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N Yo o ABSTRACT '

”IThe pattern of serum protexn synthe51s and secretxon in
“iaggregates of extraembryon1c endoderm cells (EEC) from the

- area opaca of prxmxtlve streak chick embryos was studied.

EEC aggreggtes wete cultured for varlous t1me 1ntervals and
serum protelns wh1ch were synthe31zed and secreted by
aggregates were~detected1351ng 50d1um dodecyl sulfate
'polyacrylamlde gel electrophore51s (SDS PAGE) and
| fluorography. Serum prote1ns vere 1dent1f1ed in EEC extracts
and culture medlum based on thelr com1grat1on with
reference protexns from 4 day .chick- embryo serum and with
'reference prote1ns from égg whlte albumen and .chicken serum‘
wh1ch vere obta1ned from commerc1a1 sources Y number of
serum protelns vere detected 1n EEC aggregates 1nclud1ng."
" two 1somorphs of 1mmunoglobu11n (IgG) four 1somorphs of
transferr1n, a prote1n fractxon w1th a molecular we1ght of
66 500 wh1cH may correspond to a globul1ns, as well as
'prealbum1n and a prote1n w1th a molecular we1ght of 38, 600

0
(serum prote1n 11) whzch rema1ns unldent1f1ed These

.’pﬁote1ns were also detected 1n the culture medium. The -

"_bandxng proflles of EEC extracts and culture med1um were

‘compared over varlous t1me 1ntervals of culture (6h 18h and

L30h) It was fouﬁd that the IgGs, transferr1ns and serum

.

v;,prote1n 11 decreased 1n concentrat1on in EEC extracts over

'fthe culture 1nterva1 These prote1ns were detected 1n the

L O o ‘ "~"~'“. ‘ SRR
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/H '/ ! ot : ' :‘
culture. medium and one transferr1n 1somorph and prealbumzn
Y ¢
increased in concentratzon over the same t1me 1nterval

(‘[ i
A

Incorporat1on of amino ac1ds into prote1n was’ detected by

adding radlolabelled amxno‘aclds to the medium. A number of

a

prote1ns were syntheslzed by EEC but all of the labelled
\\y‘ .
serum. prote1ns were detected in the culture medxum, not in

¥ v

fEEC extracts. These results suggest that serum protelns are
synthes1zed by EEC then rapidly’ released 1nto the med1um, |
Labelled serum protelns detected 1n the culture med1um
include prealbum1n and . an un1dent1f1ed serum proteln (serum )
| protezn 14) w1th a molecular welght of 15, 400 both

) synthes1zed earlg 1n culture (6h), and" transferr1n wh1ch was
'synthe51zed later (18h) -Other synthe51zed protelns were
‘detected 1n EEG‘extracts, but none of these were serum "
protezns and they are un1dent1f1ed at th1s t1me. When
aggregates were prepared for autoradlography, s1lver gra1ns
were. detected in nascent cavities wzth1n the aggregates and

at the per1phéra1 border of the aggregates.
. \’ . ”
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I. INTRODUCTION

A. Serum P}oxeins as Regulators of Growth and Development
The development of an embryo from a fertilized egg
involves a great deal of cell proliferation, cell
‘ reafrangement and djfﬁerengiation into specific tissues and
organs. Théﬁe developﬁgntal events take place accofding to a
very specific timetable®but the regulatory mechanisms F\\y
involved are not clearly und;rétood. Embryogenesis is
uitimately'contrélled by gene expression and chénées in gene
expression are often reflected by changes in protein
synthesis patterns. By studying how specific proteins affect
cell proliferation, cell adhesion and differentiation in
embryos, - some of the molecules which fjgulate these
processés can be identified. — |
Lol Early attempts to grow vascular tissue excised from
chick embryos under'cultufe conditions demonstrated that
cell proliferation feqﬁired fresh plasmi or serum (Carrell,
1912). Sefum proteins were even;ually\:ecogn{zed as a
nutritional requirement for cglls cultured in vitro (Eagle,
1955). Cultured cells normally_undgrgo mitosis until growth
is inhibited by cell to cell contact but cel{s at this staée o
can be inducéd to diQide again if fresh serum is added to
the cuiture medium (Todaro et af, 1965; Yoshikura and
Hirokawa, 1968); One of the factors involved in regulating
mifogenic activity is a substance called platelet-derivéd

growth factor which i& released from blood platelefg_during

i L



serum preparataon (reviewed by Ross and Yogel, 1978) .

r -
vivo, this substance is released when tissué injury occurs

\ .
and likely plays a role in cell proliferation during -tissue

Tebair; Many other growth factors .have been reportéd which
aré present in serum. When cells are cultured in serum-free
medium, they require serﬁm protein supplements which are
| spedific for éaqh cell type (reviewed by Barnes and Sato,
11980). In vitro, these molecules play a role in cell |
adhesion and cell proliferation and both of these processes
are 'important fn vivo during embryogenesis.

Cell proliferation also occurs In vivo durxng
neoplastlc transformatxon. Cells 1nfected with tumorgenic
viruses (eg. SV40, polyoma and Rous sarcoma) as well as )
neoplastic cell lines have a reduced requirement for serum
(Birch and Pirt, 1969; Takaoka and Katsuta, 1971). This may
mean that they have somehow overcome their requ1rement for
serum or that‘they are synthesizing the proteins required
for growth In vitro. Adults with'fumors of the liver orv_
sfructures derived from the yolk sad"héve eleyated levels of
a serum protein normallf presenf only during fetal |
development (reviewed by era1, 1982). rotein, calléd‘
a fet_p;g;g;n, Lﬁ,normally produced by ‘the 11ver and yolk
sac cells of the developing mammalian embryo. Its
¢oncentration.iﬁﬂ5erum diminishés prior to birth and it is
detectable only in nanogram quantities in adults (Seppala

'and”RuusIahtz,'1973 4§ssayeff et al, 1975) When tumor

formation is induced in m1ce, there is a trans1ent_elevation

~— B - —————



of a fetoprotein in serum prior to the apﬁearance of a
tumor. After tumdf formation, a fetoproﬁejn‘levels"are oncé
again highly elevated (Watabe 1971; Hiréi et al, 1573)J'The
gene or genes regulatxng a fetoprotein synthesxs are
lapparently‘actxve in the’ embryo, shut down in the adult and
reactivated in assoéiaﬁion with-certain cancers. This °
procégsTEs referred to as “oncodeve}opmenta;‘gene
expression”. The re-expression of genes which code for serum
' proteins spécific to fhékembryo may account for the reduced
serum requirement of neoplastic cells. These embryo-specific
serum proteins may play a role in cell proliferétion during

embryogenesis.

B. Sources of Serum Proteins for the Developing Chick Embryo -

"All those nutrxents requzred for normal growth and
development of the chick embryo, aside from resplratory
gases, must be contaxned in the albumen and yolk of the eég.
In the léying hen, albumen proteins are proddced in thef
ovidﬁqt‘in response tbystgroid hormones (Gilbert, 1971).
Prior to this, oocyte differenfiation involves éccumuiation
of yolk aﬁd it‘is at this'time‘that'a'céfefully b#lanced
“.nutrient pool is deposited for util1zat10n durlng embryo
development (G1lbert, 1972).<I} serum prote1n§ are necessary
lfor normaI‘H?Velopment of the chicﬁ embryo then these
proteins must eithe% be provided by Fhe_aibumen ana/o; yolk
or they must be produced by thé‘developing embryo or its
associated extraembryonic structures. |

——.



ﬁeller'(1966a)‘oompared serum from 12 day old‘chick

embryos with albumen andAwitb"the hater'soluble.fraction of
'yolk referred.to as livetin. Using immunoelectrophoresis,'
"he observed that transferrxn was present in .both albumen
‘(the transferr1n in albumen is referred to as conalbumin or
ovotransferrxn) and 12 day embryo serum, Whoa—lxvet1n and
Aserum were compared, he'noted that several proteins‘were

., common to both, including prealbumin{ a 3-globulin eﬁd |
transferrin. By comparing adult hen serum to 12 day embryo
serum, Weller showed that two serum':;oteins welfe unique to
.the embryo serum. These proteins, referred to by Weller as
embryo-speeffic a 3—globu1in‘and a 4-globulin, were not ‘"~ ",
detected in e1ther albumep or l1yet;n He concluded that
these proteins were specific to the embryo. " ‘ | ‘

It was suggested by Schechtman .(1952, 1956) that serum

proteins contained in egg yolk and'egg yhite may be

; transferred into embryon1c c1rcu1at1on. Wh11e Weller (1966a)
acknowledges that this may be true h1s detectlon of |
embryo-spec1f1c ‘proteins in embryo serum led him to propose '
that at’ least some Sserum prote1ns are synthes1zed by the;

embryo.‘k

] ) . , . . . N )
. .

C. The Role of the Yolk Sac as a Mediator of Nutrxent Uptake
\ “_;he yolk, sac of the ch1ck embryo med1ates the transfer

x@f material from the yolk 1nto ‘the extraembryonxc )
c1rcu1at1on. Once 1t has entered the cxrculatory system, o

mater1a1 can-be transferred‘to the embryo proper. Because |

>



the yolk sac acts.as a ﬁnntritionai sieve™,y it blays an
impo:tant‘role in regulatfng which.serumvproteinS»ate"
transferred dlrectly from yolk into the embryonic
'circulatlon. It also‘mediates the uptake of‘yolk‘protein
shich can.belaegradig,for use as precursers in serdm pretein
synthesis. - - —_— |
| !
Development of the Yolk'Sae
Durlng the first day of chick embryo development the
blastodisc differentiates.into the~éhea,pejﬂucldé,'which'
forms the embryo proper, and the~aﬁea'opaca, which forms the
yolk sac and other entraembryenic membranes §F1gure 1a). At
the primitive streah.stage of development the area opaéé 3
cbnsists of an epithelium of ectoderm eélls with an
underlylng layer of endoderm cells. Mesoderm is, only present
in the posterxor reg1on of the aPea opaca. By the one som1te

‘stage, the mesoderm expands 1nto the anterlor reglon of-the

area opaca ‘along both lateral marg#ns of the area pelluclda

o and by the 14 som1te stage, 1t fuses at the anter1or

mldllne* Concomltant wlth thlS process, a- horlzontal |
d1v1s1on arises in the’ mesodefm of the‘igea pe!luclda (1'
‘som1te stage) dlv1d1ng th1s t1ssue into somat1c and .

| splanchn1c mesoderm. By the 7 som1te stage, th1s separat1on g
extends 1nto the area opaca to the df%tal geg;on of the |
_mesoderm (Romanoff 1960; Bal1nsky, 1975),

Mesoderm 1nvades the—area opaca at early som1te stages

.,and bhe splanchn1c mesoderm dszerentlates 1nto both
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Figure 1. Dihgramatic'representation of_growtﬁ of the chick
| ‘émbrY6 }olk sac .during théifitét 3 days of deVelopmeﬁt

‘fredrayn‘ffom Romanoff,.1960)k a and a’', dorsal and .
'lateral‘véews of the chick embrybiaften‘l‘daygof .

developﬁe;t;\b‘and b*, after 2‘déy$;‘c-and c',‘afﬁer 3“'
déys. Structure§‘aré.ﬁndicated with arrows as follows:‘

1, primitive sﬁreak in the aPéa péllucfda; 2, area

opaca; 3, yolk; 4, area vasculoé&; 5, area Ojtellina; 6 

sfnus terminalis. B R
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mesenchxmal t1ssue and vascular t1ssue wh1ch con51sts of
densely packed regxons of mesoderm called blood islands.

Thzs vascular reglon.of the area opaca is now referred to as
£
th aPea vasculosa and the reglon per1pheral to 1t is the

anea vltelllna. Blood 1slands d1fferent1ate into endothel1um_

At
i

and blood cells,}wh1ch form an 1rregular network of

3

| cap1llar1es by the 5 7 somxte stage. Blood begins to. flow ‘at j‘

about the 16 'somite stage. At the'same time as c1rculatlon

ls bedng'established; a large vesselpcalled‘the sfnusl
teﬁmlnalls d1fferent1ates at the dlstal edge of the area
vasculosa (Fxgure lb). By the end of 2 days 1ncubat1on, the
area vasculosa is well def1ned ‘After a further 12 14h of

f1ncubatzon, the v1tell1ne arterles d1fferent1ate and

‘ﬁv1te111ne ve1ns develop by the th1rd\day (F1gure 1c) The‘

network of extraembrygnlc vesseéls dra1n 1nto the v1tell1ne )
ve1ns whlch are cont1nuous with the ductus venosus of the

embryo. The v1tell1ne arter1es completé the c1rculatory

Jroute as they connect the dorsal aorta of- the embryo to the '

"fnetwork oﬁ vesseIs in the anea vasculosa (RomanOff 1950

7*The Yolk Sac Endoderm ﬂ,

fBalxnsky,‘1975)

h The yolk sac con51sts of a layer of endoderm cells

- wh1ch 11e dlrectly over the yolk and a layer of Splanchn1c PR

"T;;lmesoderm whxch d1fferent1ates 1nto blood vessels, blood

'cells and mesenchymal cells as descrlbed above..Thev

—

V.
Y

',fdevelop1ng yolk sac spreads over the surface of the yolk and
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‘the anea vltellfna passes the equator of the yolk durlng

1]/

day 3 of incubation (Flgure lc) By 5 days, the yolk is

'completely surrounded by yolk sac endoderm The endoderm

cells‘Qf the yolk sac med1ate the transfer of materlal from

the yolk to the c1rculatory system in the aPea vasculosa and '

| therefore play a cruc1al role in prov1d1ng nutr1ents to the

"
&

\f . s ‘J

develop1ng embryo.

—_——

. Yolk sac endoderm cells, herein referred‘to as,

extraembryon1c endoderm cells or EEC take up yolk by '

._uphagocyt051s durlng the first week of development (Bellalrs,

I

'1963) Detalled electron m1croscope ‘studies of the 'EEC .

- showed that these cells form a 51mple columnar ep1thel1um 1n‘

‘the area vasculosa and contazn large 1ntracellular yolk

- ‘has numerous m1crov1ll1 assoc1ated w1th 1t. Mobbs and ___

“coated ves1cles by 1nvag1nat1on. Vacuoles were present

droplets (Lambson, 1970 Mobbs and Mchllan, 1979). The

,ap1cal surface of the EEC 1s in d1rect contact v1th yolk andv

o Mchllan (1979) observed numerous br1stle coated regzons in’

r

'the apzcal membrane and some of these reg1ons formed brlstlef

;b'

. between. the aplcal membrane and 1ntracellu1ar yolk droplets,,Ap.
{and the cytoplasm 1n th1s reg1on conta1ned smooth canal1cul1'f’

,assoc1ated w1th ap1ca1 and lateral plasma membranes. ’

“vIntercellular t1ght 3unct1ons were observed at the ap1calb;.

*focca51onally, small Golg1 complexes. Extracellular yolk

s ' :

L3

hpole of EEC In. addltaon to large yolk droplets, the n‘
- i‘basolateral cytOplasm conta1ned the nucleus, rough

) endoplasmzc ret1culum, rlbosomes, m1tochondr1a and

GO
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granules were sometxmes observed 1n assocxat1on thh reg1ons
. of brrstle coated membrane and 51m1lar materLal was ‘seen in
‘,ap1cal vacuoles. TheSe workers suggested that tlght |
junctlons seaI the extracellular yolk compartment from the
7.tv1tell1ne c1rculat10n and that uptake of yolk 1s medzated by
the EEC and involves brlstle coated veszcles ‘and aplcal ‘ f
‘vacuoles. By 1ntroduc1ng horserad1sh perox1dase (HRP) ¢f§§
u-ferr1t1n and latex spheres to the entracellular yolk of |
embryos 1ncubated both. In ovo and In vitro, Mobbs and
- McM1llanﬂ(1981) exam1ned the process. of prote1p transport
.fe cells of the extraembryonxc endoderm. When

‘.

‘embr os were f1xed w1th1n 1 m1n of exposure to HRP th?s

\ prote1n was detected along apxcal brlstle coated membrane,
'1n br1st1e coated p1ts and ves1cles and in smooth
‘canallculx. After 15 m1n of exposure to the tracer, HRP was

o~

'observed in ap1cal vacuoles and by 2- 6h thzs protexn was &
v T ‘

detected in 1ntracellular yolk droplets and on the

eﬂtracellular 51de of the basai—membrane of cells. Ferrztln

'uptake followed a’ sxmllar pathway but was also observed 1n

the. basathalf of 1ntercellular spaces. Latex spheres wh1ch :

'%,we:e sxm11ar 1n 51ze to extracellular yolk granules were
/-‘1-

o:jerved 1n br1stle coated ves1cles, plcal vacuoles and ‘,

\tracellular yolk droplets but never 1n mntercellular
‘lfjspaces or on the extracellularj51de of the baSal membrane.pﬁ;'l

Because a11 tracer substances were observed 1n br1stle

[Pfifcoated ves1cles and aplcal vacuoles but only ferr1t1n was

‘gobserved 1n 1ntercellular spaces between cells, these '!»‘
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“workers propose two alternate pathways for protexn transport7

' 1n EEC. In one pathway, prote1ns are transported to the\‘

y
/

,’1ntracellular yolk droplet for lytxc dlgestxon. Cont1nuous

endocytosxs of yolk granules would replen1sh the
1ntracellu1ar yolk droplet as nutrzent proteln is degraded

Rough endoplasm:c retlculum and 60191 were observed 1n’the‘

basal cytoplasm of 'EEC suggest1ng that new prote1ns are

synthe51zed from raw materlals prov1ded by the breakdown of

t

nutr1ent protexn. Veszcles and canallcul1 were observed 1n
assoc1at1on w1th the lateral membrane but not at the -basal
surface. It may be that prnducts of 1ntracellular dlgest1on
and/or protezn synthesxs cross the basal ‘membrane by
d1f£us1on orrtransport. assel and Kleln (1971) observed
that ch1ck embryos with i tact yolk sacs cultured on medxum
contalnlng radlolabelled ovalbumln accumulated ovalbumin in

the aPea\opaca then degraded 1t. These workers detected

label in newly synthes1zed proteln throughout the embryo.‘

| ‘j Ovalbum1n 1s apparently used as raw mater1al for prote1n

A\
synthe51s and may be routed by some mechan1sm 1nto the lytxc‘

d1gest10n pathway in, EEC.“;”

In the second pathway, certa1n protexns may bypass the i,h
1ntrace11u1ar yolk droplet and %e transported d1rectly to
the lateral membrane of EEC. Vesxcles and canalxcu11 were

observed in assoc1at1on w1th thlS membrane and they could

1n pr1nc1ple, release*nntact protezn by exocytosxs 1nto

‘1ntercellu1ar spaces for dszus1on to the v1tell1ne

' c1rcu1at1on. LGden and-Roth (1978) showed that the chzck :

\ .
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‘yolk sac has spec1f1c b1nd1ng 51tes for 1mmunoglogu11n G
‘(IgG) Thzs molecule—local1zes along coated reglons of the -
‘ap1ca1 membrane of EEC and is then 1nternal1zed ‘They
propose that th1s process 1s med1ated by receptor mﬁﬁecules.

‘IgG is transferred 1ntact from yolk 1nto the v1te111ne

e

,c1rculat10n. |
‘In the gu1nea p1g yolk sac, exogenous IgG local1zes at

‘, the ap1cal surface of EEC, enters endocyt1c ve51c1es and is -
then exocytosed at the lateral plasma membane ir to | ’

1nterce11ular spaces (King, 1977)"SdmllQNNngervatlons were

made in rabbit yolk sac . (Moxon and Wild, 1976), ‘These .

‘workers proposed that prote1n spec1f1c receptor molecules 1n.

; coated reg1ons of the ap1cal plasma membrane medlate the

: segregatlon of yolk protE1n. Th1s could be accomp11shed by
'part1t1on1ng prote1ns 1nto separate veszcles dependxng on

. whether they are to be transported to the yolk droplet .or to
dthe lateral membrane for exocytoQ1s.. o ' o

| Ii serum proterns are transported 1ntact from yolk to

\<pthe v1tellzne c1rcu1atlon of the ch1ck embryo then changes

B—

‘-1n the types or amounts of serum protelns as. development

_proceeds could be medlated by changes in" select1ve uptake

Qand/or transport processes 1n EEC.qu serum protexns are_f‘

/synthes1zed durxng development then degradat1on of nutr1ent ;j.»“

SR

L}protexn 1n the EEC‘may be provid1ng raw mater1als ﬁor thgs
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Yolk Protein as a Nutrxent for the Developxng\chxck Embqqo
Yolk 1% a heterogeneous mxxture of protexn and lipid

and 1s partxgularly suxted to provnde nutrxents to the ‘

developxng ch1ck embryo (Cook 1968- Shenstone, 1968)

Bellaxrs (1961) examxned yolk from un1ncubated eggs by
&.

electron m1croscopy and observed both hxgh densxty granules

‘ ' P

and low densxty globules- both of these were suspended in

.d1ssolved mater1al when yolk is centrlfuged at-hfgh speeds,

it separates into 3 fract1oﬁs.‘Cook (1968) descrxbed a low

'densxty fractlon (LDF) hich conta1ns 11pov1tellen1n (a

’

,llpoproteln)vand ahgranular fraction which eontarns

‘phosvitin,(a.phosphoprotein) and'a.andfﬁ lipovitellin‘ .

N ! .
'(lipoproteins) The thxrd fract1on 1s water soluble and is

referred to as f1vet1n. This fractlon can be separated by

3

~e1ectrophore51s into 3 components, a, B and vy l1vet1n ‘

: (Martzn et al 1957) Theseg llvetzn prote1ns were later

1dent1f1ed as. the serum prote1ns serum album1n, transferr1n

and Y globul1n respectlvely (Wllllams, 1962a) f; \

-

In order to determ1ne how ch1ck embryos ut1llze prote1n

‘aﬁ ﬁtr1ent Walter and Mahler (1958) 1nJected

Irad1olabelled prote1ns, pepbrdes and am1no ac1ds 1nto the

";embryos when precursor prote1ns were 1n3ected 1nto albumen

’-yolk and albumen of unlncubated eggs. After 5 9 days
'H1ncubat1on, embryos were harvested and the labelled prote1n ol
'f1n embryos was rébovered by precxpxtat1on thh |

”ftr1chloroacet1c ac1d.‘Very l1tt1e label was recovered from

—_—

and they concluded that prote1ns 1n albumen are. not used as
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precursors for embryonic proteinsliln Gontrast, proteins,
peptides and amino acids injected into yolk were all
utili;ed wjeh'similarmeffioiency€'Because yo;k contains a
iarge amount of@protein but very few free amino acids or
peptides (Romanoff and Romanoff, 1949), these workers
lcontludé?ﬂthat*thewexogenous proteins were.diluted to a
great ektent by endogenous yolk proteins whereas peptides
iand amxno acxds were not. Based on this assumption, they

condluded that yolk prote1ns are the prefé}red precursors,‘

[y

o
acrds and med1a conta1n1ng the milk proteln casein. Thelr

é%its showed that embryo survzval depended on the presence

Under cu1ture_cond1t10ns, protelns from yolk support

e growth Of chlck embryos to a greater extent than med1a

t Ry
“ p;;ggped from non-= yolk prote;ns (Klein, .1968). Yager and
Kle1n (1974) compared the ab111ty of individual yolk
‘ " prote1ns to support ch1ck embryo growth by preparing culture
| medlum from d1ftgrent yolk fract1ons. These workers removed .
11 13 som1te embfyosw(40h 1ncubat10n) with 1ntact areae .
vasculosae and cudtured them on agarose medium wh1ch

contalned e1ther lzpov1ty811nen (LDF), phosvitin,

P 1 : t.
L] " . B .
" ©e N { } .
s . e o Gt o ) .
. t.t ¥ g, . <t
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11p0v1te111n (« and B) or livetin (serum protexn fraction).
Growth was quantlfxed by measuring the protein nxtrogen and
DNA accumulation in individual embryos. Using these
parameters as estima;es of growth, they concludéd that both
livetin and lipovitellin supported em@ryo growth but |
phosvitin and lipovitellinen aia not. Yager andlKlein (1974)
aisq;tested various combinations of yolk'ﬁroféihs and found
’that optimal growph was achieved when lipovitellin was |
supplemented with 10% livetin. Lipovitellin is present in
the granular fraction of Xolk (Cook, 1968) and may be.an
important source of nutrient protein for tﬁe developing
gmbryo.‘Yager and Klein (1974) proposed thét this protein is

used as a source of amino acids. Yolk granules containing:

lipovitellin may enter

}

oo
provide raw materials for%proteiﬂ synthesis. As described

VH‘iytlc digéstion pathway in EEC to

previdusly, EEC take up latex spheres the size of yolk
. granules by endocytoszs and transport them to 1ntracellu1ar
yolk droplets (Mobbs and McM1llan, 1979; 1981). Embrvo
growth is greatly enhancea by the 11V|t1n fractlor of yolk

‘which, as prev1ously ment1oned, conta1ns sgrum protelns.
These proteins are apparently fmpqrtant to the\devéloping
embryo. Yager ahd Klein (1974) su?gestéd»that they are
.trghsported intact by EEC from yoiﬁ to the vitelline
circulation, brésumably by fhe'§1terna£e-intact transport

‘pathway proposed by Mobbs and McMillan (1981).
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D. Serum Protein Synthesis in the Chick Embryo

The proteins in plasma are'often °divided into three
major groups, fibrinogen, albumin, and globulin, baéed on ,
their solubility properties in sodium and ammonium sulphatei
‘Fibrinogen is ﬁhe precursor of .fibrin, §ee clotting protein,
.and is removed along wiéﬁ\bldod cells and platelets ﬁhen ‘
serum is prepared. Albumins énd globulins are present in
sérum and when subjected to zone electrophoesis;‘separate
into fractions with distinct boundaries. These fractions
include albumin and several globul}n groups named in order
of décreasing mbbility as follows:'Albumin;‘a1 and a, ]
globulin, B globulin énd‘y globulin, Each of these fractions
-is a hetefdgeneoqs mixture of proteins. Serum proteins act
as'buffer molecules, nqtrient molecules (albumin) and

o .
provide osmotic pressure in blood. In addition, they

o a—

function in 1mmun1ty (1mmunog*obu11ns) and transport

insoluble substances, such as lipids. Othem transport
moleculeé are present in éerum such as transferrin, an iron
binding glycoprotein (ﬁarpér et‘al) 1977; Hail and Malia,
1984). | | |

\ \ ‘ : -

The serum of developzng ch1ck embryos contains pnotezns
wh1ch are 1dent1cal to adult serum proteins (prealbumln,
albumin and transferrln) and prote1ns wh1ch are specific to
the embryo (certaxn a globu11ns- Weller, 1976) Some

| prote1ns in the ch1ck embryo may be transferred intact from

‘ the 11vet1n fract1on of yolk into blood where{@ others may

be‘sypthe51zed from breakdown products‘of_ngtrignt-protein;
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Kram and Klein (1976) examxned serum protein synthesis in
the Chlck embryo by culturlng 11-13 sonite embryos with

N Ne
intact areae vasculosae in medium containing radiolabelled

valine. The culture medium containing secreted proteins was

~collected and proteins were separated using polyacrylamide

gel electrophoresis. Densitometry was used to detectvprotein
bands in gels which were then frozén and sliced. “
Incorporation of radiolabelled valine into protein was
determined for each gel sl;:e using a scintillation counter,_
By comparing newly synthesized secreted proteins with
proteins in serum drawn with a syrlnge from ‘similar embryos,

these workers identified the newly synthes1zed protelns as

transferrin, « globulins 'a' and 'b' and prealbumin. When

‘the area vasculosa and the embryo proper were analyzed

separately, it was determined that the area vasculosa was
the site of serum protein synthesis. In subsequent

experiments, microdissection was used to separate the
t : : ‘ '

endoderm (EEC), mesoderm and ectoderm of the area vasculosa

of embryos 1ncubated for 4 days (Young et aI "1980). The
1ncorporat1on of labelled precursor into Serum proteins’ was,
determined for each tlssue layer and it was shown that the
site of serum prote1n .synthesis 1n the chick embryo is the
EEC. | .
Transferrin is present in the-livetinlfractionlof yolkl
but is also synthes1zed by EEC. Ev1dently the presence of .

é%gum protelns in yolk does not not preclude their synthes1s

by EEC. As Schech¥iran proposed (1952,1956), some of these



18

O

| protezns may be transported intact from. the yolk to. the

sl embryo but the circulating serum prote1ns in the ch1ck

embryo are, at leawl'

\ part, determxned by serum protein

synthesxs in EEC.

“ﬂjﬁ. Cell Sorting Experiments and Aggregation of Cells from
thekExtraembryonic Endoderm |

When early chick embryos are dissociated-and”cultured

in a rotat1ng water bath, aggregates form wh1ch are composed

of two distinct populat1ons of cells (Za11k q, Sanders,‘
'1974 Sanders and Zalik, 1976). To analyze theeprocess-of‘

" cell sorting, these workers dissociated'prestreak and early
primitive streak embryos and allowed them to aggregate for
various time 1ntervals. When observed under the light
m1croscope, aggregates‘cultured for 24h and 48h sorted into
a population‘of'densely'packed.cells;5urrounded by a layerd
of loosely-packed-cells; Thls outer layer of cells became

folded after 5 days in culture. The yolk. sac endoderm of

1ntact embryos also becomes hxghly folded after several days

<

of development (Rommanoff 1960) Some cells in the dense

phase underwent further development and d1fferent1ated 1nto

. cells wh1ch resembled notocord and cart1lage. A basal Iamlnafv

;was observed between the dense cells and ‘the loose -

| perzpheral cells. These workers suggested that the densely

S i
R A
. i

1packed cells or:g1nate from the ep1b1ast of the prestreak or >

{'early streak embryo and the loose per1pheral cells or1glnate_-r

from the hypoblast Thls vas later conf1rmed 1n another



laboratory when separate groups of embryos were used‘to
gobta1n epzblast cells and hypoblast ‘cells’ (Eyal G11ad1 et
al, 1975). By radlolabelllng one set of embryos thh ‘H
thym1d1ne and then allowing cells to Qggregate, these.
workers demonstrated that the epiblast . cells and hypoblast
cells sorted out into two h1stologxcally dxstlnct
vpopulat1ons. | |

Because cell sortxng was observed in aggregates
- prepared’ from dlssoc1ated embryos, a technique was developed
'wh?bh allovedIEOr isolation'ot avpure population‘of EEC so
that selective cell adhesion could be studied in detail.
MilOs~ét al'(l979) dissociated EEC from the area Opaca of .
primitive streak embryos and observed that they aggregate.
rapldly in culture into sol1d spheres. Small cav1t1es‘
: appeared w1th1n 24h and. by 48h the aggr%dates were organlzed
as ves1c1es composed of a large cavzty surrounded by a thin
layer of cells. The organlzatlon of EEC 1n aggregates

resembles the th1n endoderm layer in 1ntact yolk sacs and

these workers proposéd that cav1ty format1on 1s an 1ntr1ns1c:

"property of EEC A detaxled study using llght and electron_pf-

) m1croscopy revealed that EEC in cultured aggregates and EEC “
" in the 1ntact area. opaca have very 51m11ar 1nterce11ular ‘
fJunct16ns (leos et al 1984) -It was also noted that :

51m11ar cell shape changes occur 1n EEC aggregates and In

vivo. '
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‘Serum‘Protein Synthesis in‘Culturedhhggregates-ofKCells‘£rom“

the Extraembryon1c Endoderm

' Chick emhryo explants at the 11—13 somite stage of
development require llvetln, the serum proteln fract1on of ‘ﬁf‘
yolk, for optxmal growth (Yager and Klein, 1974) ' s ,n

Embryo speclfxc serum protelns whlch are not present 1n

L e
7%

11vet1n have been detected in the serum of 12 day embryos

(Weller, 1966a) and it has been demonstrated that the EEC of

> .

»

, the area opaca synthes1ze serum protelns (Young et al, 1980- &0
Young and Klexn, 1983) When EEC are cultured in rotat1ng
flasks they organize into structures wh1ch morphologlcally ‘
resemble the yolk sac endoderm (leos et ‘al, 1979- 1984).
The purpose of the research reported here was to determxne
‘whether or not EEC aggregates also resemble the EEC of
'1ntact yolk sacs w1th respect to serum prote1n synthe51s.

" The pattern of serum proteln synthes1s and secret1on 1n
cultured aggregates prepared from the EEC of pr1m1t1ve
ﬁ-streak sthge chlck embryos was analyzed Thls study also,
examxned temporal changes in serum proteln synthesis and

‘secret1on because serum protezns wh:ch are stage spec1f1c j,

: may play an 1mportant role 1n embryogene51s.‘Aggregates were

*7cultured for var1ous txme 1ntervals and the protelns present

y'..zn EEC and, 1n ‘the culture med1um were separated us1ng sodxum d.h

;Trdodecyl sulfate polyacrylam1de gel electrophore51s R
f(SDS PAGE) These prote1n band1ng proflles were compared tol7*

::reference protelns in ¢ day embfYO serum so that serum s

foprotelns present ‘in EEC and in’ the culture medlum could be S



‘synthes1zed durxng fhe culture int

o S 'f‘\”tu?f ‘~‘j21¢]
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1déht1f1ed In‘some eiperiments, rad1olabelled amxno acxdé\t

rval could be detected

- were 1ntroduced 1nto the medzum so;that serum protelns

®

,Fluorography was used to determ1ne which serum proteln bands'

in SDS gels were labelled Temporal changes in the pattern

of serum proteln secretlon and synthesxs 1n ngregates were
. ‘ . " i '

detected.
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A. Preparat:on of Serum
Young et al (1980) repgrted a method for collecting
"serum from 8 day old ch1ck embr and thxs technxque was
hmodxfzed for the purposes of th1s study. Serum was collected;
‘by dlssect1ng out embryos 1ncubatedifor 4 days after
vclampzng the major vztelllne arteries and veins wh1ch
qonnect 'the embryo to the yolk sac. Embryos were rxnsed ip a
\‘mod1f1ed Pannett and Compton (1924) sal1ne (PCS 82 8mM.

'NaCl 8. 3mM KCl, 2 BmM CaClg, 2, SmM MgClz and 1.5mM Hepes

R‘buffer (Slgma); adjusted to PH 7.5 with NaOH), and placed

‘1nto a flask 1n a rotat1ng water bath at 37 c and 30

-revolut1ons/m1n for 1h The embryos bled slowly 1nto the

‘fflask and blood was collected by f1lter1ng the contents of .

the flask through several th;cknesses of cheesecloth The

"h red blood cells were sed1mented by centr1fugat1on at 1000xg

!,for 10 m1n at 4 C and the supernatant was collected and

ﬁuacentrxfuged agazn at 12 OOOxg for 30 m1n. The flu1d fractlon

1'f;was removed and stored at —80 c.
':TB Productxon of Aggregates from Cells of the Extraembryon1c
Endoderm T i 8

lfC~Fert11e Whlte Leghorn eggs were obta1ned from the :

f“«f‘Unlver51ty of Alberta Experxmental Farm and 1ncubated at

/

.5,;l37°c and 55% humldxty for 18h to the pr1m1t1ve streak stage;r_v.‘,,

‘.f'Hamburger and Hamllton, 1951) Embryos and thexr ff5iq
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surround1ng vztellxne membranes were removed and transferred
Tto a. petrl d1sh conta1n1ng PCS. After 1h the~v1tell1ne‘
membranes w1th intact embryos were gently l1fted off the‘?‘
\yyolk and placed 1nto fresh PCS Gentle swlrllng 1n the

~ salxne separated the embryos from thezr vxtellxne membranes.j
The. wash was contxnued through several changes of PCS to
'remove as’ much yolk as p0591ble¢ -

Embryos were transferred 1nto fresh PCS and exam1ned
under a dlssectxng m1croscope. Only those embryos at stage 4‘
:‘(Hamburger and Hamllton, 1951) were selected and 1ridectomy
‘ sc1ssors were used to separate the area opaca from the area
‘pellucfda.,Areae opacqixwere suspended in 3ml. of PCS for
‘ cell d1ssoc1at1on (app;oxlmately 35 embryos per 3ml PCS)
‘Us1ng a techn1que developed by Milos et al (1979),
’vextraembryonxc endoderm cells (EEC) were dlssoc1ated from h
| overly1ng ectoderm by the fOIIOW1ng method'Qﬂhe aPeae opacaef

'were plpetted u51ng plpettes of decreas1ng ‘bore’ s1ze

‘T(1nternal d1ameters approx1mate1y 5mm-2mm) When the cell

. suspenston qas cloudy, 1t was f1ltered through 44u Nztex‘” '

: "‘mesh (B & S H, Thompson & Co. Ltd., Montreal) The sheets offf‘l

'f_fectpderm cells were retalned 1n the mesh wh1le clumps of

"Qiendoderm cells passed through the mesh and were present 1n QV L
:'the flltrate. Endoderm cells were sedlménted by | o

5mcentr1fugatlon at GOxg for 4 m1n and the pellet was

';1resuspended in, Ca”‘Mg"jE}ee PCS (CMF PCS) Cells were heldhqz,73

'1]fon 1ce for 15 m1n and p1petted w1th a flamed pasteur p1petteigfffﬂ

i

”Viﬁ-(lnternal d1ameter 0 5mm-1 Omm) to produce a suspens1on of i

——

-
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81ngle cells. The cells were washed free of yolk through 3,

cycles of suspens1on in sallne followed by centr1fugat1on at‘u

"60xg The yolk remalned in the supernatant and was.

~d1scarded The cells were, resuspended 1n 3ml of Le1bov1tz »h

‘(L 15) medlum (GIBCO).:The cell suspenszon was transferred

to a 10ml. Erlenmeyer flask and cultured ‘in a rotatlng water

¢

bath at 37 C and 80—100 revolut:ons/m1n for 6—30h as

‘ requ1red for each exper1ment Approx1mately 35 embryos were

‘ dlssoc1ated for each flask ‘and under the descrxbed

e

condltlons, 70 to 90 aggregates ranging: 1n sxze from 0.3mm .

. to 0. 7mm formed within several hours. ‘ S

1

-.C Determxnatlon of Prote;n Secretxon by Aggregates of Cells

from the Extraembryon:c Endoderm.' ‘fﬁ o 'g B i

L Aggregates of EEC were prepared as descrlbed, cultured

\ffor 24h and separated from the culture med1um by

. “‘centrlfugat1on at 19xg for 8. m1h The med1um was saved and

’.Waggregates were washed several ‘times 1n

'*ffﬁ,Trls(hydroxymethyl)am1nomethane buffer (Slgma, 0. 0625M pH '
':6 8) conta1n1ng 0 25mM phenylmethylsulfonylfluor1de (Slgma° 3

fthTrls-PMSF) Aggregates were homogen1zed on 1ce 1n 200 300ul"w -

vffof Trls PMSF and homogenates were centrxfuged at 100 000xg

6Tﬂ}5-20 C and are herexn called EEC extracts.l’y

"”Efor 1h to sed1ment part:culate mater1a1 Supernatants wh1ch"[ﬂ{~'

';hfcontalned soluble prote1ns were collected and stored at T~

',"“-" e

The culture medxum from these exper1ments was

‘fhcentr1fuged at 100 000xg for 1h and the supernatants were . 171;3ﬂ?

T e ', ,’. PO - S



; collected. Because L- 15 culture medxum contaxned rnorgan1c
‘salts, amxno ac1ds, phenol red and other components, further“'
: preparatxon was requxred to" remove these suhstances from
'culture medxum samples. Because' of the l1m1ted amount of
prote1n avallable for analyszs 1n thlS system, 1t was also
necessary to concentrate the sample in order to allow for X
‘the detectlon of any secreted prote1ns by SDS PAGE Thls was"
accomplxshed in one of two ways: samples of culture med1um
were d1alyzed agaznst 4 changes of water (1000x sample
‘volume) at 4°C (Spectrapor d1alys1s tub1ng, 8000 MW cutoff),
_ lyoph111zed and reconst1tuted An 200- 300ul of Trls PMSF
Alternat1vely, samples of culture medlum were concentrated
‘ %% Centr1con m1croconcentrators (Am1con'“10 000 MW cutoff)
;.by centrlfugatlon at 5000xg Molecules reta1ned 1n the -

L concentrate were washed w1th Tris- PMSF and reconcentrated
seweral t1mes to a volume'*f‘200-300ul In some exper1ments,”‘

the - x¢ 1on of serum prote1ns by*EEC aggregates was ft‘“

“_studled at dlfferent t1me 1ntervals of culture For thls -

. purpose, freshly d1ssocrated EEC were d1v1ded 1nto four

‘ ﬂallquots and three a11quots were cultured 1n L-15 med1um formh
6h 18h or 30h respectlvely._The fourth a11quot of EEC was

7Hwashed 1n L-15 med1um ‘and: homogenlzed 1mmed1ate1y..Thus EEC R

"3f;extract and the L 15 wash med1um were treated as 'Oh'J

controls. All samples of aggregates and culture medlum were

‘ficollected and prepared for SDS PAGE as descrrbed above.



“D Determxnatxon of. Protexn Synthesxs in Aggnegates of Cells

| from the Extraembryonxc Endoderm
In'prellmlnary experlments, the 1ncorporat10n of

‘var1ous labelled precursors 1nto protepn was. analyzed and
lcompared For thxs purpose, aggregates were prepared as
‘descrlbed and cultured for 24h in the presence of 30uC1 of
"H labelled val1ne (New England Nuclear, spec1f1c act1v1ty

“54 5 C1/mM) or 30uC1 of a m1xture of .amino acxds labelled |

w1th e1ther ’H or’ "C (New ‘England Nuclear), in the" |

m1xtures, spec1£fc act1v1t1es varied for each amino acld

For the mxxture labelled with 3H the spec1flc act1v1tes forb

t*each am1no ac1d expressed in C1/mM were: L alanlne, 70. 1}

L- arg1n1ne, 25 0; L-aspart1c ac1d 13.8; Lfglutam1c acxd,
‘20 glyczne,‘41 23 L~ h1st1d1ne,_11 4; i~isoleucine, 75.1;
L- leuc1ne, GOAO L- 1y51ne,‘88 7 L- phenylalan1ne, 21.0;

- L- prol1ne, 36 8 L serlne, 7. 1- L- threon1ne,,2 9

xva tyr051ne, 48 0 and L-vallne, 54.5. For the maxture

B _labelled thh "C the spec1f1c act1v1t1es for each amlqb

| rac1d expressed 1n mC1/mM were.,L alanlne, 176 0 L~ arg1n1ne;:“

'h324 0; L-aspart1c ac;d 220 03 L-glutamlc ac1d 294 0;,

-F,:_fglycme, 110 0; L- hlstldlne, 337 0; L-lsoleuc1ne, 331. o-

'~r,L leuc1ne, 345 0 L lys1ne, 317 0' L-phenylalanlne, 494 5
L i
IL-prol1ne, 273 0 L—ser1ne, 169 0° L threonmer 227 0

’"‘V{L tyr051ne, 492 0 and L-val1ne, 286 0 @f:ﬂ?'“*”

Aggregates were separated from the culture medlum by
‘.?_centrrfugatnon at“19xg for 5 mln.:The med?um was collected

aﬂﬁdand the aggregates were washed 5 tlmes 1n Trls PMSF and

26
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<homogenlzed on’ 1ce in 506#1 of Trxs PMSF The result1ng
L;‘homogenates were centrlfuged at 100 OOOxg for 1h to remove
‘the partxculate fract1on and the supernatant wh1ch contaxned
soluble prote1ns was removed The culture medlum was also

“'centrlfuged at 100 OOOxg for lh An alzquotnof both the EEC

[

..extract and the culture med1um were removed for prote1n

il

“determxnatxon and the volume of EEC extract was brought tQ

A

d1ml us1ng Tr1s PMSF. Because the culture medlum'sample
.:contalned very small amounts of proteln 0 001% unlabelled'}
bov1ne serum album1n was added to the sample as a carrler“ Ny
"~ to 1ncrease the total protexn concentratlon and reduce thel
loss of labelled proteln dur1ng the followlng procedure.
‘ Both the EEC extrigt and the ‘medium sample were cooled on

. b .

‘1ce for 1 min. An aggeous mixture of ice cold 15%

an—

,trlchloroacetlc ac1d (TCA) and 5% phosphotungstzc ac1d (PTA)

»vwas added to each sample at a‘ratlo of 10 1 (V/VO to

g prec1p1tate protelns. Each tube was m1xed on a vortex mlxer ,,'

V‘Vfand centrlfuged at 1725xg. The supernatant was dlscarded and

“h:‘rThese data were used to determ1ne whether EEC aggregates e

‘nthe proteln prec1p1tate was washed 3 tzmes 1n cold 15% TCA -f'k

b‘5% PTA. The pellet was dlssolved in 100u1 of water and

o

.u‘counted in 10m1 of Aquasol (New England Nuclear) us1ng an’ ;¢"’

I

:'LKB Rackbeta quuzd Sc1nt111atlon Counter. Iq;orporat1on was

! calculated ‘as counts per mlnute (CPM) per ug of protexn.g

‘11ncorporated labelled precursors 1nto newly synthesxzed

gﬁprote1n under the cond1t10ns used 1n thls study, and to o

‘vestlmate the~ePM of labelled proteln 1oaded onto gels used
BT AN X , o . ‘ o

y
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~

fo‘.fluorograpby. _ 0
_/ For fluorography, aggregates were prepared as described

-

-~ and cultured for 24h in the presence of 30uCi of a mixture

of‘amino acids labelled with either *H or '*C. Both

‘aggregates and culéure medium,were collected‘and prepared

for SDS-PAGE as described for the experiments desxgned to

debect protexn secretion (Section C, Materials’ and Methods).

v

-

¢

L.

-

In some experxments, the synthésis of proteins was compared

P

atgdlfferent time intervals of culture. For this purpose,

freshly d1ssoc1ated EEC were divided into four aliquots and

o P

three-alxquots‘were cultured for 6h, 18h and 30h
respect1vely Exactly 6h prior to the end of each. culture
per1od 30uCi of am1no acid mixture labelled with elther 'H
or '4C was added to each sample, this corresponds to Oh, 12h
and.24h ther dissociation, respectively. Aggregates were

cultured for the final 6h and both aggregates and culture

4 medium were prepared”for SDS-PAGE as described previously

- (Section C, Materials and Meehods). The fourth,aliquot of .

#

a?

.as unlabelled {bh' controls.

. . R
EEC was washed in unlabelled L-15 medium and homogenized

immediateLy; This EEC-extract and wash medium were treated

E. Sodium DodecylySulfate-Polyacrylaﬁideﬁcei Electrophoresis

Preparation of Samples

The conoentration of protein in serum, EEC extracts and

ﬁﬁlture mealum was determxned by the method of Bradford

L
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(1976) using the BioﬁaévKit and f globulin as a standafd.
For SDS-PAGE, samples 'were diluted to appropriaée
concentrations with Tris-PMSF. Each sample was mixed with an
equal gplume of sample buffe; (0;0625M Tris-pH 6.5, 4% SDS,
20% sucrose and ;bOZ% bfemophenol blue) according to Payne
(1976) and samples were heated at 60°C for 30 min prior to
electrophoresis.' h

'The following agulx‘ehicken serum and egg white
proteins were‘purehased for use ae referg%ce standards to
Iassist in the identification of proteins in 4 day serum:
Serum immunoglbbulin G (I1gG; Calbiochemi, egg white | |
‘conalbumin (Sigﬁa), serum albumin (Sigma) ‘and egg white
avidin (Sigma). Thick albamen was col}eéted from eggs
incubatedlfor 24h, dilutea in Tris-PMSF and prepared for
SDS-PAGE as described for serum, EEC extraet and culture
medium. High and low molecular weight markers forqulecuiar‘
weigﬁt determina;ion of proteins were obtained commercially
(BioRad). T - 1
- . | S
Electrophoresis

To provide a good comparison between‘various'sampfesf
being analyzed in thlS study, a vertlcal slab gel
electrophores1s system w1th an upper and lower buffer -
chamber was selected as described by Payh\ (1976- putchased 2
from Tyler Research Corporatlon) The bedgfseparatxon of

serum prote1ns was obtained using 12, 5% acrylamxde gels thh

a 5% stacking gel which were prepared from the following—



stock solutions: .

1.

- '
Aérqumide—bisacr}iamide:

30g acrylamide (Eastman Kodak)

0.8g bisacrylamide (BioRad)
Dissolve in 100ml water.
10% Sodium dodecyl sﬁlphate (SDS) (BioRad).
1.5% Ammonium peroxydisulphate (APS; fréshly
prépéred for;eééh gel) (Fisher §Ciéntific)
N,N,N'LN'-Teframethylened@amine (TEMED) (Eastman
Kodak) o : : R “ |
Stacking gelwégffer: |

6g Tris (Sigma)'

48m1 1N HCl |
Add water to a tofal volume of 100ml.

A

Adjust pH to 6.8 using Héi;

Gv——Seﬁaediing gei“buffer;

36.3g .Tris ' -
Add water to.a‘totai volume of 100@1:
AdjustypH\ﬁoHB,B using HCl.‘
Electrode bﬁffer:“

69 ffis'

28.8g élycine_(Sigma) |
Add water td_a total volume of 1000ml, pH 8.3.

-

T

The gel mould was prepared by clamping spacers (1.5mm

30



thickness) between 2 glass plates

31

N, , o

and sealing the plates

with molten agarose (1.5%; Eastman Kodak). The separating

. ) : N
gel was prepareéd by mixing the stock solutions as follows:

|

| Acrylam&de—bfsacfylamidé
Tris-HCl (pH 8.8)
10% SDS (aQueouS)
TEMED

Water ' Lo

1.5% APS (aqueous)

The APS was added afyer degassing
solution was poured between glass

carefully with a layer of aqueous

16.7ml1 . _
S.Omi
0.4ml
40ul
15.9ml

2.0ml

the mixture for 2 min. The
plates, overlayed

1% SDS and left to

C . ™ o .
polymerize for 20 min. The stacking gel was prepared by

mixing the stock solutions as follows:

\

Aé;ylamidé-bisacrylamide
VL ‘

Tris-HC1 (pH 6.8) -

10% SDS (aqueous)

'rs.hmb\. .
.Wéter\

\ : .
1.5%Aﬁ§ (aqueous) )
‘J . - - .

v\

i) - ‘

1.7ml
- 2.5ml -
160u1
-10ul

R 5.22ml

‘D,Smlu_

.t
YIS

.. The APS was added after degassing the mixture for 2 min. The

surface of th fpolymerized separating gel waé.rinsgd with

water to remove the residual SDS.

\\
\

The stacking geﬁiwaé"‘



pouredvoyeg the separating'gelaand a comb was insert
“mould samole‘wells} After polymerization, the comb was -
remOVed‘and the'gel was secured‘ln the running‘chamberr .
~Molten 1.5% agarose ﬁas poured into ‘the seam‘between the
glass plate and the running chamber to ensure a leakproof‘
”seal Electrode buf fer (50mM Tris, 384mM glycxne, pH 8. 3)

‘was added to the upper and lower buffer chambers and samples

were loaded ‘into the wells in 20ul’ or 30ul allquots.

I

_Electrophore51s was carried out at 10—20mA overnight at 4°C =

.I\constant‘eurrent). When_Qhe dye front ran to within 2 cm of

‘the end of the gel, the gel was removed and fixed in the

appropriate solution.

Gel Staining

Gels vere 1n1t1ally stazned for proteln w1th Coomass1e

‘Brxlllant Blue as descrlbed by Payne (1976) but th1s

technique was not sens1t1ve enough to detect prote1n in low

75fconcentrat1on. Because greater sen51t1v1ty was required, a
's1lver sta1n1ng method (Oakley et al, 1980) was mod1f1ed-1n
’ order to enhance sta1n1ng uszng glutaraldehyde as descrlbed

:by onn and. Poment1 (1983) Gels were soaked - overn1ghﬁ>1n

-

h‘aqueous 50% methanol (reagent grade) and 10%\;lasig}fatet1c
'ac1d to remove SDS rehydrated 1n aqueous 5% ethanol and 7%

acet;c ac1d and soaked 1n aqueous 10% glutaraldehyde (BHD

Chem1cals) for 1h In order to remove all the

;gluteraldehyde, gels. were washed in a- m1n1mum of 4 changes

of water over a 2h perlod w1th gentle ag1tatxon as

;;G
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. recommended by Giulan et al (1983). The'silver staining‘
L) protocol was carried out,as ‘follows: F'I
1. lever stain:
~Solution A: D1ssolve 1. Gg of sxlver n1trate (Fxsher)

in '8ml of water. B
, | ,

'Solution B: Mix 42ml“o£ 0.36% sodium hydroxide with

.(V " /‘

i o 2. 8m1 of 14. 8 M ammonium hydroxlde. .
Add solut1on A’ dropwlse to solutlon"B' st1rringl
constantly and'bdd water to 100ml |

2. Sta1n gel for 15 min w1th constant agltatlon and ‘wash
for 5;m1n in d1st111ed‘water. o | .

v3,l Developer'? o | o
| 2, 5m1—4% aqueous c1tr1c acid (Fxsher)

| . 0. 25ml 38% formaldehyde

| Add dlstzlled qater to 500m1 "
4, Place gel 1nto developer w1th constant agltatlon unt11
n.baud- appear. ‘Wash for 5 m1n in d1st111ed %ater. | -

| “h5. SLOD development with, aqueous 45% methanol and 10%

| acetlc ac1d Store gels 1n dlst1lled water.i\u

Occas1onally an undes1rable background developed dur1ng

z & ‘_ ‘

‘ step 4. If thls occunred gels’ were desta1ned 1n Kodak Rap1d
»1F1x for 5 30 m1n, washed ‘in Kodak Hypoclear for 1h and

‘lplaced 1n aqueous 45% methanol and 10% acet1c ac1d for 30 ‘_&:h.
“‘_;m1n. Gels vere. stored 1n water and m1grat1on dlstances were,ﬂﬂtmf

timeasured for regress1on analy51s (Mob1l1ty = D1stance
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e

Vmigrated/'Total migration diétance'of dye'front) All gels‘
’were photographed with Pan X f11m and pr1nted on Kodak Rapld
ﬁﬁContrast photograph1c paper |
Fluorography‘ | _ o
| Rad1olabelled EEC extracts and medxum samples for'
‘1£luorography ‘were assayed and d1luted as descr1bed and CPM
,of labelled prote1n loaded onto each gel were est1mated
'u51ng 1ncorporat1on data obtalned in exper1ments descr1bed
prev1ously (Sectxon D, Materlals and Methods) Gels were run
'as descr1bed for SDS PAGE, stalned w1th 511ver and soaked 1n
| an autorad1ography enhanc1ng solut1on (Enhance, New England ‘
.Nuclear) for 40 m1n. Gels were dr1ed 1n a BloRad gel dryer |
vkunder vacumm for 2h placed in a Kodak X-Ray Film Holder
with Kodak XAR-S x—Ray fllm and exposed at 80 C for 21
‘days. x-ray f1lms were developed with GBX Autorad1ography
"[Developer and leer (Kodak) and photographed as descrlbed

. above.

;F Autoradlography of Aggrega&es of Cells from the
Extraembryonxc Endoderm ‘

Aggregates of EEC were cultured in unleelled med:um or

"11n the presence of 30u1 of “C labelled amlno ac1d m1xture ‘““ R

;.(NEN) After harvestlng, aggregates were fzxed overn1ght 1n |
) fBouxns' f1xat1ve (Luna, 1968) and dehydrated through a"' |
‘;graded ser1es of alcohols (30%, sox, 60%, 70% and eox, |

Zf.,txmes each for 10 m1n- 95% and 100% 3 t1mes each for 10
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"min) Aggregates were cleared in chloroform and embedded in-

N

: paraplast.‘Sectlons of Su th1ckness were cut on a Spencer
"820" mlcrotome and mounted on slldes whlch had been
‘ precoated with 0 5% gelatln conta1n1ng 0 01% chromlum
.pota551um sulfate. :' ‘;\\. h
For autorad1ography, mounted sect1ons were soaked in
two changes of xylene to remove paraffln {5 min each) and
‘ rehydrated through a graded series of alcohols (100%, 90%,
‘,770%, 50% 2 tlmes,each for va1n) Sl1des were dlpped into
”distilled water twice, transferred‘to the’ dark‘room and
'placed 1n a water bath at 42°C. Kodak Nuclear Track Emuls1onm'
. (NTB-3) was melted at 42 ¢; slldes were. coated w1th emulszon i
‘and dr1ed 1n a l1ght tlght box at 4° C overn1ght. The slldes,
. were exposed 1n the dark ‘at 4°C for 4-14 days. Followlng h
'th1s, they were developed in Kodak D11 dzveloper for 2. 5
m1n, r1nsed 1n dlstllled water and f1xedt1n Kodak Rapxd Fix
';for a minimum: of 10 min. A thorough 15 m1n wash in runnxng
tapwater preceeded sta1n1ng R 4‘
o The sta1n1ng protocol used here was a hemotoxylrn’and
'[iEOSIH sta1n (Luna, 1968) adapted for autoradlography. Sl1des )

. were stalned as follows.>

l;l Harr1s Hemotoxyl1n (Luna,‘1968) 1 m‘“-,“h ,V
o;2.@=100ml 70% alcohol + 5 drops 1N HCl rapxd._lnﬂu‘l
";3;ljD1st1lled water, 30 sec. : S

‘“4;vh100ml tap water + 5 drops ammon1um hydroxlde,.:l‘

'.‘1-L30 60 sec.ﬁ;?a



5.
6.
9.

3

‘Distilledlhafe:ﬂJ$‘min;f

EOSinJYalé (ﬂﬁné,'5968); 90 seé.‘,
96% alcoholf,.répia,'zv¢hénges.‘ ST

AbSdiute alcohoi; rapid;‘z;changgs.

‘8yleﬂf;‘2 mih,‘Z‘éhénges. ‘“ 

After-dfying briefly, élides‘wére ﬁounted,»examihed for'

silver graiﬁs and'phétographea uéing a‘ZeiSS)PhotOMiérOSCbpé

III. -



<IIIL“RESULTS'N L :

‘A Preliminary Characterizationvof Serum'From Embryos

Incubated £or Four Days

T4,

‘\

) Serum Bandxng Pro£1le 1n Sodxum Dodecyl Sulfate
_Polyacrylamrde Gels

Serum from 4 day chxck embryos was analyzed using

'SDS PAGE-(hereln referred to as 4 day serum)' approxzmately

". Sug of prote1n was loaded onto each gel After gels vere

sbaaned w;th 511ver 14 dlstlnct proteln bands were obseryed
(Figureiz) These protexns were 1abelled arb1trar11y and ‘

T: consecut:vely from 1—14 represent1ng h1gh to low molecular
weight' prote1ns respect1vely. Prote1ns of known‘molecular“.
7.we1ght were obta1ned from Blorad and used as standards to
‘calculate-the molecular welght of each prote1n band 1n

.serum. The molecular we1ght of each marker prote1n 1s

1u1nd1cated on the left sxde_oi_the.gel When gels were

o sta1ned w1th s11ver to detect protezns 1n 4 day serum, whlch':

*were present 1n very small amounts, oversta1n1ng of marker

'prote1ns run 1n the same gel sometlmes occurred The bands

p

}:vproduced by molecular we1ght marker protezn% 1n oversta1ned

"g%ls were not well dlscrlmlnated in photographs. For clarzty

'of presentatlon, gel lanes conta1n1ng theSe markers were i

ﬂlommltted from f1gures.,The log MW of marker prote1ns and B

'>fthe1r mob111ty 1n gels (Mob1l1ty = Dlstance m1grated 1n

d"waﬁ"gelsf*Total ngrat1on of dye front) were used for regress1on
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| lysozyme (14 400 MW)

T

———

F1gure 2, A 12 5% SDS polyacrylamlde gel stalned w1th

j s11ver show1ng 4 day serum. Serum protelns are numbered

‘arbltrarlly and consecut1ve1y from 1—14 and are' “"

1ndicated on the rlght s1de of the flgure. The mean
*molecular welghts of these protelns (n 5) and the' L

frequenc1es w1th whlch they appeared 1n S experxments

are summarzzed in Table 1. Serum protexn 7. may

-

N4

correspond to a globullns 'a' and b' and serum protezn
Z‘) -,
12 may correspond to prealbum1n bas d on prev1ously

repd'ted molecular we1ght data (Kram and Klein, 1976°"

_see text) The pos1t1on of B1oRad molecular weight

i

markers are 1nd1cated on the left 51de of the fzgure and L

1nclude myosin (200 000 MW) B galactos1dase (116 250

{‘Mw), phosphorylase B (92 500 MW) bov1ne serum albumin |

(66 200 MW), ovalbum1n (45 000 MW), carbonxc anhydrase
(31 000 Mw), soybean trypsin 1nh1b1tor (21 500 MW) and .

1

1
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analys1s and the log Mw of serum protexns was calculated

‘from mob1l1ty data Molecular welght determlnat1ons from 5

separate analyses were used to calculate the mean molecular

‘we1ght t standard error (SE) for each serum prote1n band

%The results are summar1zed 1n Table I Because serum prote;n '

13 vas absent in. ‘one. gel, ‘the frequency w1th whxch the

dszerent 'serum prote1ns vere detected in gels 1s also

-reported (Frequency = Number of t1mes a prote1n band was

.‘observed/ Total number of exper1ments) It should be noted

*

that determ1natzon of the molecular wexght of prote1ns at

' the dye front 1s 11m1ted to the molecular wezght range of f‘

| the standarde used In thls study, the smallest protezn used

Avsa Jq-

' ' ,\ \\
‘Putat1ve Identxfrg ?%

as a standard 1s 14 400 MW (lysozyme) so any protelns at the

dye front could “in pr1nc1ple, be smaller than th1s.,v - )

dn of Serum Protexns
N e

An attempt as Aade\to 1dent1fy as many as poss1ble of

'the 14 protelns observed ‘in 4 day serum. For thxs purpose

Ifadult ch1cken serum protérns and egg wh1te prote1ns that

A\

:”were ava1lable from commerc;al sources were purchased

fConalbum1n 1s a prote1ﬁ component of egg wh1te wh1ch

-corresponds to serum transferrln, both have the _same am1no

e

._ac1d sequence but d1ffer 1n the1r carbohydrate mo1et1es

”if(W1111ams,v1962b) Because 1t was the only transferr1n 7’

A

'9molecule whlch was avaxlable as rela 1vely pure prote1n

it;ifor embryonlc serum transferrzn 1nf

“f}preparat:on, conalbum:n was selected as \ reference standardl_’j

!\

L _——A__a- R, N\

*1s study. Adult ch1cken"q[




Table 1 Mean molecular wexghts (n=5) and relat1ve
frequencxes of protelns 1n 4 day serum. Protelns were

b

‘ separated by thexr molecular welght uslng SDS PAGE
(Fxgure 2). The protexns were. named. arHitrarxly and
iconsecutlvely from 1-14 and data from 5 experxments were
“pooled Mean molecular welght + SE was calculated for
each’ proteln and the relat;ve frequency was calculated
'for each proteln as follows. Number of . txmes protexn
tband was observed/ Total number of experlments

R

B!
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RELATIVE FREQUENCY
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1.0

1.0

1.0

1.0

1.0
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serum albumin, adult chicken serm IgG and egg white avidin
were also available commercially and were selected as
reference standards.. Fign;e 3'is‘a representative gel
showing I1gG (lane A)W conalbumin (lane B) and aerum albunin
(lane c) r;n on a 12.5% SDS polyacrylamxde gel both
separately and mixed (iane D). Mixed reference markers are
also present in Figure 4 (lane A). } |
In the gel sn;wn in Figure 3, epchllane was loaded'ni:h
VO;Sug of protein; the lane with miaed sample contained 0.5ug
of each protein. Chicken serum IgG has a reported molecular
weight of approximately‘180,000 (Gallagher and.Voss, 1964).
Under the<conditionsfof SDS—PAGE used in tnis study, it was
detected as one dark etaining band, I1gG, (148,000 MW) and
one light staining band, 1gG2 (134,200 MW, lanes A and D).
An additional faint band‘was'Sometimes observed between 1gG,
and Ing. Conalbumin separated electrophoretlcally.1nto 4
bands (lanes B and D), one: major band, two light sta;nxng .
bands and one faint band. Because transferrin and conalbumxn
are apparently identical protelns (Wlllxams, 1962b) these.1
bands were named T, (79,500 MW), T, (76,600 MW), T, (72,300
*MW) and T, (69, 800 MW) - from: h1gh to lon‘molecular weight .
respectlvely. Although band ?.‘was often faint and sometimes
absent, it was defected in many gels and its bosition iS.v
marked he:e.i@dult chicken serum albumin migraﬁed as a
'aingle distintt band, Alb, (62,200 MW)rand occasionallyba
__faint second band;;Albz (56,500jMW),'§as observed (fanes o
ande).nThis'heterogeneity‘has been'observed‘in-ofhe;

,

-

."A



Figure 3. A 12.5% SDS-pol;ecrylamide gel stained with
silver showing reference marker protelns. These protelns (
.are labelled on the right side. of the figure and

include: Lane A,‘chxcken serum 1gG (1gG,, 148,000 Mﬂ‘end
Ing,v134,200 MW) ; Lane B, egg white conalbumin (T,,

79,500 MW; T., 76, 600 MW: T,, 72,300 MW and T.," 69,800

Y N

MW), Lane C, chxcken serum albumln (Alb,, 62 200 MW and \
Alb,, 56,500 MW); Lane D contains a mixture of tﬁese
proteinS‘aﬁd also egg white avidin (AV,) which appears'
to be an aggregate of avidin (AV,; 17, 600 MW) jn this
gel (see text) The posxtzon of BioRad molecular wezght“
margers are indicated on the left side of the flgure an&
rnclude: myosin (200,000 MW) , B—galactosidase (116(250‘
MW),'phesphorylase B g92,500 MW), bovine serum albumih
(66,200 MW), ovalrumin (45,000 MW), carbonic anhydrase

(31,000 MW) and lysozyme (14,400 MW).

EN
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Figure 4. A 12.5% SDS polyacrylam1de gel stained wlth‘
‘s11ver showxng reference marker protelns, egg white
albumen and. 4 day. serum Lane A contaxns a mxxture of

e,

reference markerﬂgrote1ns 1nclud1ng chlcken serum IgG
.(IgG,‘and IgG ), egg white conalbum1m.(T,, Tz, T, and
Ts), cn}cken serum albumln (Alb, and Alb ) and avidin as-
both an. aggregate (sz) and dzssgczated into subunxts‘
;(AV,,~17 600 MW)'. Lane B contains a sample‘bf egg white
albumen and presumptzve ovalbum1n is indicated on the'”w
right of the flgure (oval) Lane c conta1ns 4 day serum.
and those protexns 1n serum‘whlch comxgrate with
:reference markers are 1nd1cated on tne righ@ snde of the
f1gure. These include serum prote1ns 1, 21 3) 4 5,6,

8, 9 and 13. The protexn in serum (lane c) wh1ch :Vl
'com1grates with ovalbum1n 1n egg white albumen (lane a)

is serum protein 10
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albUmxn preparatxons and has been attrlbuted to a number of

factors 1nqlud1ng 1somer1zat1on, 1mpur1t1es and b1nd1ng of

vbuffer salts (revzewed by Peters, 1969) Av1d1n 1s composed

“of 4 1dent1cal subunlts and has a molecular we1ght of 667,000

o

(Green, 1964) This prote1n; Av,, ran as a single: band at

17,600 MW 1nd1cat1ng that it dxssoc1ated into subun1ts (AV,[‘
‘F1gure 4, lane A). After av1d1n was stored at-—20 C for
'several months it produced a dark sta1n1ng high molecular‘

"Ywelght band (sz; Figure 3, lane D and Figure 4, lane A) in
add1t1on to’ the 17,600 MW band Av, (F1gure 4, lanedA)j It

1s poss1ble that ‘some aggregatlon of av1d1n subunlts took

- place durlnd storage. Polymerxzat1on of protexn after long

.term storage has been reported for human serum album1n

\ 1. N
' o s

ey
f

‘(F1nlayson, 1965) o ;"w'
When reference prote1ns (F1gure 4 lane A) were
‘compared to prote1n bands in 4 day serum (lane C), ‘a number_
of - com1grat1ng bands were observed Those serum protelns
‘wh1ch com1grated wlth reference standards are 1nd1cated by
'arrows on. the r1ght s1de of é1gure 4. Based on thelr
.°com1gratzon w1th IgG, and Ing, serum prote1ns 1 and 2 were .
:qutatxvely 1dent1£1ed as IgG, and Ing respectlvely. Serum
'prote1ns 3 4 5 and 6 com1grated prec1sely w1th the 4-»

o - 2B
-fcomponents of conalbumzn (T, - T.) and were putat1ve1y

-i*1dent1f1ed as serum transferrzns. They are here1n referred

‘lt° as T|, Tz, T, and T. respectlve ‘h‘Ch1cken serum album1n,>fr~
T_Alb, and Albz:_comlgrated w1th serum protelns 8 and 9 i |

A.respeetlvely. These prote1ns were putat1vely 1dent1f1ed as



components of album1n and are here1n referred to as Alb,‘and
'Albz respectlvely. Serum proteln 13 was putat;vely
1dent1f1ed as av1d1n based on 1ts com1gratxon w1th Av, andl
flS hereln referred to as Av‘. Lane B (F1gure 4) is egg wh1te
albumen in which one of predomlnant protexns is ovalbum1n.
1Based on 1ts molecular welght (45 000), ovalbum1n was
1dent1f1ed 1n thls lane and is 1nd1cated on the rxght s1de
‘of the f1gure (oval) The,proteln in 4 day serum (lane C)
. “which com1grates with ovalbum1n 1s serum prote1n 10 Th1s
h prote1n, whlch is also prevalent in serum samples, may |
represent ovalbum1n. Thls proteln band 1s very broad and 1s
“oversta1ned in most gels but attempts to stop sta1n
‘;.development any earller resulted in the loss of other fa1nt f
»sta1n1ng serum. proteln bands. Elght subfractlons of |
"ovalbum1n have been 1dent1f1ed Whlch d1ffer 1n the1r fm
glwcarbohydrate content (Kato et al 1984) and three fractzons
- of ovalbum1n whlch dlffer 1n phosphate content can be
.resolved us1ng electrophore51s (Perlman,‘1952) These
factors l1kely contr1bute to the broadness of the putat1ve‘
“ovalbum1n band” 1? the gels presented here.'y . ‘ B
V’_h A second cr1ter1on used for putat1ve 1dent1f1catxon of fd

I‘prote1ns in. 4 day serum,was molecular weaght data reported - f

.“fprev1ously for serum protelns syntheS1zed by explanted 3 dayjf}}

bold ch1ck embryos (Kram and Kleln, 1976, Young et al, 1980) ll's

V]}These workers reported that transferr1n was:synthesxzed by
.ﬂxplk sac endoderm cells (EEC) and had a molecular we1ght of 1”*5

7?78 000._In th1s study, four transferr1n molesules were



detected in: 4 day serum (F1gure 4 lane C) The major:
“.proteln band T, (serum proteln 3) had a molecular wexght

ydof 79,500 % 1300 and is l1kely equlvalent to the transferr1n.

lhreported by Kram and Kle1n (1976) These workers also

reported the presence ‘of .a broad band in gels (55 000 -;'
h62 000 MW) whzch they 1dent1f1ed ‘as embryo spec1f1c r's
globul1ns ’a; and 'b'. In thzs study, serum protezn 7 has a
mean molecular weight of: 66 500 % 1400 Although this 1s ;‘
}h1gher than the molecular welght data for the a globulins B
doreported by Kram. and Klein, the mean molecular we1ght is j‘
t close to that reported by these authors and serum proteln 7"
\may correspond to a globu11ns 'a and b' (serum protezn 7,
huFlgure 2. and Table 1) F1nally, these workers 1dent1fy a.
hhprote1n Wlth a molecular we1ght of 23 000 as prealbug:n. In

‘»wth1s study, proteln 12 had a mean molecular welght of 26,500~

' t 1100 and for the same reasons ou€§1ned above for serum 4?7'1‘3

.vprotexn 7 1t is: putatlvely 1dent1f1ed as and hereln -

Q'referred ;\\hs~prealbum1n (PA) (serum prote1n 12, Flgure 2 Ty”‘
and Table 1) ‘ R 's‘;y}“‘l“jj"x t ,"'

w;},&,y

lwn Secret;on of Serum Protezns by Aggregates of Cells from ‘7*y‘
the Extraembryonzc Endoderm g L T

Serum protems wh1ch are to b‘secreted by EEC may be

fﬁsyntheS1zed:by these cells. Alternatlvely, these PfOte1ns \;‘*u

\

ﬂv1n cytoplasmlc ve51c1es to be released 1nto the v1tell1ne

Rfc1rculatlon.>1nﬁvrder to detect any serum protelns present

Tile be tdansported 1nto EEC from»a bumen or yolk and stored_}ljf7
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1n EEC after experxmental dxssoclatxon and,after various 4*_'
txme 1ntervals of culture, extracts of cells or aggregates

» .
were prepared in the.presence of protease 1nh1b1tor (PMSF)

These extracts are, in pr1nc1ple, enr1ched w1th water .
soluble protelns contalned in the various 1ntracellu1ar o
compartments. The culture medlum from these ' experlments was\

dlalyzed concentrated and prepared for SDS PAGE as

descrlbed prev;ously in order to detect any»protezns ‘that

i

-’.; uerelsecreted‘into the medium by EEC'aggregates, '
Detect1on of‘Serum Protexns 1n Aggregates and Culture Medlum_

‘ stng Sdeum Dodecyl Sulfate Polyacrylamzde Gel

| Electrophores:s - B ‘f_. _l‘,‘i ff

| Prel1m1narg experlments were conducted to’ establlsh

: whether or not serum prote1ns could be detected 1n EEC 1-"f
extracts and culture medlum based on the1r comlgrat1on wzth
protexns 1n serum from 4 day embryos on SDS gels. For th1s I
purpose, EEC were cultured in L 15 med1um for a total of 24h
and cell extracts and medlum were analyzed us1ng SDS PAGE.,”
Approx1mately 3 5ug total protein was loaded 1n each lane of

. &
the gel and samples from 3 separate experzments were ,y‘;

‘h;{ analyzed. F1gure 5 1s a representat1ve gel compar1ng 4 day

L

serum (lane A) to EEC extract from aggregates cultured for

1 24h (lane B) The pos1t1on of onRad molecular welght

markers are 1nd1cated on the left 51de of the gel and the ':;

p051t1on of proteln bands 1n EEC extract whzch eom1grate

w1th serum prote1ns 1n 1ane A are 1nd1cated on the r1ght Wg@




Fxgure '5. A 12 5% SDS polyacrylamxde gel stalned WIth

511ver show1ng soluble prote1ns present in EEC extracts "

prepared from aggregates cultured for 24h Lane A .
| conta1ns 4 day serum and lane B contaxns EEC extract.

Prote1n bands in lane B whzch com1grate w1th serum

’
: .

protelns in lane A are 1nd1cated on the r1ght szde of
_the: flgure and 1nc1ude. IgG (IgG ) transferrin (Ty, T;,lr
‘Tg,and.T.), serum proteln 11 (11) and‘prealbumin (EA),
‘fThe frequencieisith’wbicthhese'broteinS‘appearedﬂin~3
exper1ments are summarlzed 1n Table ‘2. IgG; waS*observed
in one exper1ment so 1ts p051t1on is marked here. Many
other proteln bands were observed bub they are d
unldegilfled at th1s t1me. The p051tlon of B;oRad

A

molecular wexght markers are: 1nd1cated on the left s1de

of the frgure*and*tnclude. myos1n (200 000 MW)

B galact051dase (116 250 MW), phospﬁorylase B (92 500
MW), bov1ne serum albumln (66 200 Mw), ovalbumxn (45 000""l

MW), carbonlc anhydrase (31 000 MW) soybean tryp51n e

1nh1b1tor (21 500) MW) and lysozyme (14 400 MW)

R
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side of the .gel. Prote1ns were observed in EEC extracts;
which com1grate w1th the follow1ng serum prote1ns' IgG,,b
“Ing, T,, Tz, T,, T., serum prote1n 11 (11) and prealbumxn e i
‘°(PA) The frequency w1th whmch these serum protexns appeared“‘
'Vxn 3 exper1ments is summarxzed in Table 2. o “(
V‘Ff'xﬁ the gel shown : 1n F1gure 5, Ing waslnot detected but
because it was detected 1n one repllcate 1ts p051txon is
uwmarked here. T. was only observed in one gel (Flgure 5) but
1t stalned very fa1ntly and may have been present in such ' ]lll
- small amounts ‘that it could not be detected by the methods
“used 1n thlS study. In addltlon, the band in EEC extracts
wh1ch comlgrated prec1sely with serum prote1n 11 in two |
‘exper1ments was detected as a protezn band of sl1ght1y lower
1‘molecu1ar we1ght in the gel shown in F1gure 5 Because 1t v
‘hjwas observed in other gels,\thls band lzkely represents |
‘;lserum proteln 11 as 1nd1cated*TFlgUre 5) Many other proteln f:x
q:bands appeared 1n EEC extracts 1n the molecular we;ght range
,‘fof 80 000 to 116 000 and 14 ooo to 65 000 but at the present

‘;tlme, none of these bands are 1dent1f1ed In summary. usxng

”;com1grat1on w1th serum protexns on SDS gels as the—cr1terlon

;hfor 1dent1fy1ng serum protelns 1n extracts~ the results i Qr”
5;1nd1cate that IgG,; Ing, T,, T,, T,, T., serum proteln 11
“:and prealbumxn (PA) are present 1n extracts prepared from
W*EEC aggregates after a 24h culture perlod g‘»“ji‘yTj* f‘y‘h:
\‘ F1gure 6 1s a representat1ve polyacrylam1de gel BN
f?compar1ng 4 day serum (lane A) to the med1um 1n wh1ch

;faggregates were cultured for 24h (lane B) The p051t10n of wfﬁ'“

'- o ’ ! "\, o "'*‘\
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Table 2. Relatlve frequencxes of prote1ns observed 1n
L
ww‘@éls us1ng dlfferent samples of EEC extracts prepared

'from aggregates cultured for 24h Protexns were

'

Separated by thelr molecular we1ght u51ng SDS PAGE

k1l

‘(Fxgure 5). Data from 3 experxments were pooled and the

i \

[relatlve frequency was calculated for each proteln as l

nfollows' Number of tlmes protexn band was observed/

'
'

Total number of . experlments. .
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TABLE 2.

PROTEIN : RELATIVE FREQUENCY
196, - . | _1.00
19G, - : ' 0.34

B TR o ‘ 1.00
T, , o 1.00
Ty o ' 1.00
T | | .. 0.34

Protein 11 " 1.00
Prealbumin "1.00
w ‘ ©



Flgure 6. A 12.5% SDS polyacrylamxde gel stalned with
silver showxng proteins released xnto ‘the culture medxum‘”
by EEC aggregates cultured for 24h. Lane A contains 4
' day serum and lane B contains-culture medxum from EEC —
.aggregates. The proteins in culture medium (lane B)
which comxgrate with proteins in ~serum (lane A) are
indicated on the right side .of the figure and include
Ing(Ing and I1gG,;), tran;ferrin (Ty, T, T,)‘and eerum
protein 11 (11). The frequenciee withlwhich‘rhese
proteins appeared in 3 experimenfs are §ummarized in
"Table 3. a globulins 'a' and 'b' as well as prealbumln».
appeaned some experiments so thelr posxtlon; are marked
_here. Many other protein bands.were observed'but they
are unidentified at this éime. The position of BioRad
molecular‘?eight markers‘are indicated on the left side
of the figure and include: myosin (200,000 Mw)‘ |
B-galactosidase (116, 250 MW), phosphorylase B (92 500
MW), bovine serum-albumin (66 200 MW), ovalbum1n (45,000n'
MW),,carbonlc anhydrase (31,000 MW) and lysozfme'(14;400

MW) .
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200,000MW— -+ |
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BioRad moleeular weight markers are4indicated on the left - ..
. side of the gel and the‘position or protein bands in culture
medium whieh eomigrated‘with serum‘protedne ih lane A are
indicated on the right eide‘of the gel. The quality of»this
gel is poor but regrettably, the photographic r%cord of two
other repllcates was destroyed when a f11m was ruined by a
bad batch of Kodak D11 developer. Gels‘were destaxned
'slxghtly for photography and thlS resulted in fadxng of
bands. An attempt was made to restain these gels so they
could be rephotographed;but this was unsuccessful. The.
frequency.data reported here is based on a written record of
the data from these experiments. |

Proteinlbande were obeerved in culture medium which
comigratéd yith the following serum protefhs: 1gG,, 1gG;,
?,,'f;, Ty, « globplihs 'a' and 'b;'(a&b). Proteih 11 (1)
and prealbumih’(PA). The frequency with which these serum
proteins appeared in 3 experiments is summariaedrin Table 3.
In the bel shown in Figure 6 the‘region-in lane B where
transferr1n bands appear in 24h medium is fuzzy and the
bands are 1ndlst1nct. The pos1t10n of T,, Tz and T, are
1nd1cated by arrows because they were clearly present 1n 2
A‘repllcates of th1s exper1ment. A protein band which’
com1grated with «a globullns 'a' and 'b" was observed‘1n ohe '
'fexper1ment and its- position 1s indicated in Flgure 6 (a&b)
' S1m11arly, the reg1on where’ prealbum1n would appear in
culture medlym_xs indicated here beoause 1t,was-present'in _

two ‘experiments. It may be present~in this gel but staininq



Taale 3. Relaﬁive*frequencies'of proteins obsetved\ia’
gels us1ng dxfferent samples of culture medxum from EEC
aggregates cultured for 24h. Protexns were separated by
‘thelr molecular wexght u51ng SDS-PAGE (Figure 6), Data
from 3 eﬁperiments were pooled”aﬁé the relatiVe | '
frequency was calculated for each proteln as follows:
Number of times prote1n band was observed/ Total number

1

'of experlments. o S e
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'TABLE 3.

PROTEIN . RELATIVE FREQUENCY

14G, . ' 1.00

3-196;“ 0.6

4'T1 \ \
C mzl.’».‘ | - 0.67
T, . . Y
a‘gldbu;ins 'a’ Ang b 3 : - ‘0.34
Prb;ein-1ﬂ ‘f ‘n N "_'¥ i 1:00f

: .Preaibumin C . | 0.67
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‘1n thls reg1on 1s 1ndlst1nct. In summary° u51ng com1grat1on
flwith serum protexns as the cr1terxon for 1dent1f¥1ng serum’
prote1ns, the results show that IgG,,.Ing, Ty, Tz, T,,‘
. globu11ns a' and 'b', protexn 11 and prealbumln are
»‘secreted into the‘culture»medium by EECHaggregates_cultured ?ﬂ .

" for 24h.

C Temporal Changes in Serum Proteln Secretxon by Aggregates
| of Cells from the Extraembryonlc Endoderm |
Pre11m1nary experlments demonstrated that serum
protelns could be detected 1n both EEC extracts and in
“culture med1um using SDS PAGE (Fzgures 5 and 6). In order. to
‘determlne vhether the pattern of serum prote1n secret1on |
changed dur1ng culture, EEC aggregateSAand med1um were
iharvested at var1ous t1me 1ntervals for analys1s uszng
"SDS PAGE QUa11tat1ve 1nformat1on about the relat1ve
‘abundance of these prote1ns was obtalned by observ:ng the
relat1ve sta1n1ng 1ntensxty of ‘bands produced.by these
}protexns after d1fferent t1me per1ods 1n culture. i
‘fDetectxon of Serum Prote1ns 1n Aggregates and Culture Medrum
l;at Varrous Txme Intervals Tﬁl\f*“‘.’ o
) ‘ EEC were d155001ated as descr1bed and d1v1ded 1nto 4
.Callquots. Approx1mately 140 embryos were used for each

;experlment One allquot of cells was washed 1n L-15 medxum u;f"

}and homogenzzed 1mmed1ately, thlS sample was used as a t1me

iOh control. The remaxnxng 3 alxquots were used to prepare
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aggregates as'deScribed“and'were‘culturedxfor‘Sh 18h‘or
30h. All samples were prepared for SDS PAGE as descrxbed b
’prev1ously and results ﬁrom two separate experlments were .
analyzed.‘ . | o |
| In order to make meanzngful comparlsons of’ the protexn
band1ng prof1le for each tlme 1nterval studled it was |
important to ensure that for eaGh sample a comparable amount
of prote1n was loaded onto . gelsr Two approaches vere. taken
" to this problem. After dlSSOCl tron, EEC were pooled and-an
‘dxdent1cal vclume of cell suspens1on was dlstr1buted between
4 flaskS‘ In one experlment EEC aggregates wereﬂharvested
’,homogenlzed and the proteln concentrat1on of each sample was
;determ1ned The volume of each sample was adjusted w1th
Trls PMSF so the protexn concentrat1ons were s1m11ar for f
' each extract (3 Sug depend1ng on the exper1ment) A second
‘approach was used 1n a repeat of thls experlment EEC
B extracts were prepared then they were concentrated in
‘dCentrlcon 100 concentrators to a dead stop wolume of 35ul
‘An 1dent1cal volume of extract was loaded onto gels for each

t1me per1od studled and because only small amounts of sample\“*r“

‘}lwere ava1lable, the prote1n content of samples was not B

r”determ1ned. It was assumed that 1n th1s second approach

prrotelns were present 1n concentrated extracts 1n the same
fjrelat1ve abundance as 1n the orlg1na1 medlum. The protexn'gf,]fiﬁ

fband1ng proflle compar1ng the relat1ve abundance of prote1ns

ngas 51m1lar for each approach _ﬁgfnffifﬁ



( F1gure 7 1s‘a representatlve gel showlng 4 day serum
(lane A) EEC extract Oh control (lane B) EEC extract from
aggregates cultUred for 6h (1ane C) for 18 h (lane D) ‘and
npfor‘30h (lane E) The p051tfgns of B1oRad molecular wezght .
“markers are 1nd1cated on the left s1de of the gel and those
‘(protelns in EEC extracts whlch comlgrate w1th serum protelns
in.lane A are 1nd1cated on the rzght side of the gel IgG, k
(:was detected in the Oh control (lane B) as a dark sta1n1ng
broad band and the stalnxng 1ntens1ty of thlS band decreased
fgradually in 6h arid 18h EEC extracts (lanes C, D and E).
After 30h 1n culture, only a gery falnt band correspond1ng
to IgG, was, detectable in gels (lane E) Thls prote1n may be
"degraded by cells or At may be secreted 1nto the medzum.

T, was observed in® the extracts prepared from
‘funcultured cells (Oh control) as a broad band Whlch
d1m1n1shed in. sta1n1ng 1nten51ty over t1me (lanes C D vand
v:E) Fa1nt proteln bands wh1ch com1grated w1th Tz and T, and
ﬂfT. were observed in Oh control samples (lane B) and these
Etbands dlsappeared from aggregates durzng the culture perzod
1(lanes C, D and E) T, may be degraded by cells or, 1t may be
;fsecreted 1nto the medaum. At the same t1me as T1'1s |
ﬁdxsappearxng from aggregates, a prote1n band of sl1ghtly
??hrgher molecular we1ght sta1ns more 1ntensely. ‘The 1dent1ty‘

faofﬂth1s prote1n 1s unknown but 1t could represent a

ffmod1f1catzon of T,, perhaps through glycosylat1on.;w,"f'

- ;}The serum prote1n 1dent1f1ed as a globul1ns a and 'b'
- e

;iappeared as a broad,band 1n 4 day s”rum (lane A) and 1n EEC f if




F1gure 7 A 12 5% SDS polyacrylamlde gel stalned w1th
511ver showlng prote1ns present 1n EEC extracts prepared
from aggregates cultured for varxous time 1ntervals.‘fu‘
‘Lane A conta1n5‘4 day serum and lanes B, C, D and E -
fcontain EEC extractsr'uncultured cé1i§'(1ane Bf Oh“
lcontrol), aggregates cultured for 6h(lane C) for‘f8h‘.
(lane D) and for 30h (lane E) Prote1ns Ain extracts ﬁg
(lanes B, C ‘D and E) whxch com1grate wlth serum
protelns in lane A are 1nd1cated on the rlght sxde of f
g the flgure and 1nclude- IgG.(Ing and Iggz), transferrin"
(T,, Tz, T, and T, ) o globul1ns 'a’ and'(b' (a&b) <,;‘ﬂ5”
'serum prote1n (11) and very faint bands correspondlng fg .
to prealbumln (PA) Those serum protelns 1nd1cated by ‘

'

arrows are. not necessarlly present at every t1me

BN

‘] 1nterva1 of culture (see text) Many other prote1n bands \g:'

‘

were observed but they are un1dent1f1ed at thls t1me..
The pos1t1on of BzoRad molecular we:ght markers are
1nd1cated on the left 91de of the f1gure and 1nclude.;‘:5‘h“.
| myos1n (200 000~MW), ﬁ—galactos1dase (11& 250 MW) .
phosphorylase B (92 500 MW) bov1ne serum albumln e
(66 200 MW), ovalbdm1n (45 000 MW) carbon1c anhydrase b
(31 000 Mw) and lysozymev(14 400 MW) | RS
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extracts,.a doublet was observed wh1ch com1grated »

appr%ﬁﬁmately w1th thzs proteln.‘Thls doublet may represent

‘the « globul1ns and 1t was very faxnt in Oh control extracts‘

(lane B) but appeared to 1ncrease 1n concentratlon over the
‘t1me 1ntervals studled here (lanes c, Dvand E). Kram and
Klezn'(1976) reported that 3 ‘day - old embryo explants
“cultured on whole egg medluﬂblncorporated radxolabelled

amino 2cids into a globul1ns 'a' and b' and it was later-

hesiz 1.
v1980) R

Prote1n 11 1s present in large amounts in Oh control

‘b‘extracts (lane B) and" based on sta1n1ng 1nten51ty,.1ts .

"concentratxon decreased rapxdly in aggregates so that by 30h‘

| 1n culture, only a small amount rema1ned (lanes C, D and E)

"fjAga1n, thls prote1n may be degraded by cells or 1t may be

‘isecreted 1ntoﬁthe medlum. F1nally, a very fa1nt prote1n band ‘

vwas observed 1n all extracts (lanes B C D and E) wh1ch
' fcomlgrated w1th prealbumln (PA) 1n lane A In summary, the

(~resu1ts show.that IgG,, Ing,\T,, Tz; T,, T., a globullns

Aa and 'b' serum prote1n 11 and prealbumzn are present 1n3w‘»1:

“lEEC extracts. The prote1n bandlng prof11es and changes 1n

"sta1n1ng 1nten51ty of bands descrlbed here (Flgure 7) were

B

fcon51stent when extracts from two separate experlments were [9'“

ﬂ?analyzed us1ng SDS PAGE Many other proteln bands were f;,f;,f

‘bbserved 1n these extracts and based on thezr sta1n1ng
RUE

1nten51ty in gels many pr°t31n5 aPPeared to decrease 1n @fﬁ"w'

’concentrailon over t1me and several appeared to 1ncrease 1n

kel . . d o
. R BN .' g

-k

, .



| concentratlon over txme. These prote1ns have not/yet been '
, 1dent1f1ed Changes in the\band1ng proflle of prote1ns 1n‘
EEC extracts cultured for var1ous t1me 1ntervals may
represent changes in the pattern of prote1n synthe51s,
degradatxon of proteln or secretlon of proteln by these K
‘ce‘lls. S L
k Analysis of‘the culture medlum from these%experiments :‘
prov1ded 1nformat1on about protexns that were secreted by
"EEC - over the tlme 1ntervals Studled here. Culture medlum”wasff‘
prepared as descrlbed for SDS—PAGE-analy51s;'The same'tuo Do
approaches descr1bed for EEC extracts weregysed in these'
stud1es. F1gure 8 is a representat1Le gel show1ng 4 day B
| serum (lane A) wash med1um (Oh control- lane B), medlum
from aggregates cultured for 6h (lane C) 18h (lane D) and
30h (lane E) The pos1t1on of B1oRad molecular welght o
: markers are 1nd1cated on the left 51de of the gel and the
| pos1t1on of those protelns in medlum samples wh1ch congrate
5 wrth serum protelns 1n lane A are 1nd1cated on the r1ght B
s1de of the gel the gel shown 1n F1gure 8 samples of
med1um were assayed for proteln and concentratlons of 6h

18h and 30h sa‘_les were adjusted accord1ngly (3 5ug

dependxng on the exporzment) The proteln concentrat1on 1n

the Oh control sample (lane B) was very low but 1t was

\

1ncluded in’ thls analy51s 1n order to determ1ne whether any (f'pfﬂ




;vagure 8. A 12 5% SDS polyacrylamlde gel staxd;d w1th S
‘&sxlver showxng protelns released into the culture medlum =
hfby EEC aggregates cultured for various time ?itervalsm\
'Lane A conta1ns 4, day serum and lanes B ¢, D and E
contaln culture medlum from EEC aggregates wash~med1um‘

‘(lane B; th control) medlum from aggregates cultured

-for 6h (lane C), for 18h (lane 'D) and for 30h (lane E)

AN

Protelns in: medlum.(lanes B c,D and E) whxch comlgrate

with- serum protelns ‘in laL:}% are 1nd1cated on the rmght N
tsxde of the flgure and 1nclude.,IgG (196G, and I9G; ) o

transferr1n (T,, Tz, Ta and Ta ), a globul;ns faf and b'

(a&b) serum proteln ll (11) and prealbum;n (PA% Those

i
sedum protelns 1nd1cated by arrows are not neéessar1ly

- 9

present at every t1me 1nterval of culture (see text)
Many o{her proteln bands were observed but they :re
| unldent1f1ed at thls t1me The posxtlon of BloRad
molecular welght markers are 1nd1cated on the left 51de =
of the f1gure and 1nclude myoszn (200 OQD MW) |
B- galact051dase (116 250 MW) phosphorylase B (92 500
o MW) bov1ne Serum albumln (66 200 MW), ovalbumln (45 000

'AMWX; carbonlc anhydrase (31 000 MW) and lysozyme (14 400

e
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proteins were detected in medium sampies-(laneslB, C, D and
E). 1gG, was observed in the wash medium aad in medium after
aggregates were cultured for 6h, 18h and 30h" (lanes B, C,VD
aad»E). The gbncentration of this pretein in'eatracts |
“prepared from EEC aégregates appeared to decrease over. the

 time intervals studied.here (Figure 7)iﬁlt is éossible that

. 4 !
this protein is secreted.or released by EEC into the culture

medium.
‘ . " .

'\ In the gel shown in Figure 8, T, migrated as a broad

baad.in'47day serum (lane A). In Oh dnd 6h samples (lane B

and C), the band which comigrated with T, was resolved as a
_ doubleg In medium from aggregates cultured for 185 (lane
D), the‘ata1n1ng 1ntens1ty of this band 1ncreased and after
30h in cultafe the same band stained as a sxngle broad band
(lane E). T, disappeared in EEC extracts over the same time
,beriod (Frgure 7) and over the same culture period its |
concentration in mediam appeared to increase suggesting that
it was secreted into the medium by EEC.aProtein bands were
observed in medium samples whieh.comigrated approximately
with T, and Ty«and a rery faint band\;omigrated Qith f.
(lanes C, D, and E). . ‘

A distinct band wh%gh,éamigrated with the q‘élobulins.
in 4 day serum was oaservéaiin culture mediaﬁ‘ar‘al} time
‘-1ntervals studled (lanes B C, D and E). In addition,‘
.prote1n 1 appeared in all samples of med1um in large

amounts (lanes,B C, D and’ E) It dxsappeared in EEC
¥

extracts over ‘time (Flgure 7), suggest1ng again that it was
1 .
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secreted into the medium by EECr‘Flnally, a bandmwhich
‘comiérated,with serum prealbumin (PA) in lape A vas observed
in medium samples (lanes C, D and E). It was very faint in
6h medium (lane C) but the sta1n1ng 1ntensxty of this band
3ncreased‘1n,18h and 30h medxum (lanes D and E). Th1s band
occasionally appeared;as a dpublet (Figure 8) but was more
lfrequentlyiobserved as a single band in gels. Prealbumim
appeared to increase in concentratlon in med1um over the
»time intervals studred he{/\But was present at all stages 1n
EEC extracts as a very falnt ban (Flgure 7). It is p0551ble
that it is synthes1zed by EEC and released rapidly 1nto the
medium. Based on these results, it was concluded that 1gG,,’
‘T,, T2, Ty, Ta, a globulins 'a' and 'b', protein 11 and
prealbum1n are secreted by EEC into the. culture medlum over
the t1me 1ntervals stud1ed desed on staining 1nten51ty,
both T, and prealbum1n appeared to increase, in concentratlon

f

in medzum as the t1me 1nterval of culture was increased. -

S

D. Synthesis?of Serum Proteins b} Aggregates of Cells fron,

\

the Extraembryonic. Endoderm
Prev1ous exper1ments demonstrate that serum protelns
are present in EEC extracts and in culture medlum and that
‘the amount of prote1n present at d1fferent time 1ntervals of
| cu{ture var1es for some prote1ns (Figures 5, 6 7 and 8)
‘These protelns may be present 1n .EEC at the t1me of o
‘dxssec1atxon and secreted or released 1nto the medlum durlng

Athe culture 1nterval Alternat1vely, these protexns may be

.
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'synthesized by EEC and secreted or released into the medium.
In order‘tc determine whether serum protein synthesis takes
place in cultured EEC aggregates, radiolabelled amino acids
were introduced to the cultureimedium so that newly
vsynthes1zed protelns could be detected us1ng S;S ~-PAGE and
‘fluorography. ' i ~ - '
“Incorporation of Radiolabelled Amino Acid into Protein

Experzments were conducted in order to determxne
whether EEC aggregates 1ncorporated rad1olabelled amino
ac;ds 1nto protelns under the conditions used in th1s study.
Cells were dissociated as described and‘culturedhfor 24h in
the presence of a mixture of ’H labelled-anino‘acids or a
'mlxture of '*C labelled amino acxds (New England Nuclear)
Because serum prote1ns are apparently secreted 1nto the
culture medlum by EE& aggregates, both EEC extracts and 'Q\\v
culture medium were,assayed for labelled‘protein using TCA
fprecipitation and scintillatlog counting;‘Thé extenthf
‘incdrporation was duantified aid is reported héfe;aé CPM/ugv
protein. Table 4 shbwsfthat”labelled amino[acld"was,detected‘
in‘the prcteins‘prﬁﬁipltated.hy TCA'in’both EEC.extracts And°;

rbik

culture medium, l'ﬁ'

: Under the con 1t1ons used xn thls study, EEC synthes1ze‘

i
boe e
"

proteln and secrete \ t 1nto the culture med1um. ';

Rad1olabe11ed am;no ac1d m1xtures produced a greater numbep SN

of CPM/ng prote1n than labelled va11ne and the am1no ac1d

Hmzxtures were selected for further 1abe111ng experfmeqts..

,\"



ble 4 Incorporatxon of °H val1ne and ’H or “C amxno
acad mlxture 1nto TCA prec1p1table protexn. Aggregates
were cultured for 24h in the presence of label EEC
extracts were prepared and the‘culture medium was
'collected, Proteins were precipitated using 15% TCA and p‘
5% PTA as described in Materfels ahd Methods}
Incbrpcratlon was calculated ae counts per minute (CPM)

per ug protein. e -
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TABLE 4. o o o
RADIOLABEL EEC EXTRACTS CULTURE MEDIUM
- (CPM/ug protein) . (CPM/ug protein)

*H Valine . .. 13,44 1,79

*H Amino Acid - 242,79 © 20.88
Mixture o ‘ ' :

'+C Amino Acid = | 156.48. . - 45.69

- Mixture ‘ : S L .

-
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”Synthesis and Secretzon of Serum Protexns in Aggregates of
. Cells £rom the Extraembryonxc Endoderm Cultured £or 24 Hours
In order to determxne vhether any of the prote1ns

‘,'synthes1zed bquEC aggregates were serum protelns,
‘pre11m1nary e@g@r1ments were conducted us1ng rad1olabe11ed
amino ac1d mixture. 'EEC vere cultured in. the presence of

) 30uC1 of ’H or "C labelled amlno acid mlxture for 24h. EEC
extracts and culture med1um were prepared for SDS PAGE as
descrlbed For cultures labelled w1th ’H amxno ac1d mlxture, -

_fapproxlmately 80ug of total EEC extract prote1n (19 400 CPM)

vﬁand 40 ug of total culture med1um protexn (840 CPM) were
loaded onto gels. For cultures labelled w1th "C labelled

- amino ac1d approx1mate1y 80ug total proteln (12 600 CPM)
for EEC extracts and 70ug total culture medlum prote1n (3200
CPM) were loaded onto gels. Approx1mately 5ug of 4 day serum ,

' was® run on each gel so that any protezns in extracts or -

“medlum wh1ch contaaned labelled amlno ac1d could be |

frxdent1f1ed an SDS gels based on the1r com1grat1on w1th serum

}'protexns. Gels weré’drled and exposed to x-ray f1lm at

J}” After 21 days of eXposure, gels'contalning ’H labelled

samples produced no detectable bands on x-ray f11m (data not

shown) The same exposure:fame for gels*contalnlng "C

;flabelled samples produced d1st3nct bandSron the f1lm (E1gure

to com1grate_wzth serum prote1n 14

2

Egdye front whzch appeared




‘Flgure 9 a- A fluorogram prepared by exposxng x—ray
: _f11m to dr1ed 12.5% 'sps- polyacrylamxde gels contaxning
‘EEC extracts and culture medxum prepared from aggregates
‘;cultured for 24h° 1n the presence of . "C labelled amino
acid mxxture. Lane. A conta1ns EEC extract and lane B ;f"
contalns culture med1um. Some un1dent1f1ed radlolabelled
':iprote1n bands 1n lane A are 1nd1cated on the left slde
]of the flgure by arrowheads.‘None of these bands
comlgrated w1th prote1ns in 4 day serum except the
1ntensely labelled band at the dye front Thls band

proteln bands 1n the culture medlum (lane B) whlch

°

- ,comlgrated w1th protelns 1n 4 day serum are 1nd1cated on’”

‘the rlght side of the f1gure and 1nclude transferr1n_

.,(T ), a very fa1nt band correspondzng to serum prote1n |

11 (11) prealbum1n (PA) Serum proteln 14 (14) m1grated ftu:

Qat the dye front The X—ray f11m was exposed at -80 C

'for 21 days._ibh'

v P

l_yplgure 9 b shows a fluorogram of culture med1um prepared‘??f

in the same manner as the sample shown 1n Flgure 9 a

“} ﬂ(lane B) In thlS gel serum prote1n 14 m1grated to ‘al i :

y’rfﬁexposed -80°C for 21 days.‘ l_h-yg~;

“ﬂipos1t1on close to the dye front The X-ray f1lm was
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‘ none\pt these b;nds comlgrated w1th o) ote1n5\1n 4 day serum; 'IVL
Lane B conta1ns protelns secreted 1n!§ the culture medxum |
‘n‘.and these protems comxgrated prec1sely w1th prote1ns ‘,n 4
'day serum, A s1ngle radlolabelled band com1grated thh T,, af'“
very faﬁ band was observed wh1ch comlgrated w1th serum o
prote1n 11 and a dlstlnct band comlgrated wlth prealbum1n._
These proteln bands are 1nd1cated‘lh the rlght szde of: the
tx—ray f1lm These bands were not labelled 1n EEggextracts
but- they may be synthes1zed by these cells and then rapldly
secreted. It 1s p0551ble that they are present 1n aggregates
‘ig1n very small amounts and may be detectable on x-ray fxlms
‘1f expoSure t1me is 1ncreased In one repeat of th1s d
i exper1ment a~rad1olabelled prote1n was observed close to the ﬁfll
ndye front Wthh comxgrated w1th serum prote1n 14 (Figure R
"Temporal Changes 1n Serum Prote1n Synthesxs 1n Aggregates of
.Cells from the Extraembryonxc Endoderm "': “_ i |
) When EEC aggregates were cultured for varlous t1me 3_'f; {75

‘l{perlods, the pattern of serum proteln synthe51s var1ed at

d1ﬁferent t1mz 1ntervals of culture. Exper1ments we'e lffg?nx

;ﬁde51gned in e
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.'from each t1me 1nterVal studxed could be compared
‘bﬁquantxtatlvely, 1dent1cal volume of cell suspens1on was
':1ntroduced 1nto each flask and both BEC extracts and medxum
lfwere concentrated 1n aaCentr1con 100 concentrator to dead
ustop volume, 35u1 Becauge only small quant1t1es of sample .
gwere obta1ned in each exper1ment, these samples were not
. assayed for pt0t61n content Based on prev1ous assay
‘results, 1t vas estxmated that 100 150ug total prote1n wasl

1

' loaded: onto gels for both EEC extract and medlum samples.f
1"Bec:at.lse the labelllng per1od used here was: 6h and the
:flabelllng perlod used in 1ncorporat1on experlments was 24h
'1t was estlmated that extracts and culture medlum labelled' -
:{for 6h contalned only 25% of the CPM/ug prote1n calculated‘t F
mfor extracts and culture medlum labelled for 24h Based on

7nthese est1mates, CPM loaded onto gels were as follows. ?HV.N"

’

rlabelled EEC extracts, 520 780 g labelled med1um samples,j'ﬁd”"

f3900 5900*1"C labelled EEC extraégs,'1140 1720 and "C
I_labelled med1um samples, 1140 1720 SR ”v '; -

i} When gels containzng ’Hflabelled EEC extracbs werel
iiexposed to x-ray f1lm eor 21 days,‘no bands were observed
;i(data not shown). When gels conta1n1ng "C labelled EEC

]fextracts were exposed for the same t1me per1od falnt bands

bt L CEY \’ A

‘iwerihobserved 1n_the 6h sample (F1gure 10 lane B) b

ut theseag i



F1gure 10 A fluorogram prepared Fy exp051ng x*ray f11m
to dr1ed 12 5% SDS polyacrylamlde gels . conta1n1ng EEC -
extracts prepared from aggLegates labelled w1th RYe

!

am1no ac1d mlxture for 6h prlor to harvest Lane A -

‘: contalns uncultured unlabeﬁled EEC extract (Oh control)

.
8
i

ﬂfQEﬁZI daYSg‘

A , ' ' AN ‘. S
"_iane-C contaxns extract frém aggregates cultured fo

lane B conta1ns.extract frpm aggregates cultured for 6h

and lane D conta1ns extr?c{ from aggregates cultured‘ or

30h The arrows on the r1ght 51de af the f1gure 1nd1cate
stme very falntiy labelled un1dent1f1ed prote1n bands,
none of. wh1ch comxgrated w1th the prote1ns in 4 day
seﬁhm The labelled bands at the dye front congrated
w1th serum proteln 14 but may also represent degraded

labelled prote1n The’x—ray £1lm was exposed to at -80 C

TN PR coe e fe
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dxn 4, day serum was observed 1n medxum from aggregates
‘“cultured for 18h (F1gure 11, lane C). and. 30h (lane D)‘ Thesei:
‘results suggest that transferr1n 15 synthesxzed by EEC | 8
}haggregates then secreted 1nto the medlum. Because 1t lS
,:absent in medlum from aggregates cultured for ah 1t 1s‘
‘3p0551ble that thzs protexn was not synthes1zed by EEC untxl j

"between 6h and 18h in culture. A second band Whlch _ ';"

",
.

“comlgrated w1th prealbumzn in 4 day serum. was detected at’

l‘all time 1ntervals stud1ed (lanes B c and D? Thxs protexn
'is apparently synth051zed and secreted by EEC prxor to 6h 1nhk
'culture and 1t cont1nues to be produced through the t1me

‘1ntervals stud1ed here A labelled band was obserVed whxch

\

m1grated at the dye front and thzs band may represent serum

&

tproteln 14, All samples were labelled for 6h pr1or tg
fharvest ensurlng that any prote1n whzch was observed on
‘u"fluorograms was synthes1zed w1th1n thls 6h perxoa Thls

‘*el1m1nated the poss1b111ty that changes an the concentrationff

"of labelled proteln were due to accumulatlon of labelled“‘“‘

>
o R S

fﬁproteln 1n the medlum._v_f""--'

- A, band was detected 1n fluorograms of 24h medzum whxch;q,

R . 0

*;cam1grated wlth Serum proteln 11 (Fzgure Qa,‘lane B F1gu?e e

I This band was not observed 1n Gh 18h and 30h med;um |
Vibut thzs may be due to the-length of the labellxng per1od.t;gf

;ﬁln prelqmlnary exper1ments, aggregates were cultured 1n the. 5

‘;fpresence of label for 24h‘but’1n the experxmént Just

!

'l“descr1bed a Gh,label perrod was used for each tzme

t»erval It 1s posszble thag serulrprotem 11 1s "lvil":f’
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Figure 11. A fluorogram prebarqd-by exposing X-ray film.

to dried 12.5% SDS-polyacrylamide gels containing

culture medium fromaEEC aggregates labelled with '‘C
amino acid mixture for 6h-prior‘to‘harvest. Lane A
congains wash medium from unculturéd unlabelled EEC (Oh
gontrol), lqpe B contains medium from\aggregates‘
cultured for 6h, lane C contains medium' from aggregates
cultured for 18h and lane D contains medium from

b4

aggregates cultured for 30h. The arrows on the right

>

side of the figure indicate those labelled protei& bands r
- e

in medium samples which comigrated with Fhe proteins in
4 day serum and‘include:t;ansferrin (T,) and prealbumin
(PA). The labelled bands at the dye front comigrated
with serum protein 14. The X-ray film was exposed at

-80°C for 21 days. - | ‘ | \
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“synthesized in very small amountslbut accumulates in'the
mediuu over é4h. A 6h labelling period may not.be sufficient
to produce the quantity of serum protein 11 required for
detection on fluorograhs ghen filmscare exposed for 21 days.

In_conclusxon, aggregates cultured for 0-30h synthesxze

and saprete prealbumin thhxn the fxrst 6h of the culture

a
interval and these same aggregates begin to synthesize
transferrin between 6h and 18h inlcultufgl Serum proteln 1M
and other proteins mayvbe produced in small amounts by the
aggregates since théy were not observed atter a 6h labelling
.period but were present after a 24h labelling period. Serum
protein l4 may also be syntheslzed and secreted'by'
aggre&gtes at all time interﬁals studied but it should be
noted that‘the protein at the dye front may also represent

degradation product resultxng from protein breakdown. Figure

9b shows that serum proteln 14Acan be detected as a discrete:

" band afterqa.24h labelling period. : I
5

—— ﬁ‘, -"
E. Detectxgﬁgof Protein Synthes1s in Aggregates of Cells

h

frommthe Extraembryonic Endoderm Using Autoradiography

- Serum proteins are synthesized by EEC aggregates'and

secreted 1nto the culture med1um. Aggregates of EEC begin to

~cavitate after several hours 1n culture (MllOS et ai, 1979)

and prote1ns may be secreted 1nto cavities by these cells in

addxtlon to belng secreted into the medlum. In order: to
determ1ne’whether any newly synthesized proteins are

secreted into cav1t1es, aggregates were cultured for various

»
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txme peraods in the presenpe of “C then ¢hey were fixed and
| 3 .

prepared ‘for autoradxography. Fxgure 12 shows a

e’

W

7

\
ﬁrepresentat1ve autoradlogram of an" aggregate cultured for
i

18h lever gralns ‘were’ obseryed both in cav1t1es w1th1n the

o ,
R

' aggregate and at the perlpheH&‘of thelaggregate. No,sxlveg;

\ ’

grains were detectea in’ an unlébelled controi aggregate

N

prepared in the same manner. Theee results suggest.that

newly synthes;zed prote1ns are: secreted by cells at the
periphery of the aggregate and also into the cavities’ wh1ch
form 1n the aggregate. The major radlolabelled protein bands
observed in fluorograms of culture medxum from EEC '

aggregates (Fzgureai§a; 9b and 11) are tran§ferr1n,
prealbumin and possibly serum protein 14. Itiia likely that

4

at least some of the silver grains observed in

R

autoradiograms are serum proteins’synthesiaed“by EEC

aggregates. RN -
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J Figure. 12. An autgradiogram of a 5u paraffin section
| from an aggtegate cultured. ia‘the presence of fTC
'»labelled amxno acid mxature for 18h Labelled slxdes
were coated with emulsxon and exposed for 9 days. Silver
:gralns in the cav1t1es and at the perxphery “of the
aggregate are 1nd1cated by arrows. Silver grains were

. not detected in an unlabelled control aggregate prepared

‘ : . - o .
. in the same manner. Scale: icm =" 13 um.
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The results of thls“study show that several serum-
& e :
protelns, 1nclud1ng transferr1n and arealbumzn were sj::D

v ) :

.

synthe51zed by EEC aggregates and sqpreted 1nto the culture

medxum (Fxgure 11) .~ The synthes1s of transferr1n was

n

’;1n1t1ated somet1me between 6h and 18h in culture whereas
, . P :
prealbum1n synthes1s was detected w1th1n the f1rst 6h of the

..

hculture per1od Thxs 1s the £1rst time &hat serum prote1n

I

'synthe51s and secretlon have been studied i EEC at this =

~

early develppmental stage.

Proteins in serum can be transported through the

circulatory system from thexr szte of synthesis to any other

[y

tissues in the emoryo.,By interaCting wlth”differentiating
tissues and organ systems at spec1f1c s1tes in the embryo,
these molecules may functlon as b1ochem1calxs1gnals‘1n
d1fferent1atlon and embryogenes1s. For example, transferrxn
“is a serum prote1n synthes1zed and secreted by ;he EEC of
the area opaca in the chick embryo (Young t al 1980)
is presumably transported 1nto-the v1te111ne c1rculation
where it becomes a major component of embryon:c serum - "
.(Weller, 1966a~ Kram and Kleln, 1976), The s1te of ‘
transferr1n synthe515'1s extraembryonic but transferrinl
receptors are syntheszzed by var1ous cell types 1n the ch1ck
"embryo fﬁ%lud1ng sp1na1 neurons (Markelon1s et al 1985) and
pr1m1t1ve embryon1c erythrocytes (Schmldt et al 1986)
‘:.Trdnsferrzn moleCules are a class of rron b1ndqu

;glyc0prote1ns whxch are rmportant for the’ transport of .‘ ‘

e, . . R

>
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'extracellular 1ron)1nto éella (rev1ewed by Axsen, 4980) but w:

_ may also play other noles in embryogene51s such as

g

- M* !

K

A
st1mulat1ng growth and d1fferent1at1on. In thls study, the
< i

pattern of serum prote1n synthe51s and secretlon in EEC from

primitive streak stage chick embryos-was characterlzed
N .

because these molecules may be very 1mportant 1n
embryogene51s.. f“»f:L,;

The area opaca of‘chick embryos’at the pr&mitfye streak
stage is already engaged in serum protexn synthes1s (Kram -
and Kle1n, 1976) and, the”51te of synthes1s in embryos

1ncubated for 4 days 1s the endoderm layer of the aPea opaca

(Young et al, 1980). The pattern of proteln syntheszs in -

o

these cells may be affected bY-mechanical and temperature

. stress which cells undergo dur1ng ‘the d1ssoc1atlon procedure‘

used here. In add1t1on, aggregates are produced from EEC by

.cultur1ng them in a synthet1c medlum conta1n1ng am1no ac1d5v

~ but no macxomolecules. Indeed 1t has been demonstrated that

ch1ck embryos ut1llze prote1ns 1n preference to am1no acids

-«

for' proteln synthes1s (Walter and Mahler, 1958) Some t1me

in- culture may be necessary for cells to recover from stress'
and adapt to new culture condltlons before proteln synthe51s,

is resumed In add1t1on, the synthe51s of’1nd1v1dual
N

¢

protelns may be affected to a dszerent extent.

w,

S Nevertheless the detect1on of prealbum1n synthes1s ~—ﬁ

.lfrom the medxum\for prote1n synthe51

after a. 6h culture per1od 1nd1cates that EEC are capable of

vadaptxng to cul%ure cond1t10ns and utxi1z1ng am1no ac:ds

: w1th1n a relat1Vely

N ,‘ o

Bimy

. wie
- o
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' short t1me 1nterval Whe her protexn synthesxs patterns in

‘ aggregates are ‘the same” as those whxch take place in OVO hasm

"idnot yet been establxshed but Zagr1s (}985) observed that'”
1

erythroblasts 1solated from blood islands of prestreak

embryos produce embryonlc and adult hemoglob1ns in the samem

sequence as they appear In ovo. In other embryon1c systems

such as the rabblt embryo at pre1mplantat10n stages, it has‘

been demonstated that proteln synthes;s patterns are//‘

'”:,1dent1cal fn ylvo and in vitro (Van Blerkom et aI 1970).
The EEC aggregates used in thlS study resemble thﬁ EEC“

"‘ of, 1ntact area opacae morpholog1cally. Aggregates cavxtate

‘and form th1n walled ves1cles 1n the absence of other cell

types (Milos et al 1979) In ovo, the endoderm layer of the'

aPea opaca spreads to surrouniethe yolk form1ng a . Q‘ 4

thin- walled sphere (Rommanoff 1960) In additibn; Lk

-1ntercellu1ar Junct1ons form in EEC aggregates&durxng Qﬁ.‘

,-n

;cav1tatlon whxch resemble those in the endoderm of the aﬁea

X
opaca In vlvo (leos et aI 1984). If bxosynthes1s is

}

, requ1red in. EEC for the morphologlcal process of cell

cen -/;r

"spreadxng In ovo, or cav1tat10n In vltro, then EEC

aggregates may also resemble the endoderm of the area opaca

blochem1ca11y. Other workers have sugg%ﬂ!ed that speo1f1c‘f'

. reglons in. the chlck embryo may undergo chem1Ca1 f'{“

R 92"

d1fferent1at1on and dlverge to dxfferent developmental fates .

przor to the man1festation of assoc1ated morpholog1ca1

V‘:'changes (Zagrls and Matthopoulos, 1985) thle prxmxtzv‘,‘ff

. streak format1on was onee con51dered the fxrst 51gn1f1c\nt




w'

e

e
h

~

I

C

N
[

‘~morphologlca1 d1f£erent1at1on. Cav1tat10n in EEC aggregates

) | . ]
P " B . ..‘ ‘~ . f.

morpholog1ca1 event 1n chﬁck development Eyal G1lad1 and

- -

L.

- Kochav (1976) character1zed prestreak development in. detall

‘ These workers observed that the format1on of the area

i .
pelluclqa and,ghe hypoblast represent 1mportant

morphogenetic changes that occur pr1or to pr1m1t1ve streak

v

formatzon. It is poss1ble that assoc1ated blochem;cal

.-

sxgnals are present at<:2eselearly stages. Reglonal A

dxfferences 1n prote;n synthesis patterns have been detected
in the prestreak chlck embryo by Zagr1s and Matthopoulos .
(1985) These workers propose that new protelns appear as a.

result of chemical dxfferentzatlon whlch preceeds

is a morphogenetxc\process wh1ch resembles the spread1ng of

EEC around the yolk in vlvo. Th1s morphogene51s may take

‘ place 1n resgonse to chemzcal d1fferent1at1on in EEC, such‘

‘t‘synthes1ze serqﬁiprote1ns and phe pattern of synthesis

-as the synthe515 of‘hew protelns. In OVO, prote1ns
synthes1zed 1n these cells hay also 1nfluence,morp€ogenes1s
in other txssues if the protezns are secreted 1nto the
v1tell1ne 01rcu1at1on and transported through the serumn
.. The EEC 1n the area opaca of . the chick embryo |
*
changes at dxfferent stages of development (Young et al

J1980° Young and Kleln, 1983) Serum protexn prof1les vere

f‘or1g1na11y stud1ed by analyz1ng serum obtalned by dlrect

‘f:;sampl1ng of blood (Weller and Schechtman, 1962 Weller,

| *Bowden, 1974) In these stud1es, embryos 1ncubated for at

1966a' 1966b-- 1975, Gxtlm and Kltzes, 1967 Weller and

93
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- least 5 days were used because the1r c1rculatory structures

P )
\ i

were well developed and acce551ble to experxmental

man1pu1at1on. Kram and Kle1n (1976) obServed that explanted
fch1ck embryos ma1nta1ned in culture synthes1zed and secretedl‘ N
’v serum protelns 1nto the med1um ThlS technxque allowed for‘
analys1s of serum. prote1n synthes1s in chick embryos prxor
 to the format1on of a functlonal c1rculatory system, ‘
'Nevertheless much of th1s work focused on ‘embryos 1ncLbated‘
for at least 3 days (Kram and Kleln, 1976; Young et al -
1980; Young'anduKle1n, 1983) in the study reported here,_
the d1fferent1al d1ssoc1at1on technlque developed by M1los'
et al (1979) was ut111zed to obta1n a pure populatzon of EEC
from pr1m1t1ve streak stage embryos. Serum protezn synthesxsf
was analyzed in aggregates produced from these cells over a ,m,'
" 30h culture per1od ﬁ.; | | |
~The irst approach used in this study was to determ1ne
vhether Of not serum prote1ns could be detected in extracts

‘ t,
prepared from EEC aggregates. Presumab‘

’ these aggregates f
contaln newly synthe51zed secretory p otelns, proteins \

1nvolved 1n the malntenance “of cellular metabollsm and

- ~

hvdprote1ns taken ‘up by EEC from the/putrlent source for e1ther: ‘\
ddegradat1on, storage or secret1o . Because EEC aggregates-*'
.were cultured 1n med1um wh1ch.c nta1ned ‘no macromolecules,tit

E any protelns whlch fall 1nto “he latter category would have .c*“
" o be present 1n EEC at the‘ 1me of d1ssoc1at10n._The

o prote1ns 1n the med1um of he cultured aggregates represent'




Y ;95 -

reserves, 1nc1ud1ng stored‘yolk prote1ns or prote1ns that
are Eynthes1zed then secreted by EEC aggregates durxng the
culture interval Rad1olabelled am1no ac1ds were 1ntroduced

"into the cuLture medlum to determlne wh1ch of‘those prote1ns -ﬁ

EEC extracts and culture medxum we;e synthes1zed by cells

—
o Il

v'du r1ng the course of the experlment 'l‘ L |
In th1s study, two IgG molecules (IgG, and 1gG2) were
detected 1n the" culture medzum and 1n EEC extracts (Frgures
7 and 8) IgG is present in the llvetln fract1on of yolk oy
(W1111a , 1962a) and it 1s transpbrted across the EEC’ 1n: |
the yolk sac to confer pa551ve 1mmun1ty to the developlng
ch1ck (Kowaléayk et al, 1985) Prev1ous studles have-shown
that there are at least two subpgpulatxons of IgG in the ;
iyolk of the chlcken oocyte which dlffer in the1r | -
‘suscept1b111ty to d1gest10n by the enzyme papaln (Loeken and
Roth, 1983). L1nden and Roth (1978) showed that Exogenous .
"IgG b1nds d1rectly to receptor molecules on. the chrck yolk |
sac and proposed tﬁat IgG is transported 1ntact across the

t.

:yolk sac endoderm v1a receptor medlated endocyt051s. IgG '

'b1nd1ng and uptake has been demonstrated in cultures of
‘d ;ch1ck EEC and the process 1s 51m11ar tp that whlch takes
:',;place In,ovo (Re1nhold et al ’534 Donaldson et al% 1985)

| The f1nd1ngs réported here show that IgG, and Ing are
:flf;present 1n EEC at the tlme of d1ssoc1at1on (F1gure 7 lane Sl
75$TB) Theseﬁmolecules are lxkely transported 1nto EElerom :d

5gfffyolk prxor to dlssoc1atlon. Under culture cond1t1ons, they

4

‘bffgradually d1ssappear from EEC (lanes C D and E) These i:hrfﬁ
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'molecules may be released into . the culture med1um where_they,
:were dgtected at every t1me 1nterval stud1ed (F1gure.8) & J
‘IgF, and/or Ing may be synthes1zed by EEC aggregates ;nd

‘ then released but no synthes1s was dftected 1n”£luorography

b
ustudles and there are. no prevxous reports of IgG synthesxs

S

‘1W early chlck“embryos. Contamxnat1ng yolk may account for

11 .-
. -, " a

‘the presence of some IgG observed in the culture med1um but

embryos and qplls were washed extensxvely to reduce thzs

o & Foo,
problem. The med1um 'used to wash freshly dlSS c1ated’EEC ;sp

1analyzed and a relatlvely small amount of . was detected

'_'1n thxs sample (Figure 8 lane‘B) These protelns were

"‘selther rapxdly released from EEC dur1ng\the wash 1nterval or

'they represent prote1ns der1ved from yolk contam1nant. Based

)

» on the sta1n1ng 1nten51ty of bands,‘more IgG, and IgG, were
’detected 1n medlum durlng tpg culture 1ntervals studled
(Flgure 8 lanes—E\ _Dand E) than in the medlum used to washdi
freShly dlssoc1ated EEC (lane B) 1nd1cat1ng that at least
' some. IgG was released from EEC. Kowalczyk et al (1985) |

. g

propose that the bulk of IgG 1nWyolk may be ut111zed by EEC

g
as a nutr;ent and degraded because only a small fractxon of”

the IgG present in yolk 1s detected 1n embryon1c wfrhf: '*f}r”
c1rculat1on.fTh1s could also.account for the gbserved ':‘” .
depletlon of IgG, and Ing 1n EEC extracts._j';]:‘fgf\, h
g TranSierrxn is synthesxzed and secreted by EEC (Young-if‘fﬂ
et al 1980 Young and Kle;n,.1983) but 1t 1s also presentinl‘
‘in the 11vet1n fract1on of yolk (W1111ams, 49623). In th1si?;ljf

study, four transferr1n molecules T,, Tz, T, and T. were

Al L
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| detected in extracts prepared‘from freshly dissociated EEC
and all\et these proteins dissappeared from the aggregates
Quer the culture 1ntervals studxed here (Flgure 7 lanes B,
C, D and E). All four transferrlns were detgftegvxn the
culture medium over the same time interval (Figure 8, lanes
C, D and EB and T,, Tz and T, were detected in the medxum
used to wash freshly dissociated EEC (lane B). As described
for 1gG, these proteins may+be rapidly released from EEC or
they may be present in residual yolk contaminanp. Based on
staining. intensity, T, increasdd in concentration in the

[

‘medium over time. Fluorography results showed that T, was

\

the only transferrin molecule synthesized and released into

the medium by EEC aggregates (Figures 9a and 11).

In the rat embryo, transferrin is transferred intact

ey

across the yolk sac (Huxam and Beck, 1984). It is possible
that some yolk derived transferrin was present in EEC at the
time of dissociaEion and then released by aggregates into

the culture medium. At the same tfme, T, was synthesized and
-~ : M S
secreted by aggregates sometime after 6h in culture leading

to an increase in the relative concentration of T, in the

medium. Williams (1962b) reported that yolk transferrin and
. . . '[\ . - . »

chick serum transferrin have identxj?A{amlno acid seqguences

but different carbohydrate moieties. These‘molecules could,
. .

in principle, interact with different transferrin receptors

and therefore play unique roles in the embryo. Because T,
o "‘
synthesis is initiated between 6h and 18h in culture it may"

F

be a“stage specific protein. It is a majofAcomponent of
. K \

-
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embryonic serum and may be important in tiséues distant from
the EEC in the yolk sac. Asspréviously mentioned,‘sbi};l
neurons and primitive embryonic erythrocytes ;ynthesize
‘transferriq receptoré (Markelonis et al, 1985; Schmidt et
al, 1986). In addition, transferrin is réqﬁired by embryonic
chick neurons grown in culture at a specific'time period
(Aiienman'et al, 1986) ané it also has myotropic effects on
chick embryo skéletal muscle (Oh and Markelonis, 1980;

1982). ‘ - ‘ —

| The role of transéerrin‘in cultured EEC aggregates is
unc'lear but it may be sxnthesjzed by these cells beéause
they are alr;ady committed to.transferrin synthesis at the
time of dissociation. Zagris (1985) showed that
erythroblasts from blood islands of prestreak embrios
synthesized hemoglobin even when the porpholvgical
development of explanted embryos was inhibifzd by culturing
them ventral side down on vitelline membranes. This author
suggested that the erythroslasts were committed to
diffgrentiatiqp at the time of explantation; Indeed,
specific cell types can be remaved from the e;bryo and their
phenotypic developmené under culture conditions can be
assessed to determine whéfhér or not these cells are
committed t; certain differentiatioﬁ pathways in the absence
of a normal embryonicvenvirdnméht.'This approach has been

' used by a number of workers to study committment in

vertebrate neural ¢rest cells (reviewed by Weston, 1986)ﬁ
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The synthesis of « globulins 'a' and 'b' has been

reported for the area opaca of chick embryos at,the‘
primitive streak stage (Kram and K1ein, 1976). In the
present study, the synthesis of these « giobulihs
(551000—62,000‘Mw; single broad band) was not det;cted.'
Serum protein 7 (66,500 MW) was pufatively identified here
as the pair of proteins that Kram. and Klein refer to as a
globulins 'a' and 'b'. The rationale for this was that it
was. the only un{éentified protein band detected in 4 day
serum close to the molecularvweight reportea by these N
workers for « globulins 'a' and 'b'. A doﬁblet w?ich ‘
comigrated with this protein vas detectéd in EEC extractsJ‘
(Figure 7). Ié appeared to increase in conceﬁtrétion over
the time interval étudied, suggésting that it may be
synthesized by EEC aggregates. A dark stéining Sand which’
comigrated with serum protein 7 was also detected in culture
?edium at all time intervals (Figure 8).

Nevertheless, it is possible that serum protein 7 does
not correspond to a globulins 'a' and 'b'. Altefnatively,
these prépeins may be synthesized in amounts which are not’
detectabie by the methods used hére. It is also possible
t?at the synthesis of these proteihs by EEC ceases under the
culture éonditions_used hg;g.‘Young and Klein (1983)

_——_—'reported that EEC from the area vitellina 6f 3 day old chick
embé&os étop sydtheSizing « globuiins 'a' and 'b' after one
day in culture. This is in contrast to the pattérn of

‘synthesis reported for thgfe proteins in -embryos incubated -

+

T
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in ovo (Sanders and Klein,‘1977). Young and Klein (1983)
suggest that some factor or factors arehreduifed for a
globulln synthe51s which may be absent under the culture
conditions used here.

The « globulins 'a"andi'b' are embryo specific
‘proteins which are not present in_adult serum (Kram and
Klein, 1976). In the chick, a« globulin 'a' corresponds to
mam&alian « fetoprotein (AfP)‘(Young et al, 1980); chick AFP
isva glycbproteinjaﬁd recent reports have estimated the
molecqlar'weight tolﬁe 71,006 (1do an Matsumo, 19825.
Altﬁough its role inldevelopment is unclear, the observation
that AFP reappears‘in adults with certain types of cancer
suggests that it is involved in the induction of cell
proliferation (Hirai, 1982). EEC proliferate fn ovo |
(Bellairs, 1963) but not in vitro (Young and Klein, 1983).
If AFP is required for cell proliferation then EEC may stop ”
dividing in culture because « globulin 'a'’ synthesis'steps
under céiture conditions. Further studies on EEC aggregates
‘usihg modified labelling protocols and.increased\éxposure
time.fof X-ray filps ﬁay determine whether or netfthese
. proteins are synthesized It would be interesting to
investigate some of the factors whlch may influence «
globulin synthes1s 1n culture, such as the presence of other
cell types. ‘

Serum proteln 11‘(38 600 MW) was presentlln large

amounts in EEC at the tlme of" dlssocxat1on (Flgure 7, lane

B) but was depleted from cells over the t1me interval

*
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studied here (lenes‘C{lp and‘é). It was'%etected'in culture
medium at all time intervals (Ficure 8) and was apparently

‘synthesizeddby EEC aggregates which were‘subﬁected to a

relatively long labelling period_(24h;'Fi§ures 9a and 9b).

The synthesis of serum protein 11,was not observed in —_

temporal stndies where a shorter 6h labelling period was

used (Figures 10 and 11) This observetion'lends support to

earlier suggestxons that some prote1ns may be synthe51zed in

amounts which were not.detected in th1s study. Because such

a iarge amount of serum.protein 11 is presentein aogregates
. prepared from freshly dissociated EEC, it may be stored in

EEC prior to dlssocxatxon and then released into the medium

where large amounts wtre also detected\at all t1me intervals

-studied (F1gure 8). It is possible ‘that EEC also synthesxze

small amounts of thxs same prote1n or small amounts of a
different prote1n with the same approxxmate molecular
we1ght. Two d1mens1onal PAGE studies may help to d1st1ngu1sh
between these two posszb111t1es. ' .
Apol1poprote1ns are molecules involved in lipid .
transport whlch are synthesxzed by the endoderm in mammal1an
yolk sacs (shi and Heath 1984 Shi et al 1985) . These -
proteins have been detected in. ‘the serum of rat (Wu and
;ﬁalndmeuller, 1979) and‘mouse (LeBoeuf et al, 1983). Various’
apolzpoprote1n§‘have'been reportedmyith‘a5molecubar/we{ght‘v
range of 28, OOO‘to 46,000 (Bieseigel and Utermenn, 1979-

zannis et al 1982; Shi et al, 1985) . Because the synthe51s

of serum prote1n 1 was detected here and 1t 1s in the same‘
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molecular welght range reported for mammal1an RN

o !

apol1poprote1ns, 1t may represent a prevxously undescrlbed

~~chick embryo apollpoprotexn.

A

Prealbumin was detected in this study'as a very faint
band in" EEC extraots (Figure 7) and based on staxnlng
intensit}, the. concentratlon of prealbumxn in the: culture
medium 1ncreased over the time 1nterual studied (F1gure 8)
Fluorographyeresults’show that prealhumxn is synthesized and
released‘intofthe d%ltUre medium‘at all time»intervals .
stud1ed (Flgure\9a, 9b and 11). ThisiobservatiOn is
cons1stent w;th prev1ous reports (Kram and Kleln, 1976;
Young et al, 1980; Young and Kle1n 1983). In humans,
prealbum1n is involved in thyroxlne transport (Blake and

- Oatley, 1977) and v1tam1n A transport (Sm1th and Goodman,
1979) The role of prealbum1n in development is unclear but:
antzbodzes agalnst human embryonlc prealbum1n sta1n various
human cancer cell lxneS'(Page et al, 1985) indicating 1t may
play a role in cell proliferation. | . ~

| Serum proteln_14 is synthes;zed and secrifed by EEC *;
(Figure 9b). It may also be present in other gels but |
because it usually mlgrates at or near the dye front, thxs
cannot be determ1ned by the methoés used here. Th1s proteln
~may represent a soluble endogenous 1ect1n prev1ously

Ll

de5cr1bed by Cook et al (1979). This %%ftln has L | ‘

B- D—galactose bzndxng act1J\ty and it has an: approxlmate ‘”jhg-ff
o

molecular we1ght of 11, 000 (Za11k et al, 1983). Under rotary y o

culture condatzons, the aggregat1on§of EEC 1s 1nh1b1ted by

N
&
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adshtlon of extracted endogenous lectin (M1los and’ Zalxk,,t.
1982) These authors proposé\that th1s molecule promotes

cell detachment at high concentratlons. Lect1n act1v1ty has -

also been detected in the flu1d fllled cavities of o

\

‘aggregates and it has been suggested that it plays a. role in

y

" cell rearrangement and cav1ty formatlon (M1los et al 1985);

'The source of . thxs lectin act1v1ty is unknown but 11ttle

lectin act1v1ty has beeh detected in preparatxons of yolk‘
x ) ’-.‘
from the subgerm1na1 cavity (Cook et al, 1979) It is _ .

uposslble that EEC aggregates synthes1ze and secrete lectin

during cav1ty formatlon. At least some of the prote1ns
synthes1zed by EEC aggregates are released into cav1t1es as
shown by s1lver gralns in autoradlograms (Flgure 12)
Although further exper1ments are necessary to determ1ne

s

whether serum protein 14 represents the endogenous soluble

| lect1n descrzbed by Cook et al (1979), af$1n1ty pur1f1ed

antxbody aga1nst this 1ect1n b1nds to EEC 1n sectxons of
1pr1m1t1ve streak stage embryos -(S.E. Zalxk personal
commun1catron) ‘ gv" o |

Other protelns vere detected ;n EEC extracts and

,culture med1um whzch_d1d not com1grate w1th protelns in 4_ﬁa

'y

" day serum. SOme of these prote1ns may represent nutrlent

',;reserves stored 1n EEC pr1or to d1ssoc1atzon. Preveous—

o

jffs:ze when aggregates are cultured for 24h and that some yolk‘\“*".

is- extruded 1nto the culture med1um by cells at the

.j‘“-perlphery of aggregates (M1los et al, 1934) The C“lt“"e



N

r, i ' . . » ' . .{?,l ' ' . ) '. e “.1‘
,"medlum may therefore conta1n some yolk derlved prote1ns“ \

‘wh1ch are releas d: trom EEC. Some of the protexns observed

in EEC extracts 1ch did not com1grate w1th serum prote1ns

' were synthesxzed by these cells (Flgure 9a, lane A, Fzgure
10) Because none of these prote1ns were secreted into the
culture medlum (Fxgure 11) they lzkely represent e

‘1ntracellular protexns 1nvolved in the malntenance of:

'csllular metabollsm. They could also represent structuralmg
proteins whxch were not tlghtly bound to mefMbrane and
‘therefore not removed by ultracentr1fugatlon.>None of these‘
protelns have been 1dendlf1ed at thas time. v ‘ t%

Thls 1nvest1 atlon has shown that serun prote1ns are'
“75yntheszzed and é%creted by EEC aggregates in culture. These
aggregates also undergo morpholog1cal changes durlng

Cav1tat10n wh1ch resemble those wh1ch take In ovo as the EEC

f spread to surround the yolk (MllOS et al 1979'»1984) When

'ch1ck embryos w1th 1ntact areae opacae~are cultured on

medxum conta1n1ng radlolabelled ovalbumln, label is detectedu

in newly synthes1zed proteln throughout the embryo (Hassel
~and Kle1n, 1971) In the study-reported here ovalbumxn was:
detected 1n ‘the med1um used to wash uncultured EEC (F1gure

8 lane B) but not in 6h 18h or 30h culture medxum (lanes

C, D and E) Ovalbum1n was not detected in EEC extractsl
(F1gure 7). suggest;ng that 1t was ut111zed by EEC asé

| nutrlent prote1n as reported for ;ntact areae opacae (Hassel

and Klein, 1971) The EEC aggregates used in thxs study

' exh1b1t features whxch resemble those descrxbed for EEC 1n
'“*'w . . A
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the 1ntact embryo and 1t 1s l1kely that the pattern of serum
| y prote1n synthes1s and secretzon in cultured aggregates is
| ‘s1mxlar to that wh1ch takes place In ovo.
<y

" ‘ ther embryon1c systems, 1nvestxgators have tr1ed to.
v \)/Q o

. 'correlate the patterns of protexn synthe51s in embryos w1th
bpart1cular moqphogenetlc events. Summers et al (1986) |
ide t1f1ed 3 morphogenet1c per1ods in Drosophfla development
whﬁch coxnc1de w1th rapld changes 1n protein synthesxs, both S
| b“qualztat1Ve and quant1tat1ve. Lovell Badge et al (1985)
hf “detected stage Lpec1f1c and tlssue spetlflc protelns 1n the
- chxck embryo and identified one: of these: prote1ns as a
’lpotential'marker of mesodermal cellxdifferentiation. Similar»
apprbaches have been used to analyze sea urchln‘ e
- embryogenes1s (Bedard and Brandhorst, 1983) and the
‘;processes of mEIOtIC maturatlon (Schulz and Wasserman, 1977)
~and germ1nal vesicle breakdown (Rlchter and McGaughey, 1983)
ﬂft in the mammallan oocyte. o ‘\['v 3‘ o -
By study1ng temporal changes 1n prote1n synthes1s,
~i€ - stage specxfzc molecuﬂes can be 1dent1f1ed wh;ch may be
‘fggsoc;ated w1th morphogenet1c processes occurr1ng at ‘that
‘ypart1cular stage.‘Once putatlve ‘markers. of dlfferent1at1on \;,‘

-

o and embryogene51s are 1dent1f1ed these molecules can be “!\

o e
_-1solated and further experlments can be des1gned to test
ilthe1r effects on var1ous cell types at dszerent stages of U

"twdevelopment M1los et al (1982) have used pur1f1ed *71'”5!f"»ﬁ{°

”endogenous ch1ck lectln to study the role thzs molecule n‘l'\

plays 1n cav1tatlon— By 1solat1ng 1nd1v1dual serum prote1n5-‘ ';;\?

“
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and test1ﬂg thelr effects on d1ff

'ent tzssues In vltro,'the
spec1f1c,role they play in embryogéh sis y eventually be-

elucxdated
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