounds. 

Branson et al. (j), using eggs injected with radioactive 

phosphorus, came to the conclusion that the embryo first 

uses the inorganic phosphorus present in the egg yolk 

for synthetic purposes. Upon the depletion of the supply 

of inorganic phosphorus the organic phosphorus compounds 

of the yolk are hydrolyzed by a phosphatase activated or 

released by the embryo and the inorganic phosphate re- 

leased is utilized by the embryo for synthetic purposes. 

These results do not exclude the possibility of de novo 



synthesis of some or a particular phospholipid together 

with direct transfer of other yolk phospholiplds to the 

embryo. 

It is evident from a survey of the literature 

that considerable work has been done on phosphorus corn- 

pounds in the developing chick embryo, including some on 

the phospholipids. Very little work on the separation 

of the individual phospholipids during the development 

of the chick has been attempted. In view of the recent 

advances in the methods of separation and identification 

of the phospholipids and the many sug3ested roles of the 

phospholipids in metabolism and function, a study of the 

phospholipids appearing during embryonic development 

seemed to warrant consideration. 



MATERIALS AND NETHODS 

Materials 

Commercial preparations of the following con- 

pounds were used: Choline chloride from Merck and Co., 

chloroform and methanol from J. T. Baker and Co., 

sphingoinyelin from ylvana Chemical Co., lecithin from 

British Drug Houses Ltd., phosphatidyl serine, phos- 

phatidyl ethanolamine, inositol phosphatide, inyo-inositol 

and serine from Nutritional i3iochemicals Corp., ethanol- 
amine from iastman Organic Chemicals, 100 mesh silicic 
acid from Iallinckrodt Chemicals, i-iyf lo Juper-Cel from 

Johns-ansville Froducts, Kloeckera apiculata No. 9774 

and Neurospora crassa o. 44-86 from American Type 

Culture Collection, choline assay medium from Uifco 

Laboratories, deoxyribose nucleic acid (DNit) from 

Krischell aboratories, Inc. 

Methods 

Fertile eggs from 'hite Leghorn chickens were 

obtained from ianson's Hatchery, Corvallis, Oregon. The 

eggs were incubated at 100-101°F for the required time 

in electric incubators. 
Unincubated egs were used to prepare egg yolk 

lipids. imbryo lipids were extracted from embryos of 



eggs incubated four, six, twelve, fourteen and eighteen 

days. The embryos were removed from the eggs, rinsed in 

saline to remove any adhering yolk and membranes, then 

dropped into a solution of two parts of chloroform to 

one part of methanol. The number ol' individuals used in 

preparation of the various lipid samples and the approxi- 

mate wet weight of the samples are shown in Table I. The 

wet weight of the material was estimated by weighing the 

solvent before and after addition of the embryos. 

The extraction of the lipids from the egg yolk and 

embryos was carried out by homogenizing the wet material 

in a aring blendor with a solution of two parts of 

chloroform to one part methanol. The total volume of 

solvent used in the extraction was ten times the weight 

of' the wet tissue. The extraction was carried out in 

two steps, approximately one-half of the solvent being 

used in the first extraction with an extraction time of' 

fifteen minutes. After centrifugation, the precipitate 

was homogenized in the aring blendor with the second 

portion of the solvent. This extraction was of thirty 

minutes duration. À.fter centrifugation, the supernatant 

liquid was removed and combined with that from the first 

extraction. The precipitate was saved for protein and 

Di determination. The combined extracts were washed 

essentially by the method of Foich et al. (9, p. 499-500) 
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TABLE I 

Material No. Embryos Used. Wet Weight 

(g) 

Unincubated. egg yolk 3 40 

Four day embryo 500 43 

3ix day embryo loo 40 

Twelve day embryo 12 68 

Fourteen day embryo 6 66 

ighteen day embryo 3 66 
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using 0.88% KC1. vcluine of the wash solution equal to 

0.2 of the volume of the lipid extract was thoroughly 

mixed with the lipid extract. Liter centrifugation, the 

aqueous layer was removed. The second washing was re- 

peated three times using a solution of' chloroform, 

methanol and O.7' YCl (:4.8:L-7). This was done by 

layering an aliquot of the solution over the chloroform 

layer without disturbing the surface of the liquid. The 

aqueous layer was removed by siphoning. In order to 

check the completeness of the lipid extraction, the 

residue remaining after the usual extraction procedure 

was allowed to stand in ten times its volume of chloro- 

form for twelve hours. ifter filtration, the supernatant 

fraction was made to a known volume and aliquots were 

taken for phosphorus determinations. In a similar 

manner, the aqueous washings were dried and extracted 

with chloroform. This was done in order to ascertain the 

ainouiit of lipid phosphorus lost in the washing procedure. 

From the results obtained both methods were considered to 

be adequate. 

The washed lipid extract was evaporated to dryness 

in a rotary vacuum evaporator. The dried lipid sample 

was dissolved in 50 ml of chloroform and an aliquot was 

removed for total lipid phosphorus determination. The 

lipid solution was again evaporated to dryness in the 
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vacuum evaporator and dissolved in a small amount of 

chloroform. This solution was then applied to a silicic 

acid column. The lipid sample was usually applied to 

the column within four hours from the start of its pre- 

parati on. 

Ten grams of dried silicic acid and 5 g of Hyflo 

3uper-3e1 were successively washed and sucked dry on a 

sintered glass funnel with methanol and diethyl ether. 

The mixture was then made into a slurry with chloroform 

and poured into a glass column plugged with 1ass wool. 

The silicic acid colunn, 1.4 cm x 28 cm, was washed over- 

night by allowing chloroform to flow through it. The 

appropriate amount of lipid solution was applied o the 

column (0.6-1.0 ing lipid phosphorus per g of silicic 

acid). The neutral lipids were eluted with chloroform 

and the phospholipids with increasing concentrations of 

methanol in chloroform, using nitrogen pressure to main- 

tain a flow rate of 1.0-1.5 ini per minute. 2he elution 

scheme used is shown in l'able Ï. Fractions of 314O drops 

were collected with an automatic drop counting fraction 

collector. Usually between 160 and. 170 tubes were 

collected from each column. The volume per tube ranged 

from approximately 5 ml with the chloroform to 8 ml with 

methanol. 

The positions of the phospholipid peaks were 
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TABLE II 

1ution Scheme 

Chloroform 200 ml 

Chloroform:methanol 9:1 180 ml 

Chloroforin:methanol 4-:1 200 ml 

Chloroí'orm:methanol 250 ml 

Ohloroform:znethanol 1:4- loo ini 

methanol 100 ini 
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determined by phosphorus analysis (method of Bartlett 

(2)) on an aliquot of the eluate from each tube. The 

tubes containing the individual peaks were combined and 

diluted to a known volume. These pooled samples were 

used for subsequent qualitative and quantitative investi- 

gations of the nature of' the phospholipids. 

.Ehosphorus determinations on the pooled samples 

also were carried out by the method of' Bartlett (2). 

The micro-Kjeldahl nitrogen determination described by 

Lang (22) was used for all nitrogen determinations. 

Samples from each phospholipid peak were dried 

and hydrolyzed with 6N hydrochloric acid overnight at 

100-110°C in sealed tubes. The hydrolysates were washed 

twice with petroleum ether to remove fatty acids. after 

drying iii a vacuum desiccator, the hydrolysates were 

dissolved in distilled water and used for paper chroma- 

tography. 

The lipid hydrolysates were chromatographed on 

Whatinan No. 1 chroinatoraphy paper that had been washed 

successively with dilute hydrochloric acid and distilled 

water. scending one-dimensional chromatography was used 

with two separate solvent systems, ethanol-ammonia as 

described by Artom et al. (1) and butanone-methylcello- 

solve-acetic acid-water as described by agee (23). 
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After drying, the papers were sprayed with an ethanolic 

solution of ninhydrin for amino acids and other amine 

compounds. Bragendorf's reagent was used for detection 

of choline. Inositol was detected by a general carbo- 

hydrate test with ethanolic silver nitrate and by a 

specific test for inositol as described by Nagai (30). 

phingosine was detected by dipping the papers in a 

solution of sodium fluorescein as described by L3aito (L4.l). 

ua1itative paper chromatography of the unhydro- 

lyzed. phospholipid peaks was carried out on Thatman No. 1 

chromatography paper treated with formaldehyde, acetic 

acid and ammonium thiocyanate similar to the procedure 

described by k{rharnmer et al. (14). This consisted of 

thoroughly wetting the papers, rolled in a cylinder, with 

a solution of formaldehyde, acetic acid and ammonium 

thiocyanate (100:6.5:0.2, v/v/w). The soaked papers 

were autoclaved for eight hours at 12100 and. 15 pounds 

pressure. The water washed and air dried impregnated 

papers were spotted with solutions of the individual 

phospholipid peaks and with solutions of commercial 

samples of lecithin, sphingomyelin, phosphatidyl inosi- 

toi, phosphatidyl serine and phosphatidyl ethanolamine. 

The solvent system consisted of the upper phase of the 

system butanol-acetic acid-water ('4-:i:5) mixed with di- 

ethyl ether in the ratio of four parts upper phase to 
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one part of diethyl ether (y/y). The chromatograxns were 

run in a cold laboratory at 0-4°C by the ascending tech- 

nique. After drying, the papers were sprayed with a 

solution of ninhydrin in acetone to detect amine con- 

taining compounds or dipped in a O.25 aqueous solution 

of malachite green to detect lipids in general. 

.ttenipts at quantitative paper chromatography of 

hydrolysates of the peaks containing serine and ethanol- 

amine by the method of iagee (23) were unsuccessful. 

The failure was considered to be due to the use of in- 

sufficient amounts of the phosphatides, since known sam- 

ples of serine and ethanolamine carried through the same 

procedure gave adeguate standard curves. 

uantitative choline determinations on the peaks 

shown to contain choline were carried out using a 

Neurospora crassa mutant, ILTCC No. 34486, as described 

by Horowitz and Beadle (15). The cultures were grown on 

sterile Bacto choline assay medium containing the proper 

aliquots of hydrolysates from peaks V and VI. Recrystal- 

lized choline chloride, equivalent to 0.2 to 40 .&g of 

choline, was used as a standard. The cultures were 

allowed to grow for five days at room temperature. hf ter 

autoclaving for 10 minutes, the spores were collected, 

dried under a heat lamp and weighed. Choline concentra- 

tion was directly related to spore weight. Table III 



TÂBLi III 

Typical 3tandard Curve for Choline 

cg choline mg N. crassa spores 

2.3 

1 6.4 

2 8.6 

4. 14. 

8 22. 

10 27. 

15 33. 

20 38. 

25 40. 

30 37. 

40 4.1. 
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shows the results of a typical standard curve. 

Kloeckera apiculata, ATOC No. 9774, was used for 

quantitative estimation of inositol in the phospholipid 

peaks shown to contain inositol by paper chromatography. 

The assay medium resembled closely that described by 

Williams et al. (48). The cultures were grown at 30°C 

and read turbidimetrically in a Coleman Jr. Spectro- 

photometer at 625 m about every 24 hours up to 120 

hours. A standard curve was run with each determination 

using myo-inositol as the standard. Results of a typical 

standard curve are shown in Table IV. 

For quantitative assay of sphingosine, a mod.ifi- 

cation of the iicKibbin and Taylor procedure (28) was 

used. Aliquots of the peaks to 'be analyzed for sphingo- 

sine were dried and hydrolyzed in test tubes with 4 ml 

of saturated barium hydroxide, using a sand bath to main- 

tain a temperature of approximately 100°C. After 5 hours 

0.4 ml of concentrated hydrochloric acid was added to 

each sample and the hydrolysis continued for an aJditional 

2 hours. The hydrolysates were extracted with three por- 

tions of chloroform, the first consisted of 5 ml and the 

final two of 3 ini each. The combined extracts were dried 

and dissolved in a known volume. Aliquots were used for 

total nitrogen determination by the xnicro-Kjeldahl 

method (22). 
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TABLE IV 

Typical $tandard Curve for Inositol 

g inositol C.D. at 625 rn,ti, at 120 hours 

0.2 0.01 

.017 

0.7 .025 

1.0 .031 

1.5 .0k3 

2.0 .051 

3.0 .068 

5.0 .11 

8.0 .18 

10. .19 

20. .21 

30. .22 

40. .21 
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rua1itative identification of sphingosine in the extracts 

was established with fluorescein as described previously 

(41). 

3eparation of phosphatidyl serine from phospha- 

tidyl ethanolamine in peaks II and III was achieved by a 

modification of the method of Rouser (4-O). Five grams of 

dried silicio acid were successively washed and sucked 

dry on a sintered glass funnel with methanol and then 

chloroform. After s1urrin the mixture in a solution of 

four parts of chloroform to one part of methanol, it was 

poured into a glass wool plugged column of 1.0 cm 

diameter. When the column neared d.ryTness 20 ml of a 

solution of chioroforiri, methanol and concentrated 

ammonium hydroxide in the ratio of 80:20:1 was passed 

through the column. Nitrogen pressure was used to main- 

tain a flow rate of 0.5-0.7 n1 per minute. The lipid 

sample, in a solution of chloroform and methanol in the 

ratio of four parts ch1orofori to one part methanol, 

wa applied to the column when it neared dryness. The 

elution was carried out with 150 uuil of a solution of 

chloroform and methanol in the ratio of four parts 

chloroform to one part methanol, followed by 50 ¡nl of 

methanol. Approximately 35 tubes were collected from 

each column. Ithospholipid peaks were located by phos- 

phorus analysis as described previously (2). 
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Protein and DN determinations were carried out 

on tile residual material remaining after lipid extraction. 

The residue was dried, weighed and pulverized with a 

mortar and pestle. portion (200 mg) was taken and 

homogenized with cold trichioroacetic acid in a 

Dounce homogenizer. After centrifugation the precipitate 

was extracted again with 5. trichioroacetic acid for 

15 minutes in an ice bath. The precipitate obtained by 

centrifugation was extracted with 952e ethanol and centri- 

fuged. The precipitate was extracted twice with 5 mi. 

portions of 5> trichioroacetic acid for 15 minutes at 

90°C. The combined extracts were used for DNA determin- 

ation by the diphenylamine reaction as described by 

Burton (5). The precipitate remaining after the final 

extraction was used for total protein nitrogen determin- 

ation by the micro-Kjeldahl method described earlier. 
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RESULT 

Results are given in Figures 1-6 for the separ- 

ation of the lipids extracted from unincubated egg yolk 

and chick embryos from eggs incubated for four, six, 

twelve, fourteen and eighteen days. Considerable differ- 

ence is observed between the profile of the egg yolk and 

those fron the embryos. On the other hand, the profiles 

of the embryo lipid separations at different ages remain 

quite similar except for cthanges in the relative amounts 

of lipid phosphorus contained in the individual peaks. 

Table V shows the percent of the total lipid phosphorus 

in the individual peaks.. ihe different values were ob- 

tamed in separate experiments. Table VI lists the major 

nitrogen constituents and other components identified by 

paper chromatography and spot tests. The range of the 

nitrogen/phosphorus values obtained for each peak are 

also shown. 

Comparison of the lipid constituents of yolk with 

those of the embryo shows that the most striking change 

observed is the emergence of serine containing phospho- 

lipids. In addition, it can be seen that two new phos- 

pholipid peaks appear in the embryo, namely I and. III. 

It is thought that peak III of the egg yolk is a solvent 

change artifact due to tailing from peak II. The small 
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TABLE V 

Percent Lipid Phosphorus 
in Individual Fhospholipid keaks 
luted from ¿ilicic cid Columns 

Peak Number 

I II III IV V VI 

70 i1 

Egg 19. 3.9 72. 5.3 

4. day embryo 2.8 19. 10. 3.2 58. 6.2 

6 day embryo 4..0 21. 10. 6.5 52. 8.9 
2.k 23. 6.5 3.9 58. 6.5 
2.9 23. 11. 4.3 55. 4.5 

12 day embryo 2.9 26. 4.5 2.1 56. 9.1 
3.1 25. 5.6 2.3 54.. 10. 
3.3 23. 7.6 4.7 51. 11. 

14 day embryo 3.2 25. 5.0 5.8 50. 11. 
2.4 25. 5.3 2.8 53. 11. 
2.4 24. 8.2 5.0 50. 11. 
2.7 22. 8.1 4.8 50. 12. 

18 day embryo 2.2 19. 8.6 7.3 51. 12. 
3.4 22. 5.6 10. 45. 14. 
2.8 21. .6 3.7 50. 1k. 
2.9 18. 11. 4.1 51. 13. 
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TÂBLi1 VI 

Ratios of Nitrogen to .rhosphorus 
and. Principal Constituents 

of Eluted Thospholipid eaks 

Feak No. i/ Iïajor Constituents 

gg I 
II 1.1 Ethanolaznine III 1.1 Ethanolainine 
Iv 

V 1.1 Choline 
mo sito i 

VI 1.6-2.1 Choline 
Sphingosine 

'4. day embryo I 0.9 Serine II 1.0-1.2 Ethanolainine 
Serine III 1.1-1.5 Ethanolainine 
Serine 

IV 0.9-1.0 Ethanolarnine 
Serine 
Inositol 

V 1.0-1.1 Choline 
mo s i toi 

VI l.5-l.9 Choline 
3phingo sine 

6 day embryo I 1.0-1.2 erine II 1.0-1.1 nthanoiaxnine 
Serine III 1.1-1.3 thano1ainine 
Serine 

1V 0.8-1.0 Jthano1amine 
Serine 
Inositol 

V 1.0-1.1 Choline 
Inositol 

VI 1.9-2.1 Choline 
Sphingosine 

12 day embryo I 0.7-1.0 Serine 
II 1.1-1.3 Ethanolaxuine 

Serine 
Continued on next page 
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TAJ3L VI - Cont. 

Peak No. IIajor Constituents 

III 1.0-1.2 thano1amine 
Serine 

IV 0.7-0.9 Ethanolamine 
Serine 
Inositol 

V 1.0-1.1 Choline 
mo sito 1 

VI 1.5-2.0 Choline 
Sphìngosine 

1L day embryo I 1.0-1.5 Serine 
II 1.0-1.1 Ethanolainine 

Serine 
nI 1.0-1.1 ithano1amine 

Serine 
IV 0.7-0.9 Ethanolamine 

Serine 
Inositol 

V 0.9-1.2 Choline 
mo sito 1 

VI 1.5-2.1 Choline 
Sphingosine 

18 day embryo I 1.2-2.3 Serine 
II 1.0-1.3 Ethanolamine 

Serine 
III 1.1-2.5 Ethanolamine 

Serine 
IV 0.8-1.3 Ethanolamine 

Serine 
V 1.0-1.5 Choline 

Inositol 
VI 1.9-2.0 Choline 

Sphingo sine 
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shoulder labelled 1V in the embryo profiles is not 

present in the egg yolk profile. 

Peaks II and III of the egg yolk have ethanolamine 

as the sole constituent. Peak V contains choline and a 

small amount of inositol lipid while peak VI has choline 

and sphingosine as the identified lipid components. 

The only constituent identified in acid hydroly- 

sates of peak I of the embryos is serine. Peaks II and 

III of' all ages of the embryo studied have been shown to 

contain serine and ethanolainine phospholipids. The small 

shoulder just preceeding the major phospholipid peak is a 

mixture of serine, ethanolamine and inositol phosthatides. 

The major peak consists mainly of choline phospholipide 

with a small amount of inositol phospholipid and peak VI 

has been shown to contain choline and sphingosine as the 

constituents of the phosphoilpids. The high nitrogen! 

phosphorus values obtained on this peak would suggest 

that the sphingolipids are predominant. 

In an effort to estimate the amount of serine and 

ethanolamine phospholipide present in peaks II and III 

of the embryos, they were separated further. Typical 

separation curves for peaks II and III are shown in 

Figures 7 and 8, respectively. Chromatography of the 

eluted lipid peaks on. impregnated paper revealed single 

spots with ninhydrin and with malachite green, lia and 



250 

200 

w 
03 
D 
E- 150 

Q- 

s. 

50 

0 8 6 24 32 
TUBE NO. 

L, 

4 



3G 

'Ji 

tD2O 
D 
I- 

cL. 

FIGURE 8 
SEPARATION OF PEAK III USING 

CHLOROFORM:METHANOL 4:1 

0 8 16 24 32 
TUBE NO. 



36 

lila containing phosphatidyl ethanolaznine and lib and. 

IIÏb containing the serine phosphatide. iaper chroinato- 

graphy of the acid. hydrolysates of the separated peaks 

showed. the presence of mainly ethanolaniine in peaks lia 
and lila, with very minor amounts of serine and. uniden- 

tified ninhyd.rin reactive compounds. One of the un- 

identified compounds was shown to contain phosphate by 

spraying with the solution describei by Burrows et al. 
(4). Ïeaks lib and Ilib were shown to contain serine 
and minor quantities of' other nin.hydrin reactive com- 

ponents. 

Table VII gives the percent of the total lipid 
phosphorus present as phosphatidyl serine and phospha- 

tidyl ethanolamine in peaks II and III. Galculations 
are based on. the assumption that peaks lia and Ilib have 

ethanolamine as the sole phosphatide component and peaks 
lib and ilib have phosphatid.yl serine as the only phos- 
pholipid component. 

Table VIiI gives the data on estimation of inosi- 
toi present in peaks IV and V. The calculations are 
based on the assumption of a molar ratio of unity of 

inositol/phosphorus in the inositol phosphatides present. 
Table IX gives the quantitative data obtained from 

analysis of peaks V and VI for choline and peaks VI for 
sphingosine. The values for choline/phosphorus are 
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TABLE VII 

Fercent of Total Lipid hosphorus Present 
as erine and 1thanolamine hospholipids 

Peak o. Constituent Total Lipid k 

/0 

L4 day embryo lia Ethanolaniine 18. lila 6.6 lia + lila 24 

lib serine 1.5 
11m 4.0 
lib + Ilib 5.5 

6 day embryo lia Ethanolainine 22. lila 6.5 
lia + lila 28. 

lib Serine 1.2 
Ilib 4.2 
lib + 11Th 5.4 

12 day embryo lia thanolamine 20. lila 2.7 
lia 2 lIla 23. 

lib serine '4.4 
Ilib 2.9 lib + IlIb 7.3 

14 day embryo lia Ethanolaniine 19. lIla 4.2 lia + lIla 23. 

lib serine 3.1 IlIb 3.9 lib + IlIb 7.0 

18 day embryo lia thano1amine 14. lIla 3.8 lia + lIla 18. 

lib 3erine 6.9 
IlIb 3.7 
lib + IlIb 11. 



TABLE VIII 

stimation of .Lercent of Total Lipid thosphorus 
Present as i'hosphoinositides 

Peak No. Phosphorus Total Lipid P 

/0 

J4. day embryo IV 29. 0.9 
V 5.5 3.2 

6 day embryo 1V 27. 1.2 
V 7.0 3.7 

12 d&y embryo IV 30. 1.3 
V 3.9 1.9 

l- day embryo IV 15. 0.7 
V 5.2 2.6 

18 day embryo IV 12. 0.5 
V 8.0 



TABLE IX 

stimation of Ratios 
of Choline to Lipid Phosphorus 

and 3phingosine to Lipid Phosphorus 

Peak No. Choline/P Choline/P Sphingosine N/I 
Acid Hydrolysis Basic Hydrolysis 

gg V 1.0 
VI 0.9 1.0 

¿4. day embryo V 0.8 0.8 
VI 0.5 0.6 0.9 

6 day embryo V 0.9 1.? 
VI 0.3 0.6 1.3 

12 day embryo V 0.9 0.8 
VI 0.2 0.L4 0.8 

14 day embryo '1 0.8 1.3 
VI 0.2 QL4. 0.9 

18 day embryo V 0.8 0.7 
VI 0.2 0.6 1.0 



usually lower than unity, which is in part due to the 

presence of inositides in peak V. Table gives 

choline/phosphorus ratios calculated using molar phos- 

phorus values for peak V from which the molar amounts of 

inositol present in peak V have been subtracted, assuming 

inositol/phosphorus ratio of unity. 

Table (I shows the change in lipid phosphorus 

during the development of the chick embryo when compared 

to DNA, protein nitrogen and fat-free dry weight. The 

ratio of lipid phosphorus to J)i appears to remain 

relatively constant in all the ages of the embryo studied. 

The ratios of lipid phosphorus to protein nitrogen and 

fat-free dry weight, on the other hand, decrease steadily 

throughout development, as does the ratio of to pro- 

tein nitrogen. The differences in the two separate 

determinations are in part due to the fact that in the 

first set of values the extraction of DNA was only carried 

out once, while in the second determination the extraction 

was repeated a second time. All values of lipid phosphor- 

us on the six day embryo in the second set of values are 

too low due to loss of some of the lipid during prepar- 

ation of the sample. 

Table ì.II summarizes the data on percent of total 

lipid phosphorus present in each individual phospholipid. 



TABLE X 

Estimation of Ratio of Choline to Phosphorus 
using Total Phosphorus Values 

Corrected for Inositol in Peak V 

- --- 

Choline Total F1 P - N Inositol Choline/P 

4 day embryo 89 107 0.85 

6 day embryo 84 89 0.9k 

12 day embryo 117 122 0.98 

14 day embryo 112 128 0.89 

18 day embryo 81 97 0.85 

-I 



TABLE XI 

Estimation of Lipid Phosphorus resent 
on the Basis of DNA, Protein Nitrogen and Dry Weight 

ing Lipid P mg Lipid P mg Lipid k mg DNA 
mg DNA mg Protein N* gDry mg Protein N 

Egg 3.2 0.18 0.06 

6 day embryo 0.12 0.064 6.5 0.53 

12 day embryo 0.13 0.059 5.0 0.'-14 

14- day embryo 0.13 0.04-6 4.3 0.35 

18 day embryo 0.17 0.035 2.5 0.20 

4- day embryo 0.10 0.057 5.6 0.55 

6 day embryo 0.095 0.04-2 4.7 0.45 

12 day embryo 0.11 0.045 4.8 0.4-1 

114rn day embryo 0.11 0.032 3.7 0.30 

18 day embryo 0.11 0.019 2.5 0.17 

*Fat.free Kjeldahl nitrogen 
Fat-free Dry weight 



TABLE XII 

verage Fercent of i1uted Lipid i'hosphorus Present 
as Individual Phospholipids 

Peak io. Constituents Percent Lipid Phosphorus 

irnbryo Age (in days) 

Egg 4- 6 12 1k 18 

I Serine .Lhospholipids 2.8 3.1 3.1 2.7 2.8 
II berme Ihospholipids 1.5 1.2 4-.4 3.1 6.9 

ithanolamine Phospholipids 19. 18. 21. 20. 19. 14. 

III Serine ±hospholipids 4.0 4-.2 2.9 3.9 3.7 
ii.thanolarnine Phospholipids 3.9 6.4- 6.5 2.7 k.2 3.9 

IV Inositol .k'hospholipids 0.9 1.2 1.3 0.7 0.5 
Serine ihospholipids 
Ethenolamine Phospholipide 

V Choline Phospholipide 72. 58. 55. 53. 51. 4-9. 
Inositol Phospholipids 3.2 3.7 1.9 2.6 4.1 

VI iphingomyelin 5.3 6.2 6.6 10. 11. 13. 
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DISCUS 3ION 

The egg is the source of nourishment for the 

embryonic development of all animals except the mammals. 

It is known to contain considerable amounts of lipid 

material including phospholipid. The phospholipids of 

the chicken egg yolk have been separated, purified, and 

identified as previously indicated. Very little infor- 

mation on the separation and identification of the in- 

dividual phospholipids of the developing chick embryo is 

available. The chick embryo would seem to be an ideal 

source of material for such a study because of the ease 

of identifying the stages of development and the relative 

abundance of material. The major drawback to its use in 

the study of phospholipids is the number of embryos re- 

quired to obtain a sufficient amount of material at the 

early incubation stages. The phospholipids are noted for 

being easily autooxidized and. being subject to autolysis 

during extraction and purification (10, p. 13-15; 40, p. 

113-ilk). Considering these facts, dissection of the 

many embryos required for such a study at the early 

stages could become a limiting factor, since relatively 

long periods of time may elapse between the beginning of 

the dissection and the application of the lipid to the 

column. It is conceivable that such lengths of time 
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might result in extensive alteration of the extracted 

lipids and thus introduce certain artifacts. 

Table V shows the results of the individual 

separations of egg yolk and chick embryo phospholipids. 

It can be seen that there is some variation between in- 

dividual separations of the phospholipids from the saine 

embryonic age. Considering the methods and biological 

material used, the agreement is remarkably good. The 

variation may be due to several factors; the silicic 

acid columns used were poured from unused silicic acid. 

.lthough the silicic acid may be from the saine lot, it 

is difficult to obtain columns with identical properties. 

Other differences such as temperature variation on a 

given day and differences in temperature from day to day 

certainly have an effect on the elution of the phospho- 

lipids. Uncertainty in localizing the exact tube to be- 

gin a particular fraction also may affect the percentage 

of lipid phosphorus found in each peak, particularly 

peaks III and IV, where the separation was not very 

precise. 

Not listed in Table VI as major constituents, but 

usually present in small amounts, were certain unidenti- 

fied ninhydrin reactive compounds. t least one of these 

coincided with a phosphate spot and thus may have been 

serine or ethanolamine phosphate. The possibility cannot 



be excluded that the remainder of these unidentified. 
conipounds may have been components of the phospholipids. 
It seems more likely that they were artifacts produced 

by extraction, probably amino acids rendered soluble by 

the lipid. solvents as described by Dawson (7, p. 192). 

Contamination of lipid extracts is a common occurrence 
and is not limited to amino acids but may also include 
sugars, sterols, urea and. many inorganic compounds. Al- 

though nitrogen contaminents are present as evident from 

paper chromatography, most of' the U/... ratios are remark- 

ably near unity as shown in lable VI, indicating a rei- 
ativelj small amount of contamination by non-lipoidal 
nitrogen. 

Jhe separation of lysophosphoglycerides f ron phos- 
phoglycerides was not achieved in this study. Comparison 

of the results of the egg yolk lipid separation with the 
results of Jihodes and Lea (37) may still be of interest, 
if one considers the total etanolamine phospholipid and 

the total choline phospholipid as a basis for comparison. 
Table XII shows 23% of the total lipid phosphorus as 
ethanoiainine and 77 as choline, if peaks Il and III are 
considered as ethanolainine and peaks V and VI as choline 
containing phospholipids. These values compare favorably 
with the respective literature values of 17.1; and 82.3%. 

The variation observed may be due to differences in the 
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breed of chicken used or the diet of the hens from which 

the egß's were obtained. 

It can be seen from Figures 2-6 that the phospho- 

lipid profiles remain similar throughout the period of 

development studied. The major changes taking place 

appear to be in the relative amounts of lipid phosphorus 

located in each individual peak as shown in Table XII. 

It is interesting to note that the total percentage of 

the lipid phosphorus present in peaks 1-IV and peaks 

V-VI remains essentially constant throughout the period 

studied. 

The only constituent identified in peak I of the 

embryo lipids is serine. 3imilar results were obtained 

by Hanahan .(ll, p. 69) in a study of the rat liver 

phosphatides. Ïn view of' the wide range of nitrogen to 

phosphorus ratios obtained for peak I and the evidence 

of nitrogen contaminants in the lipid extracts, the 

possibility exists that this peak may contain some 

nitrogen contaminants such as amino acids. Chromatog- 

raphy of the nitrogen constituents after hydrolysis in- 

dicated that the principal nitrogen compound was serine 

but small amounts of other amino acids were encountered. 

ùince this peak constitutes 4, or less of the total phos- 

pholipid this also means that the nitrogen determinations 



are subject to a greater error than occurs with larger 

peaks. Thus values of ratios of' 0.7 to 1.5 reason- 

ably may be considered 1.0. 

Peaks II and III have been shown to contain serine 

phospholipids and ethanolamine phospholipids in varying 

amounts. The reason for the unsuccessful separation of 

these two types of phospholipids is unknown but this 

seems to be a common phenomenon in silicic acid chroma- 

tography ('i-0). Further separation of these compounds as 

shown in Figures 7 and 8 has permitted calculation of 

the percent phosphatidyl serine and phosphatidyl ethan- 

olarnine present in peaks Il and Ill as shown in Table 

VII. The assamption was made that all the phosphorus 

eluted in the first peak was ethanolarnine and that In 

the second peak was serine. There appears to be an in- 

crease in the phosphatidyl serine between fourteen and 

eighteen days of incubation as shown in Table All. 

Correlation of this change with morphological or func- 

tional change in the embryo at a corresponding time seems 

unwarranted because of the lack of' information on the 

distribution and. function of phosphatidyl serine in the 

chick embryo. 

Inositol has been shown to be present in peak IV 

to the extent shown in Table VIII, assuming a ratio of' 

unity for inositol to phosphorus for all the inositides 
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present. The microorganism used for quantitative assay 

of inositol has a lower growth response to inositol 

phosphate than to inositol (10, p. 110). The relative 

proportion of inositol and. inositol phosphate in the 

hyd.rolysates was not determined due to the small amounts 

of total phospholipid occurring in this peak. It seems 

evident that the inositides represent only a small per- 

cent of the total phospholipids and little change in 

concentration occurs during development. Jerine and 

ethanolainine also were shown to be present in peak IV. 

Hanahan (11, p. 693-695) has shown the presence of serine 

and ethanolamine in the inositide fractions of phospho- 

lipids from beef liver, rat liver and yeast. 

s is evident from Figures 2-6, peak V is the 

major phospholipid peak throughout development, repre- 

senting approximately one-half of the total lipid phos- 

phorus. The major constituent is lecithin but a signi- 

ficant amount of inositol containing lipid is also 

present as shown in Table VIII. It can be seen from 

Table IX that the ratio of choline to phosphorus is less 

than unity. The presence of inositol is in part respon- 

sible for these low ratios. Table X shows a recalcu- 

lation of the ratios, using corrected lipid phosphorus 

values obtained by subtracting the molar values of 

inositol from the total molar phosphorus values. 3uch 
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calculations result in a ratio of choline to phosphorus 

nearer unity. It appears that the relative lecithin 

content of the embryo decreases slig.htly during develop- 

ment. 

ieak VI is prolably the most interesting since it 

shows the most significant change. The presence of 

sphingosine and cholii'ie and the ratios of nitrogen to 

phosphorus approaching two indicate this peak consists 

mainly of sphingoxnyelins. The most striking change in 

relative concentrations of the phospholipide is found in 

this peak. The percentage of lipid phosphorus as 

sphingouyelin at least doubles between the fourth and 

the eighteenth days of incubation. 2he possible signi- 

ficance of this change will be discussed. 

Although the situations are no the carne and the 

techniques used were different, it is interesting to 

compare the changes in relative proportions of lecithin, 

cephalin and sphingomyelin in the developing chick with 

those obtained from the growing rat by williams et al. 

(46, p. k66). studying rats at birth, fifteen days, 

forty-five days and seventy days of' age, they showed 

the percent lipid phosphorus as lecithin to change from 

7L1 at birth to 33 at forty-five days and 37, at seventy 

days of age. Cephalin was found to be 2O,, 59i and 50,, 

respectively, while sphingomyelin increased from 6 to 
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i%. Table XII shows lecithin to decrease from 584 to 

49/e between four and eighteen days incubation while 

sphingomyelin increased frani 6} to l3). If one considers 

peaks I-Iv as cephalin, very little change is noted in 

the cephalin fraction. In a subsequent study i1liams 

:i (47) studied the changes in the relative amounts 

of lecithin, cephalin and. sphingomyelin in several indi- 

vidual rat tissues at fifteen, forty-five and seventy 

days of age. In general there appeared to be an in- 

crease in the relative percentage of cephalin and a de- 

crease in the lecithin with increasing age in all the 

tissues studied. phingomye1in appeared to vary inde- 

pendently, increasing in some tissues, decreasing in 

some and remaining relatively constant in others. .3uch 

results illustrate the futility of attempting to corre- 

late changes in gross phospholipid composition with 

specific morphological or functional changes. 

Nevertheless, the doubling of the relative aphin- 

gomyelin content between four and eig1iteen days of incu- 

bation seems to be significant enough to warrant some 

consideration. It has been sugested that brain forma- 

tion during development takes place in four rather 

dLstinct periods (27, p. 179-180). The first period is 

one of rapid cell division in which the cell number of 

the brain nearly reaches the adult level, even though 
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the weight Is only a fraction of the adult weight. The 

second period is considered to be characterized by growth 

in size of the individual cells. In the third period of 

formation, the overall growth rate decreases, but some 

new processes coinnience, the most prominent of these in 
its effect on activity and composition, is inyelin sheath 

formation. In the fourth period the overall growth pro- 
ceeds slowly to the adult level while inyelination re- 
mains quite active. The period of active myelination 
and. development of well defined electrocorticograrns in 
the chick embryo is between ten and nineteen days of in- 
cubation (12, p. 39). A marked increase in the sphingo- 

myelin content in the chick embryo bruin between the 

thirteenth and sixteenth days of incubation is reported 
by iiandel et al. (2i-). in the phospholipids of the whole 

chick embryo, an increase In the sphingoznyelin content 
from 6' to l3> between four and eighteen days incubation 
is seen in Table LII. This period of incubation nearly 
spans the active myelination period of the chick ebryo 
and the increase in sphingomyelin during this time may 

well be due mainly to the phenomenon of myelination. 
The evidence presented is only suggestive and it should 

be recognized that equating quantitative changes in the 
sphingomyelin content with inyelin sheath formation suf- 
fers, not only from lack of information on the lipid 
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composition of' the sheath, but also rests on the uiiproven 

assumption that an increase in sphingomyelin represents 
niyelin sheath lipid simply because it increases at the 
saine time the myelin sheath appears. Ievertheless, it 
seems reasonable to suggest a correlation between this 
morphological and biochemical change. 

Consideration of the data presented in Table XI 

shows the ratio of lipid phosphorus to deoxynucleic acid 
(uNi) to remain relatively constant throughout the period 
of development studied. Jince DNA can be used as an in- 
dication of the cell number, this could be taken as an 

indication of a constant amount of lipid phosphorus per 
cell, regardless of cell type. such a conclusion would 

seem to be untenable in view of the suggestions made 

previously about the formation of the brain. For ex- 
ample, if the brain has nearly the adult number of cells 
during the first stage of development, 0-10 days incu- 
bation, its DN4 content would of necessity remain rela- 
tively constant during the remainder of its development 
and growth. On the other hand, iiande1 et al. (2Li) have 
shown a large increase in the phospholipid content of 
the chick brain between twelve and sixteen days of incu- 
bation, both in quantity and in concentration as percent 
of dry weight. From this example it would be obvious 
that the lipid content of a brain cell does not remain 



5L1. 

constant during development, but increases. more 

likely suggestion is that the relatively constant ratio 

of lipid phosphorus to DIL is a coincident happening 

during differentiation, that is, individual tissues vary 

in their relative phospholipid content, some increasing 

while others are decreasing. The net effect of such 

changes in the individual tissues results in a constant 

ratio of lipi4 phosphorus to .UNA. 

As one would expect, the DNA to nitrogen ratios 

decrease throughout development. Such a change results 

from continued growth of the cells which were produced 

during the early stages of' rapid proliferation and the 

general tendency for the mitotic index to decline during 

development (25). The continued growth results in in- 

creased nitrogen accumulation while the declining mitotic 

index results in a decreasing rate of DNA accumulation. 

The DNA results are in general agreement with 

those of ang et al. (45), who showed a decline in the 

ratio of DNA to fat-free dry weight in the chick embryo 

during development. Such a change is observed in the 

data presented in Table XI. Iovikoff and iotter (4) 

and Reddy et al. (36) have studied the changes in DNA 

during the development of the chick embryo. The results 

of' these workers do not appear to agree but Narrian 

et al. (25) states that this is due to an error in a 
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caption in the publication of Novikoff and rotter (34). 

Recalculation of the data shows it to be in agreement 

with that of Reddy et al. (36). Thus the DNA content 

on a dry weight basis is shown to increase until about 

fourteen days of incubation and then to decline. It is 

difficult to compare the dry weight data mentioned above 

with the fat-free dry weight data presented in Table XI. 

This investigation has shown that certain changes 

in the phospholipids occur during the development of the 

unincubated egg into an embryo and further changes, 

namely in the relative concentrations of the individual 

phospholipid.s, occur within the embryo as development 

progresses. The change noted between egg and embryo is 

suggestive of phospholipid synthesis by the embryo. The 

presence of such a synthetic system in the embryonic 

tissue as well as phospholipids with the same constitu- 

ents as those found in adult tissues emphasizes the unity 

of biochemistry, while diversity is evidenced by the 

changes in the relative concentration changes in the 

phospholipids during development and the variation be- 

tween individual tissues as noted in the introduction 

and discussion. 



SUINrIARY 

The phospholipids of unincubated egg yolks and 

embryos from four, six, twelve, fourteen and. eighteen 

days of incubation have been separated on columns of 

silicic acid and Hyflo uper Gel. The major phospho- 

lipid components of the peaks obtained have been identi- 

fled by hydrolysis and paper chromatographic techniques. 

.uantitative estimations of ethanolamine, serine, choline, 

inositol, and sphingosine containing phospholipids were 

made. 

Phospholipids of the egg yolk were found to con- 

tain ethanolamine, inositol, choline, and sphingosine. 

The embryo phospholipids were found to have the same 

constituents as the egg yolk with the addition of serine 

phospholipids. 

The li1id profiles of the egg yolk were found to 

differ considerably from those obtained from the embryos. 

Only three peaks were evident in the egg yolk, while six 

separate fractions were obtained in the separations of 

all embryonic ages studied. The pattern of the phospho- 

lipids in the embryos remained similar throughout the 

period of development studied. Changes in the relative 

amounts of lipid phosphorus in the individual peaks were 

observed, particularily in the sphingomyelin containing 
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peak. The sphingomyelins were found to increase from 

6 of the total lipid phosphorus at four days incubation 

to l3; at eighteen days of incubation. It has been 

suggested that this change may be a reflection of active 

inyelination in the nervous system of the developing 

chick embryo. The lecithin content was found to de- 

crease from 58> to 49,o during the saine period of time. 

On the basis of DNA the lipid phosphorus content 

was found to remain relatively constant between four and. 

eighteen days of incubation. Lipid phosphorus content 

based on fat-free Kjeldahl nitrogen content and. fat-free 

dry weight were both found to decrease throughout the 

developmental period studied. 
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