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Abstract. Lytechinus pictugggs were fertilized and in- (Epel, 1967; Epel et al., 1969; Humphreys, 1971), there
cubated at 10, 16, and 23°C until the early blastula stages no evidence ofle novabiosynthesis of the major phos-

of embryonic development. The phospholipid composi-pholipids (i.e., PE and PC) in the early stages of embry-
tion of the embryos and control unfertilized eggs remainonic development. Thus, it appears that lipid assembly
identical and unchanged as incubating temperatures aiato newly formed plasma membranes of sea urchins in
varied; thus, neither incubating temperature, fertilizationthese early stages of development occurs from a biosyn-
nor membrane assembly affect their total phospholipidthetically static pool of phospholipids within the embryo
composition. This result agrees with metabolic studiegSchnell & Lennarz, 1974; Byrd, 1975; Pasternak, 1977,
by others, using only a single incubation temperatureKozhina et al., 1978). The absence of enzymes active in
and indicates that embryonic development to the earlythe biosynthesis of phospholipids (Byrd, 1975; Armant et
blastula stage occurs with little, if ange novophos-  al., 1986) is further support of this conclusiate novo
pholipid biosynthesis. However, as in all poikilotherms, synthesis of membrane lipids is not observed until per-
the phospholipid composition of the nascent plasméahaps after the blastula stage (Kozhina et al., 1978). Simi-
membranes varies with the incubation temperaturelar observations have been reported for chick and toad
Thus, until the blastula stage of embryonic developmentembryo development (Siek & Newburgh, 1965; Pechen
the lipids of these newly formed plasma membranes aret al., 1974; Alonso et al., 1982). These studies of lipid
derived from lipid pools within the embryo whose phos- biosynthesis considered only a single incubation tem-
pholipid composition is static. The variation of plasma perature, but echinoderms are capable of embryonic de-
membrane composition is primarily reflected in an in- velopment over a fairly broad range of temperatures
crease in the phosphatidylethanolamine (PE): phosphat{Hinegardner, 1967). For other poikilotherms, such as
dylcholine (PC) ratio as incubating temperatures de-bacteria, plasma membrane lipid composition is gener-
crease; this is achieved by an exchange of PE for PCally modified by metabolism as membrane assembly in
Several mechanisms are considered for the specificity ofhese organisms accommodates to changes in incubatior
the selective sorting and assembly of these phospholipidemperature (Farrell & Rose, 1967; Erwin, 1973). Does

into the nascent plasma membranes. a similar accommodation of the membrane lipid compo-
sition occur in sea urchins when incubation temperatures
Introduction are varied? If lipid composition of the nascent plasma

membranes does change with incubation temperature,
Although protein and nucleic acid synthesis in sea urchirhow is it achieved? Does the phospholipid pool in the
eggs is initiated almost immediately after fertilization egg change? We have addressed these questions in fer
tilized eggs ofLytechinus pictusncubating at tempera-
tures that span the range of viable conditions for embry-
* Present addressAmerican Management Systems, Fairfax, VA onlc_qevelopme_n_t, 10-23°C, and measuring the phos-
22033, USA pholipid compositions of the yolk platelets and the newly
formed, nascent plasma membranes at the blastula stag
Correspondence td\.L. Gershfeld of development. As controls, the total phospholipid
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composition of the entire embryo and unfertilized eggsplaced into the incubation bath (10, 16, or 23°C), and the egg suspen-
maintained at the same incubating temperatures wergon gently stirred with a motorized paddle rotating at 5 rpm until the

: : ly blastula stage of growth is reached. This stage of development

also measured. Our study shows that, as incubating tent®™Y ge of g 9 p
. y 9 occurs after 20-24 hr at 10°C, after 15-18 hr at 16°C, and after 8-10
peratures are varied, the nascent plasma membrane phgs;

pholipid composition changes while the phospholipid Az

composition of the unfertilized eggs, embryos, and yolk

platelets remain unchanged. Thus, plasma membrane aSEPARATION OF PLASMA MEMBRANES AND

sembly in the early stages of development for these aniY oLk PLATELETS

mals appears to involve a selective recruitment of phos-

pholipids from a static pool of embryonic lipid unper- Plas_,ma memprane and yplk platelet separation f_rom the embryos is
turbed by |ipid metabolism. A central feature of this attained by using sequentially the procedures of Kinsey (1986) for the
study is the application of the critical bilayer theory of membranes, and of Armant et al. (1986) for the yolk platelets. The

. ipe . procedure used in our study is as follows. When the early blastula
membrane assembly for identification of the newly stage is reached, the embryos are harvested from the incubating ASW,

formed membranes (Gershfeld, 1988 Gershfeld &  and resuspended at 4°C in a buffer, diluted 1:1 with distilled water,
Ginsberg, 1997). The discussion which concludes thisonsisting of a solution of Ca-Mg-free sea water (CMF-SW) containing
study examines several mechanisms for the lipid selecprotease inhibitors (PI) aprotinin, leupeptin, and pepstatin, each at 1
tion process. wg/ml, (CMF-SW/PI). All the following steps are performed at 0—4°C.
Following Kinsey (1986) the sample is homogenized using a size C
Potter-Elvehjem homogenizer. The entire 1 ml homogenate is depos-
Materials and Methods ited on a discontinuous sucrose gradient consisting of 2 ml 60% (wt/
vol) and 2 ml 45% sucrose made by adding sucrose to CMF-SWI/PI.
The gradient is centrifuged for 4 hr at 100,000 i a swinging bucket
PREPARATION OF GAMETES AND EMBRYOS rotor (SW-50.1). Two bands form: an orange band consisting primarily
of yolk platelets at the top of the 45% sucrose step covered by a thin
Sea urchins oEytechinus pictusvere obtained from Marinus Biologi-  clear CMP-SW/PI layer, and a thin colorless turbid band containing
cal Supply (Long Beach, CA) and kept in recirculating artificial sea plasma membranes at the 60-45% boundary. After removal of the
water at 16°C for several months. Gametes were obtained by injectioglear CMP-SW/PI layer, the upper yolk platelet band is removed for
of 0.5 m KCI into the coelomic cavity. Eggs were collected in sea further centrifugation. The band containing membrane is removed to a
water; sperm were collected “dry” and stored at 5°C. To determine thescrew-top test tube that is then filled with nitrogen, sealed with a
range of temperatures that embryos will survive until the swimming Teflon-lined cap and stored at —20°C until its lipid components can be
stage of development, eggs were fertilized and incubated at variougxtracted ¢ee beloyw Following the procedure of Armant et al.
temperatures. Development was poor or nonexistent above 25°C df1986), the yolk platelet band is layered on top of a discontinuous
below 10°C, and therefore incubation was limited to within this tem- sucrose gradient consisting of 2 ml of 10% and 2 ml of 35% sucrose
perature range. The following protocol was generally followed in this containing CMP-SW/PI. This is a variant of the gradient used by Ar-
study. The eggs from 5-7 animals are passed through a Nitex filtefnant et al., who used three steps 10, 25 and 35% sucrose for their
(112 m mesh) to remove debris, combined and gently mixed, and thergradient. Their results showed two broad bands of approximately equal
washed with pH 8 artificial sea water (NaCl, 24.7 g/l; CaC2H,0, volume, one centered at the 10/25% boundary but spread over both, and
1.32 g/l; NaSQ,, 3.7 g/l; HEPES, 1.3 g/l; NaHCQ 0.2 g/l; a second within the 25% sucrose solution; the first band was pure yolk
MgCl, - 6H,0, 10 g/l; pH 8.0) (ASW) containing Ampicillin (100 platelets, and the second consisted of yolk platelets contaminated with
wg/ml) three times, using gentle aspiration to remove the ASW washesmitochondria. We chose our 10/35% step gradient to further separate
The jelly coats of the pooled eggs are removed by suspending the egghe pure yolk platelet band formerly observed at the 10/25% boundary.
in pH 5 ASW containing Ampicillin for 3 minutes; this is followed by ~ The gradient is then centrifuged at 100,009 m a Beckman SW-50.1
centrifugation at low speed to pack the cells and to remove by aspira¥otor for 16 hr. Two bands form, one at the top of the 10% step, and
tion the pH 5 supernatant. The eggs are then resuspended in pH 8 AS\ie other at the 10-35% boundary; a small amount of material is also
containing 1 o 3-amino-1,2,4-triazole to facilitate removal of the observed as a pellet at the bottom of the 35% step. Since the densities
fertilization membranes, and 1Qay/ml Ampicillin to inhibit bacterial ~ of the two bands correspond to the ones found by Armant et al., we
growth. Eggs are divided into three portions: o be fertilized and ~ assume the two bands at the 10 and 35% density steps represent the tw
incubated until the early blastula stage at one of three temperatures 1g0lk platelet fractions reported previously (Armant et al., 1986); we
16 and 23°C;i{) unfertilized but to be incubated at the same tempera-have named the lower and high density bands YP-1 and YP-2, respec-
tures and for the same duration as iy (iii) to be analyzed for their ~ tively. Each of the fractions is collected in tubes with Teflon-lined
phospholipid content without fertilization or incubation. Eggs are fer- screw tops, then flushed with nitrogen, capped and stored at —20°C
tilized by injecting “dry” sperm (5Qul), into an egg suspension (200 until processing for extraction of lipids.
ml) maintained at 16°C. When >95% of the fertilization membranes
have formed the membranes are removed by passing the eggs through
a Nitex filter (112j.m mesh) at room temperature. The filtered cells, EXTRACTION AND QUANTITATIVE ANALYSIS OF LIPIDS
now free of fertilization membranes, are allowed to settle and the
supernatant is removed and replaced with pH 8 ASW containing Am-The method of Rose and Oklander (1965) was adapted to extract the
picillin. The entire process: sperm injection, fertilization membrane lipids from eggs and from each of the embryo fractions. To each of the
formation (both at 16°C), and filtration (at room temperature, 20°C) fractions, approximately 1-2 ml, 11 ml isopropyl alcohol is added, and
takes about 45 min, and was always completed before first cell divisiorthe mixture is vortexed intermittently for a minimum of 30 min; 7 ml
occurs, the earliest cell division occurring after about 1-2 hr at theof chloroform is then added, and the resulting mixture again vortexed
highest incubation temperature (23°C). The fertilized eggs are thenntermittently for 30 min. The final mixture will normally form a
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single, clear solution phase of the lipid with water from buffer or tissue Jin et al., 1998), and for the present study we have utilized the shear-
that may be present, and a precipitate of protein that can be pelleted bstress method (Gershfeld & Ginsberg, 1997). In this method a constant
a low speed, bench-top centrifuge. However, the presence of relativelghearing stress is applied to a suspension of multilamellar vesicles
large concentrations of sucrose from the gradients in each of the fraceomposed of membrane lipids and encapsulating a water soluble fluo-
tions altered the phase relations of the isopropyl-chloroform-water ex+escent probe 5(6)-carboxyfluorescene, (Molecular Probes, Eugene,
traction system; two liquid phases appear, a lower phase consistin@R) at self-quenching concentrations; the sample fluorescence is
primarily of chloroform, and an upper phase of water, with isopropyl scanned as a function of temperature. In a narrow interval approaching
alcohol partitioned between the two phases. Under these conditions the physiological growth temperature ©f the cellular source of the
quantitative separation of the lipid and protein components is problemiipid the bilayers weaken, are ruptured by a threshold shearing stress,
atic. These conditions may be reversed by the stepwise addition o&nd fluorescent dye from the vesicles enters the external aqueous phase
isopropyl alcohol to the mixture until only a single liquid phase forms. is diluted and fluoresces. When temperatures excegdefkage of
The protein is then sedimented by low speed centrifugation leaving dluorescent probe from the vesicles decreasegisThus readily iden-
clear solution phase containing lipid; this phase is easily decantedtified and indicates that the lipid in the dispersion has been obtained
The solution is evaporated under a stream of nitrogen and the driedlom membranes that have been assembled at the incubation tempera:
lipid is redissolved in 1 ml chloroform, the tube filled with nitrogen, ture of the embryos. Typical results for samples of the multilamellar
sealed and wrapped with Al foil to shield the solution from light, and vesicles formed from the nascent plasma membrane lipids pictus
stored at —20°C. are shown in Fig. 1.

Two methods are used for quantitative phospholipid analys)s. (
In the first method we used two-dimensional thin layer chromatography o
with silica gel G 20 cm x 20 cm plates (Alltech, Deerfield, IL). The Abbreviations
two solvent systems used in the 1st dimension chloroform/methanolCL  cardiolipin
NH,OH/water in the volume ratios 45/22/6/1, and in the 2nd dimensionLPC  lysophosphatidylcholine
chloroform/methanol/water in the volume ratios 65/25/4. After the PA  phosphatidic acid
chromatograms are developed the plates are sprayed with an aqueoB§  phosphatidylcholine
solution of rhodamine G and the lipid spots identified by their fluores- PE phosphatidylethanolamine
cence under UV. The spots are scraped, collected and their phosphorf¥>  phosphatidylglycerol
contents assayed by the method of Rouser, Fleischer & Yamamot®! phosphatidylinositol
(1970). (i) In the second method we used HPLC with detection by anPS phosphatidylserine
evaporative light scattering detector (ELSD) (Sedex model 50, Richard/P ~ yolk platelet
Scientific, Novato, CA). A gradient flow system is formed using two T* temperature of critical bilayer assemblygTgrowth tempera-
solvent systems consisting of A: chloroform/methanol/water/8H ture = Ty, incubation temperature
(30%) in the ratio (vol) 60/34/5.5/2 and B: chloroform/methanol/
NH,OH (30%) in the ratio (vol) 80/19.5/0.5; a flow rate of 1 ml/min
with a varying gradient consisting of 0 to 100% (A) in 16 min con- Results
cluding with 100% (A) in 4 min. The silica column used is.& (100
x 4.6 mm) (Advantage Si). The ELSD detector requires calibration of
each phospholipid by measuring the scattered light signal as a functioft HOSPHOLIPID COMPOSITION OF EGGS, EMBRYOS AND
of lipid concentration. Since the signal intensity depends on the type of NASCENT PLASMA MEMBRANES AS A FUNCTION
fatty acids on each phospholipid class, we use a mixture df thectus OF TEMPERATURE
egg lipids (1-1Q.g/10 pl per injection) whose concentration has been

determined by thin layer chromatography as a standard for calibration—.ro monitor the influence of temperature on the phOSphO-
For the unknown samples agreement betweeen the two methods iflpid composition of each of the embryo components we

within the experimental error of each method (x5%). The ELSD . . ..
method requires much smaller samples (<1%) for quantitative analysiéjse the molar ratio of PE to PC. Since these |Ip|dS are

of lipids than thin layer chromatography; it is invaluable for measuring the major phospholipid components of these tissues and
the lipids in membranes because only a small amount of material igepresent more than 80% of the total phospholipid con-
available. tent of embryos (Kozhina et al., 1978), their ratio will be

a sensitive indicator of whether the composition has been
affected by temperature. Table 1 shows this ratio for
eggs, for embryos and the two yolk platelet fractions
YP-1, pure yolk platelet and YP-2, yolk platelet contami-

: - nated with mitochondria, and for the plasma membranes
As an independent check that the membrane lipids are from plasma . . o
membranes that form during embryonic development, we utilize aat incubation tempe'ratures of 10] 1,6 a”‘_j 23°C. Ateach
property of phospholipids that is exhibited only at the physiological t€mperature the ratio of PE:PC is identical for the em-
growth temperature where membranes assemble, i.e., the incubatiddryos and for the control incubated unfertilized eggs.
temperature. Bilayers formed in aqueous dispersions from the totalThus, neither fertilization nor incubation temperature af-
lipid ex_tracts of cell me_rr_lbranes are in a unique physical, crit_icgl statefects the relative amounts of PE and PC in the eggs and
T e e T ettt 5 T n e embryos. Although th rato o PE fo PC difers
have been extracted (Gershfeld,‘ 1986; Ginsberg, Gilbert & Gershfeldbet\’.\/een th.e two yolk platelet fractions of the embry.o’
1991; Gershfeld & Ginsberg, 1997: Jin et al., 1998). A number of th€ incubating temperature has no effect on these ratios.

techniques have been employed to demonstrate the existence of thisne average of the two yolk .pla-telet fractions is approxi-
critical lipid state (Tajima & Gershfeld, 1985; Gershfeld et al., 1993; mately the same as the ratio in the eggs and embryos.

IDENTIFYING MEMBRANE LIPIDS BY THE
SHEAR-STRESSMETHOD
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Table 1. Molar ratio PE:PC (#p) in incubated unfertilized eggs, embryos, yolk platelet fractions YP-1 and YP-2 of embryos, and plasm
membranes as a function of incubation temperaliye for L. pictusat the early blastula stage of development

Tine °C Incubated, Embryos YP-1 YP-2 Plasma
unfertilized membranes
eggs
10 0.42 £ .04 (10) 0.41 +.04 (5) 0.29 +£.03 (13) 0.54 +£.05(17) 0.70+.04 (8)
16 0.43+.03 (4) 0.43 £.07 (6) 0.29+.01 (4) 0.54 +.03 (13) 0.65+.01 (2)
23 0.40 +.05 (11) 0.40 £ .05 (6) 0.29 +.05 (16) 0.52 +.05 (16) 0.51 +.06 (10)

2 Number of measurements

The total phospholipid composition of each of theseTable 2. Phospholipid composition (mole %se) of eggs, embryos,
preparations is given in Table 2. Because we could noyolk platelet fractions YP-1 and YP-2 of embryos, and plasma mem-
discern any statistically significant temperature depenbranes ofL. pictusat the early blastula stage of development

dence for each of the phospholipid components, these

data were calculated by pooling all of the temperature PE+PC PEPS i Totd
results for each of the preparations. This also permittegggs 82 + 5(18) 6 + 3(18) 3 + 1(18) 97%
a better estimate of the composition contributed by theembryos 85 + 4(11) 4 + 2(11) 3 + 1(11) 96%
minor components of PI, PS and PG. The sum of PE andP-1 86 +5 (9) 4+3 (9 4+1 (9 98%
PC is remarkably constant at about 85% in each of th&P-2 84 +5 (9 6£3(9 31 (9 99%
samples of egg, embryo and YP fractions, and this valu&'asma membranes 88 + 4 (8) 3 + 1 (8) 4 + 1 (8) 98%

d_oes not ch.ange Wlth incubating temperature.. This con; Remaining phospholipids consist of LPC, PA, and CL
firms for all incubation temperatures what previous stud-p oo c o rements
ies have demonstrated for a single temperature, that no
de novabiosynthesis of these phospholipids occurs in the
development of the embryo to the blastula stage. The
concentrations of Pl and PS are equal and approximatel 7 i ; .
5%: PG content is 3-4%. These phospholipids constitut e blastula are similar to the corresp_ondmg fractions in
more than 96% of the total phospholipid content of these?99S: embryos and yolk platelet fractions.
preparations. The remaining lipids are composed of
small amounts of LPC, PA and CL; the eXperimentalVERlFlCATlON THAT THE MEMBRANE LIPIDS ARE FROM
errors do not allow an assessment of whether the CO”NASCENT PLASMA MEMBRANES, THE
centrations of these minor components change with in-SHEAR-STRESSMETHOD
cubating temperature. However, if their concentration
does vary with temperature, these changes must be small.
The phospholipid composition of the eggs and embryosAlthough the composition of the lipids obtained from the
are similar to those reported for the sea urcBininter-  45-60% sucrose gradient interface varies with tempera-
medius(Kozhina et al., 1978). ture, as might be expected for membranes of poikilo-
In contrast to the eggs and embryos, the incubatiortherms, an independent verification that these are mem-
temperature exerts a significant effect on the PE:PC ratidorane lipids is necessary. The shear-stress methea (
of the nascent plasma membranes (Table 1). This ratidMaterials and Methods) provides a direct test of whether
decreases as the incubating temperature increases. Sirtbese lipids are from nascent membranes of the embryo.
these membranes contain only about 2—-4% of the phosFhe method is based on the concept that membrane lipids
pholipid of the embryo (as measured by the relativeat the temperature of membrane assembly, the growth
amount of membrane phosphorus in the embryo), thisemperature @, exhibits unique physical properties char-
change in composition is not reflected in the temperaturecteristic of a critical state (Gershfeld et al., 1993; Jin et
dependence of the overall composition of the yolk plate-al., 1998). The shear-stress method probes the structure
lets. Although the ratio of PE:PC in the plasma mem-of the lipid vesicles in vitro as temperature is varied.
branes changes with temperature, we do not find anyn general, the critical temperature for unilamellar
significant temperature dependence for shuenof their  vesicles formed by membrane lipids (T*) equals the
contributions, or for the composition of the other phos-growth temperatureJ(Gershfeld, 1986; Ginsberg et al.,
pholipid components. As in the case of the eggs andl991; Jin et al., 1998). Figure 1 shows typical results of
embryos, the analysis for all the membrane preparationthe method for dispersions of plasma membrane lipids
at the various temperatures are combined, and they ambtained at each of the three incubation temperatures 10,
listed in Table 2. The sum of PE and PC and the com-16 and 23°C; the critical temperature T* is indicated for

osition of PI, PS and PG in the nascent membranes of
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0.60 Table 3. Comparison of the critical temperature T* for vesicles formed
by lipids extracted from plasma membranes of blastula stage embryos,
0 0.50 | with the incubation temperatureg,*
c
] 040 T|NC; oC T*, OC (iSD)
§ 0.30 10 10.2 = 0.6 (J
=2 16 15.8 + 0.2 (3)
= 0.20 23 22.8 + 0.4(3)

0.10 1
0.00

2See Fig. 1 and Materials and Methods
® Number of measurements

5 10 15 20 25 30

TEMPERATURE,°C must be achieved by a redistribution of the phospholipid
components within the embryo as new membranes as-

Fig. 1. Shear-stress method for measuring T*, the temperature of for-gample. Tables 1 and 2 indicate that as incubation tem-
mation of the critical unilamellar state. The fluorescence intensity | of peratures increase membrane PE concentrations decreas

dispersions of nascent membrane lipids frhnpictusnascent mem- d PC trati . hile th f th
branes as a function of temperature. Multilamellar vesicles of lipid in an concentrations Iincrease, whiie the sum o ese

water are formed containing 5,6-carboxyfluorescence at self-quenchingOntributions (PC + PE) and those of the remaining lipids
concentrations (0.4). A brief, constant shearing stress is applied to the (PS, PIl, and PG) remain constant. Thus, the newly
dispersion at each temperature, and the fluorescence intensity is monformed plasma membranes appear to accommodate tc
tored. The critical temperature 7= Tgis indicated for lipids extracted  the temperature by a simple exchange of PE and PC.
from plasma membranes of embryos. Each of the results shown are  gjnce these are static results only for the blastula we
typical of the temperature behavior of dispersions of membrane lipids o not have dynamic evidence of the mechanism utilized

to an applied shear stress (Gershfeld & Ginsberg, 1997). The values q . .
T* reported in Table 3 were obtained from the average of three indefby the embryo to effect the redistribution of the phos-

pendent runs for each lipid sample. Incubation temperat@ek)°C; pholipids into the newly formed plagma membranes.
@ 16°C; A 23°C. However, some general characteristics of the process

may be deduced. A stoichiometric transfer of the lipid
from the yolk platelet fractions, a major pool of these
each of the measurements. In each example there isl#ids that contains large amounts of glycoproteins with
low temperature and a high temperature interval wheréndistinct structures (Armant et al., 1986), is ruled out
the temperature dependence of the inherent leakage tecause their composition and temperature independence
the vesicles is unaffected by the applied shear. At interdo not match the requirements of the plasma membranes.
mediate temperatures the applied shear causes an efinother source of phospholipids is the endoplasmic re-
hancement of dye leakage which ceases at the criticalculum; a direct transfer of phospholipids to plasma
temperature T*= Tg of each sample. A summary of the membranes from ER does not provide a mechanism for
results comparing T* with the incubation temperaturesthe selection process, but simply imposes the selection
for the L. pictuslipids is given in Table 3. The agree- process to another pool of lipid. Clearly, a selection pro-
ment between T* and the incubation temperatures coneess of phospholipids from a source, e.g., yolk platelet or
firms that these lipids are from the nascent plasma memER, that is temperature dependent must be involved in
branes. their transport to the newly forming plasma membranes.
Phospholipid transfer proteins, found in all eukaryotic
_ _ cells including oocytes (Rusinol et al., 1987), are a major
Discussion means for transporting phospholipids between lipopro-
teins, organelles, and membranes. There are at least
The results of our study demonstrate that in the temperathree classes of proteins that catalyze the transfer of lip-
ture range where embryonic development can occur, bgds: one tranfers PC, another transfers both Pl and PC,
tween 10 and 23°C, the phospholipid compositioriof and a third transfers all the common phospholipids
pictusembryos at the blastula stage is unaffected by théDowhan, 1991). In principle, all three classes of pro-
incubation temperature. However, the nascent plasmtgins may be involved in the transfer of phospholipids to
membranes of the developing embryos accommodate tgield the appropriate membrane composition at each in-
each incubating temperature by changing their phosphosubation temperature. However, some temperature de-
lipid composition. Since the phospholipid composition pendent property of their selectivity would have to exist
of the embryo does not change, and in the absende of to account for the changing membrane compositions.
novophospholipid biosynthesis (Byrd, 1975; Kozhina et Although a temperature-sensitive allele in the gene en-
al., 1978; Armant et al., 1986), the accommodation of thecoding the PI/PC transfer protein has been reported (Pat-
membrane composition to each incubation temperaturéonVogt et al., 1997), at present little is known of the
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temperature dependence of the relative phospholipigesses (e.g., by adsorption, by accretion, or by insertion)
transfer rates of the three types of transfer proteins.  are equivalent. However, this model provides a rationale
Perhaps the simplest mechanism for membrane ader delineating some of the processes that are likely to be

sembly in the embryo is the spontaneous process assvolved in the selective transport of the phospholipid for
ciated with the formation of the critical bilayer state at membrane assembly. They have been presented as
T*. Since there is nale novobiosynthesis, and no evi- guide to those aspects of the lipid transport processes in
dence of phospholipid breakdown (i.e., only small membrane assembly that should be emphasized in future
amounts of LPC, the principal breakdown product, arestudies. In summary, we have established thaechi-
present), the amount of the lipid in the embryo as well agius pictusembryos accommodate to a range of incubat-
its phospholipid composition are static. These static coning temperatures by modifying the PE:PC ratio in the
ditions allow us to consider the redistribution of the nascent plasma membranes. Until the blastula stage of
phospholipids as controlled by an underlying equilibrium €mbryonic development this compositional accommoda-
that depends only on the ambient temperature and thgOn occurs from ametaboll.cally.stlatlc pool of yolk lipids
phospholipid chemical potentials in the three coexistingPy transfer of the appropriate lipids to the membranes.
phases: plasma membrane, cytosol and phospholipiwe have mvokeq a class of phospholipid tra_nsfer pro-
chemical pool (yolk platelets and ER). The equilibrium teins as the medium for the transfer of the lipids.
between the vesicles formed by membrane lipids and the
auecus suspending medium s anaogous o he pUINEE L0 s DD e g
eqUIIIb!’Ium in the .CytOSOI_membrane system. Consisten r. J.J.yZimmerFI;erg for gracious?y providing the use of his Iab)cg’ratory’s
with this analogy is the agreement between T*, the tems,.iities.
perature of formation for the critical state in vesicles, and
Tg; the equality of the two temperatures indicates that
the same state is present in the vesicles and in the ceReferences
membrane at this temperature (Gershfeld, 1986, o )
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