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The yolk sac 1s an extraenbryonic ndmbrane nhich ds fonmed at day |
9 5 of gastation and ls presant untiltpirth ' Although the structure and
.' : function of the yolk. sac during gestation hava been studied. there 1s
C very little biochemical information avatlable. I have investigated the
dynamics of synthesis of various nacromolecular species in the yolk sac
during the latter half.of gestation (dqy 11.5 tg 18.5).
| Ih "y initial studies. the synthesis of DNA, RNA and protein were

AN

an shoun to decline drastically during this period.  These changes were ‘
accompanied by-a reduction in growth and deterioration Jin structure near
birth (83). These biochemical changes are; consistent with the f
~ hypothesis that the yolk sac is undergoing tissue senescence (l95) f
Chaqges in the synthesis(of individual proteins were analyzed using
SDS and tuo dimensional polyacrylamide ge] electrophdresis During the
dedline in total protein synthesis. most proteins retained the same
relative rates-of synthesis. Houever, four proteins showed: an increase .
in.relative synthesis and- constituted the major fraction of thé protein . )
synthesis at day 16.5. These four proteins also proved to be the main
proteins secreted by the yolk sac and tuo of theé secreted proteins- uere
found in the amniotic fluid The selective synthesis and secretion

of these,proteins is - thought to be an exauple of coordinate gene
expressibn. 'i;fje' oLl S ' .
T the oo, mati proteins synthesized and secneted at day 16.5 were
B mntifiaa as alphafetoprotein (AFP) and/transferrin (re). Qﬁantitative
| anliysis of AFP synthesis hy idﬁunoprecipitation showed that the relative //’

rate ofﬁ’i’ synthesis increased fM 3$at day 9. S to 221 at day ls 5,

VA
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m then decreased.. 'Lhis change correlates. with the relative- propertion
‘of AFP ‘MRNA during this period of gestatiop.

‘ ‘In my 1n1t1al. exoeriments Jdesignéd to study tﬁe 'stability of AFP '
mRNA I used the inhibitor of transcription. a-amanitin.  These studies

' fﬂ‘lcated that AFP MRNA and the mRNA's of several other proteins wére very

stable.: Further analysis using pulse and chase conditions revealed

that the AFP mRNA 1s 10 thnes more stable than the ‘total poly (a)* RNA. This

could be an underlying mechanism 1f reg\nating the re1at1ve amount of

AFP mRNA in the yolk sac during gestation. :

AFP was the major secrétory protein constitating about 50‘% of. the '

- total protein secreted from day 11.5 unt1l birth. "The electrophoretic

"and tsoelectric species of AFP change during gestation, apparently due to

the fncreased addition of sialic acid. The 1nh1hjtion of N-linked
glycosylation by tunicamycin did not affect AFP sécretion, indicating that

. this type of glycosylatﬂm is not required for secretion. The yolk sac

_ would be a good s_ystem to- study factors that may be 1nvo'lved in the .
synthes'ls. secretion. and modification of AFP

'systeln wfth wh‘lch 1p study the mefabol'ic events for functional

—

The yo'lk sac from day 11. 5 to day 18. 5 therefore represents

: spe_c‘la.Hzat_ion and tissue senescence. ’

'''''
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CHAPTER I
rm_ooucnon

The mechanisms of cell differentiation during embryonic development
are of great biological and medical interest. To understand the
attainment of ‘structure and function by various embryonic tissues. the
biochemical events and their changes during gestation must be. studied.
The molecular mechanisms which'contrOI these biochemiCal events must
“ then be exaM?ned to obtain an 1nsight into the differentiation process

In this work, I have investigated gene expression and
possible control mechanisms in the mouse yolk sac- during the last half
of gestation. Particular empfiasis has been placed on the expression )
of the a]phafetoprote1n (AFP) gene, since AFP is the major protein
synthesized by the yolk sac (241). ‘ .

A. Biolggy of the Yolk Sac .
1. structure - % = )
Dur1ng the gestational period of day 11.5 to 18 5, the mouse

" fetus is sbrrounded by three membranes (Fig 1) The outer membrane :

‘ 1s the parieta] yolk sac which ruptures by day 13. 5 and retracts

to the placenta] cap. The visceral yolk sac 1s_situated between
the,oarieta1-yolk sac and.the amnion which‘is‘the membrane nearest |
'the fetus The visceral yolk s;c is continuous with the chorio- -

' a11anto}c placenta, forming a- complete sac around the fetus from

day-ib 5 of gestation to birth Two unique features of the'yolk.saC'

,r ep . o B ]

-
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. are the presence of a Targe mlber of yitellin vessels which carry
fegl blnnd_(242) and the ridges surreunding the site of yolk- sac-
placenta attachment (195) The yolk sacs of rats and mice seem to be

_tdentical as far as structure bnd function aresconcerned and
!nfemtion gleaned from either wﬂ'l be discussed Mthout referring to |
'the species. L S ‘ ’

The morphology and ultrestructure of the yolk sac. have been weU
 studied (Flg. 2) (36, 116, 153, 182,-242).  The yolk sac is composed
of three ce'l'lular leyers separated by two' basement menbranes (Fig 2)
_Th viscera'l endoderm cells 1n1t1al'ly face the parietal yotk sac and

- chn after the parietal yolk sac ruptures the uterine lwnen These

cens ‘rest upon the V‘Isceral basement menbrane which separates these

-cells frum the mesodenm ly derived ceHs underneath. The _
mesotheliun fs'a thin Tayer. of cells which borders the amniotic cavity '

o fd rests on the serosa] basement membrane Between the two basement

L ;_nes are the mesenchymal Ce'lls which 1nclude the vitelline- vessels:
"'"“ ct ‘_e‘l.'"studies of the yolk sac have concentrated mainly
ce"s (36, 116, 153 182) Figure 2.‘descr1bes 'many of |
' of tnese ce'l'ls. They are simple columnar cells.

rous microvﬂli which vary in length |

»"ndiﬂ In the region between these .

‘ ':!ust below the cel'l surface :rhfls. |
cena'ls has been ca'lled ‘the - | |
, 'esicular system" (36) This '

§ ﬁm'fm" tn prutein absorpt'lon



Yolk Sac Cavity-Usarine Lumen

‘:Figqre 2. 'S‘emi's‘chematic' drawing of a‘ segment;ef rodent”\iisceral yolk
- sac. The fine structure features 1llustrated are typical
‘ of the yolk sac .during the last third of gestation fn these
species. Abbreviations' AV. apit:a] absorptive vacuole;
| .D.-desmsome,. EC, endocytotic channel ICS, intercellular ’
- space.‘ ‘Mac, mcrophage, Hes,)mesothelim. SBM, serosal’
basement membrane; TJ, tight junction; TV, apica'l tubulo-
5 *ves‘lcular syst%ll,- vBM, .visceral basement membrane.’
Approximate sca‘le as indicated (36)

\
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and fs'thoqght to be intimately involved in pinocytosis. The nuclei
in these cells are found bas‘]ly as are the E.R. and Golgi apparatus.
Lipid and glycogen storage granules are also found in.the lower region
of the cell. Tight juqctions between the lateral ‘edges of the endoderm
cells near the suter edge of the yolk sac form an impenetrable barrier
between the intercellular space and the hterine’lumeh (36).' Desmdsomes.
which are thought to join csll membranes together, are found along the\
lower, lateralkregions between endodermal cells: Iq this region the
"cell membranes are twisted and the intercellular fegion is much
larger than near the outer edge. These spaces coptain a granular
" material which is opticelly similar to materfal in the Golgi
‘apparatus (116). J |

"Tﬁe endoderm cells it on the Qisceral basement membrane which
contains collagen and possiblyiaminoglycahs (5, 242). , Un&erneath this
Tayer is the mesenchymai layer which is mostly connective tissuéland_
céntgins the vitelline vessels; .'Ths'inter-basement membrane region |
also contains collagen fipers and macrobhages. The serosal basement
vmembrane constftutes the inner 5qbstratum layer. Differences in the *
- structural components of the two basement membranes have been shown,
a]though this does not preclude similar function (5 242)

The inner cellular layer bordering the amniotic fluid consists of

'a simple layer of squamous cells derived from the mesoderm. These

"_ce11s have not been wel] studied but do not have any unique structural

features that'suggest anything other than a structural function.



2. Development of the Yolk Sac

Formation of the yolk sac is a dynamic process which is intimately
linked with the development of the embryo. The gestational perdod of
the mouse is usually 20 to 21 days. Fertilization of the ovum usually
_takes place between midnight and 2:00 a.m. ‘and successful mating s
shown by the presence of a vaginal plug the morning after (171). The
morning of the appearance of the vagina] plug 1s denoted as day 0.5 of
gestation. '

The early events of embryogenesis are described in detai} by
R. Rugh and Snejll.gad Stevens (1714193). To briefly d®Weribe these
events, the newly fertilized ovum goes through a number of cell
divisions as it hoves from the upper end of the gviduct to the uterus.
By day 3.5 a clump of 16-32 cells called a morula is formed. At this
.stage all the cellshibpear to be identical. During the next several
days, a cavity forms inside this group of cells and the b]astocyst is
, formed ~ The cells around the outside undergo the first visible,
differentiative step to form the trophectoderm (170). The cells on the
inside are called the inner ge]] mass(ICM). On dgy 4.5-5.0, the
blastocyst 1up1§§fs into the dtehine wall. During this process, the
| ,:layer of ICM cells that face the blastocoet}éf;;;;zy\Yndergo the second
-infferentiative step to form the primitive endoderm (170). The
primiiive endoderm give# rise to the endoderm layer of both the parietal
and visceral yolk sacs (53, 57, 66). From day 5 to 7 the inner cell
Mass grous into the blastocoelic cavity forming the egg cylinder an,
- 193, 170. 124)

a
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The egg cylinder can be divided into the embryonic portion which
will eventually form the fetus and the extraembryonic portion which will
form the placenta and other fetal membranes. From day 7-8, the mesoderm
and definitive endoderm layers appear within the primitive ‘streak regfon
of the embryonic ectoderm. The mesoderm grows formfng.a layer betﬁeen
th primitive endoderm and the ectoderm and eventually reaches up to
the extraembryonic region where 1t takes part in tissue formation
(66, 89, 90, 124. 193).“ From day 9 until birth, organogenesis takes
place and the embryo is now called the fetusi

By day 10, tﬁe yolk sac has become a separate tissue (52). At
this stage, the viteiline vessels are élre?Qy present. The development
of this vascular sydtem begins at day 8 when the blood islands are
formed in the newly differentiated mesoderm (193, 131). The enéqthelial
cells differentiate from the mesoderm to form the initial fetal blood
vessels (vitel]iné vessel;). fhe embryoriic blood cells'agpear in the
blood isiands at this time. These4blood cells are unique fn that they
retain their nucleus throughout thefr 1ife span, although it appears to
be inactive (131). They are present in the circulatory system until
about day 12 and 13, during which time they synthesize the fetal
globins a, X, Y, and Z (131,18). Moore and Metcalf bea;ieve that the
yolk sac is the site of formation of the myeloid and hemopoetic cell
precursofs which evéntuaily populate the adult tissues (bone marrow,
thymus and spleenf‘(i39)- kécently it has béén shdwn'that a §et of
immature T cells 1s.present at dayla and that they disappear by day'l7;d :
at which time the spleen and thymus contain such cells (38).



To summarize the development of the yolk sac, the visceral endoderm
cells are formed from the primitive éndoderm cells _v)m:h differentifite
quite early during embryo development. The mesoderw portions of the
yolk sac form much later and eventually give rise to the mmcw.
mesothelium and the blood islands. During the organogenesis stagés
(day 9.5 to birth), the yolk sac does not appear to undergo any further
morphological changes. However,as will be shown in Chapter I1I, changes

in metabolism take place during this period. o

3. Function of the Yolk Sac \

The yolk sac is important for the normal development of the fetds
(157, 166).  Since the yolk sac surrounds the fetus during its |
development, it determines, to .some extent, the __envirormﬂt within which
the fetus developsl. It also acts as a ba_rrief between mother and fetus.

The,fe_tus {s su#pended in the amniotic fluid which is believed to
~.act as a shock absorber protecting the fetus from mechanical injury |
(157) Furthemne. the yolk sac appears to protect the fetus from
| toxic cowpounds present in the mother »(240), by providing an
impermeable surface fomed by the tight junctions between the endodemaT
'cells (36)..  These cells appear to be very absorptive but also c,ontainvf
mny degradative enzymes, so few compounds are moved across this cell
layer intact (195, 190, 237) The yolk sac also accumylates toxic
materiats: 0. 9. trypan blue, in its apical portion and does not
‘appanntly transport them to the fetus (182)

- The absorptfon of uteml conpounds by the yolk sac has been well
. docuented and two lmmnt ‘functions uave been suggested (153, 157,
~23). The absorptim of proMns. Hms aud otwmemI mlecules
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taﬁ’? place and tllcse are thm chgraded in the lysosoms (237) or stored ‘
in vacunles‘ (203) Tbou are eventuﬂly reloased into the vitolline U
vessols and used 1w1 mubolism. Uitrastructural studies of the
endoderm ceMs show that 11pid and _glycogen gnnu'los accumulate in the
‘basal.end of tlg con (195) The stonge of such ‘energy r1ch
compounds suggests that the yolk sac is behavihg ﬂl a similar fashion to
.the liver in the adult. ] . '

" The transfer of passive 1mun1ty_from mother to fetus is the second
major function associated with active absorption by the endoderm cells |
(29). The transfer of IMmunity to the fetus is very important for the
survival of the.anim'l after birth., Maternal antibodies are found in

| the %etak,sem and are transferréd preferentially when compared to
other mtemhl proteins (8, 236). The ?o‘lk sac is belfeved to be the
soie origin of such}' transfer as the,_phéénta is not able to transfer
) IgG molecules (208, 234). The selective transfer is governed bethe
 endodermal_cell lafer (234, 191). Ouring the transfer, Igé molecules )
seem to be resistant to pmteolysis’when compared to other protefns
‘ (238) The selectivity of l’gﬁ transfer has been shdmn to be due to |
r!ceptors 1n the ihvaginated: region of the endodemal cell surface SEBESE
* (56, 235). Tl}nose receptors are specific for the Fc portion of the Ig6
molecule 41, 181, 215, 216). | ‘
y The rat yolk sac has bm used by Lloyd aml co-workers as a nodel
-——systn to study ptmcytosis&&l,%l) Esmtmwwt
shows that -oleclﬂes can cnter the yolk sac tn tvn mdcs (1) 1iquid
phase. or (2) Mram bomd Mules which can bind “to the malbmne :
b are taken up m efﬂctmly«ﬂun those 1u the Hquid phase.

‘r" . .
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process of pinoqitosis Nquim mrg,y lﬁd cllciu and § ins the -

T microtubular system of the cﬂl m pimtoﬂ: of nrk mtﬂn by\ h
the yolk sac 1s s&mly fnmwm by Increased Tevel of cAW, although”

‘the phyﬁological rsason for uﬂs tﬂ'oet 1s not upderstood (31)

- '!

A gs bﬂ Wsd to um ﬂ# tmf'diffomtni vﬂ‘anSport' o

| of mwml mmns (29 zss) AH pmtﬂni" arﬁ taken up by pind-
: cytosfs. most 1n the 1 mw mse lﬂg others such ts T8 *ﬂ:h have,.

‘specific roceptor.lre bound to thn Mram. Tﬁue m}clu ;ventm Iy

form or fuse with lysosms and, the protefhs in the Hmfd
djgested. 'nn Fe receptor bound Ig8 s protected from d-gmm_

anemmve posslbﬂit.y. Suggested. by Wi1l1am and Ibbotson (238), is mt

| "; the” IgG bomgyves'lc!es do ‘not become 1nvo'lved with 'Iysosoms ﬁa an .
therefore tranSported intact, Machmislls of reuptor uadiated endocyto— _
. sis or pinocytos'ls are pnsently rcceiving a gmt deal of -
| attentftm (45. 76, 93 239). , 5' I
The meﬂnia of vesich mmt throwh&he c‘eﬂs is not weH
“hood ilhen tbese mtcl‘” mcn the basal Mnm.. thelr
'V contents are releascd 1nw the &ﬁaéelluiqr space by revem *

| .‘pinocytoﬂs (zas, 238). Owew rmmu. the pro_tetm lﬂffg;n fato the

.-v—rr
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involved in the regulation of extraembr;onic fluias.‘ The content.and
the amount of amniotic fluid are found to change during the last half of
rfgestatfon (166). The changes in the type of amniotic fluid prote1n
reflect those found in the fetal serum 24" hr previously (79, 80). This
would suggest that the majority of the proteins released by the yolk sac
enter the vitelline fluid first and then enter the amniotic fluid a]thOugh

some possible exchange may take place directly across the mesodermal

layerS'(}lﬁ). ' . .

The fmportance of the yolk sac to the normal development of the
fetus has been shown by the effects of toxic agents on the yolk sac
The ear11est example of this was the teratogenic effect of trypan blue
injected into the mother (182). The dye accumulates in the visceral '_
~ endoderm ce]]s and is believed to'cause its malforming effect by
. disruptihgtherutritiona]'functioh of the‘endoderm cell. Similar
‘ 7results have been obtained using antibody made against whole yolk sacs.
'These have been shown to cause death, growth\retardation and malfonmat1ons
and have been.shown to localize only in the endoderm cells of the visceral
 yolk sac (101, 1445. The underlying mechanism for these effects is not
understood at present. - _ _ $* |
| These results would suggest that any immune attack by the mother on
| “the yoik»sac should cause a large proportion of.stil1births or
_ malformations The visceral yolk. sac is exposed d1rectly to "the uter;ne
vcavity from day 12 to birth and iso]ated endoderm cells have been shown
to: contain H-2 and non H-2 antfgens that can be detected by an al]ogeneic
1mmune respon;e (100) R!Eent]y the~exposed surface of the endoderm layer
, has-heen.shuwn not to contain these antigens (156). ‘This may explain why

1;there'1s’no maternal response to the yolk-sac;i
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~ An 1pterest1ng feature of the yolk sac endoderm cells is that the
- maternal X chromosdmg is preferentially aétivgawhile the mesodermal cells,
as all fetal tissues, show random X 1n§ct1vation’(224, 233). Recently
it has been shown‘that'the trophoectoderm also has the maternal X active
(63). Both_the trophoectoderm and visceral endoderm arise during the |
' first,steps of embryonic differentiation and are in .intimate contéct with
“~the maternal environment during gestétion. A rglationship"between thése ("
observations has been suggested (63, 224, 233). The visceral yolk sac"v,\\
would make a useful system to“study the mechanism$ of X chromosome s
ina;t%vation.
In our laboratory, we are 1n%erested in th;fggpression of the AFP
gene and its control in the yolk sac. Early work had shown that the yolk
sac of the rat and méhse synthésize AFP (71, 241). The synfhesis of AFP
| in the mouse embryo begjns.soon after the formation of the visceral
endoderm (52). The yolk sac endoderm is be]ieQed to be responsible for
the syhthesié of serum proteins (52;244). The synthesis of_AFP and other
serum prbtgins is:believedvto'be an important function of the yo]k-séc.
B. AFP.. - S 4

! ? ) ,

1. Biology

\

AFP is é'serum protein present during‘fetal dé&e]opmenf (for reviews
see 1, 6, 88, 175, 187). After»birth sefum levels of AFP deérease
markedly and normally remajn Tow throdghout adult 11fe;‘ However serum AFP
‘becomes elevated during éeftain~patho]ogica1'conditions,‘of_which

| hebdtocartinoma and teratocarcinoma are of most interest (1).
_ AFP is synthesized in a number of different species ranging from

. “sharks to all mammals studied thus far (73,74, 30, 185). During
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mammalian fetal development, the yolk sac synthesizes AFP and other

~ serum proteihs (72, 71, 241). The human yolk sac atrophies after three

to four months gestation and ceases to Synthesize AFP (72). The Tiver

is the other major organ which synthesizes AFP. The hepatocytes derived
from the endoderm are.rgsponsib]e for the synthesis pf‘AFP as well as
albumin (4, 43). AFP is secreted by these tissues and is present in
‘high levels in the fetal serum and amniotic fluid. These high levels in
~turn lead to increased levels in the maternal serum (175, 185). This lat-
ter relationship is of clinical interest and will be discussed below.

The AFP concentratioh in édult serum is very low, e.g. human, |

5-25 ng/ml. The_normal levels vary betWeen speciés and betweén different
strains of the same species (133, 151, 162). The appearance of AFP in
aduTt serum is indicative of hepaiocarcinoﬁé (1), teratocarcinomas
containing yolk sac elements (114,.206) and non-ma]ignant.11Ver disease
(6)' o | | .
The presence of high concentrations of AFP during fetal development
‘strongly suggests that it has an 1mportént role. Murgita and Tomési

have suggested that it is involved‘in‘protecting'the immunogenic fetus
by‘iﬁhibiting the maternal immune response (141), ~ In these studies, G
AFP inhibited both humoral and cell mediated immunity as determined by

| in viiro Assay (141, 142); These experiments were done using fhe mouse
‘system and similar resu1ts'have been obtained with human AFP (120).
Howeve;, these results could not be dublicéﬁed-by S. Sell et at. (186, 189)
The reasons for these differences are\nbt clear (68, 210). *Tﬁere is no
evidehCe that AFP is 1mmuno§uppressije in vivo (64, 186, 189), indicating
tbit AﬁP may not be of physio]ogica1;1mport§nce as an ﬂnnuﬁosuppressive

. agent (68). ' | |
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The discovery that AFP can bind estrogens ery tightly suggested
another possible physiologica] function (219). Of‘ali the species tested,
only rat and mouse AFP havgwbeen shown to bind estrogens (l49,»220);

AFP binds specifically to estradiol and estrone and not to testosterone
or progesterone (13). The binding site is an intrinsic part of the
protein although changes in the carbohydrate_poftion may alter the
binding slightly (14, 194)., AFP has been récognizkd as the estradiol

" binding protein found in the braih. Severa]'investigators'have suggested
thaf it is involved in protecting the fetal brain froﬁ maternal estrogens

during sexual differentiation (12, 135, 138).

) However the fact that human AFP does..not bin estrogens suggests .
that this may not be the primary function of AFP. Ana]ySis of material
bound to human AFP revealed that it consists mainly of fatty acids
(155).  Furthermore a fatty acid fraction was also present in pig, rat
and cow AFP (91, 95, 221). Bilirubin,which usually binds to albumin
can  also bind to ﬁum&n, rat and bovine AFP (25, 91, 223)7 Analysis of
‘the fatty acid fiactioh revealed that fhe long chainipoly-unsaturated
fatty acids, especially hrachidonate;'are ‘preferred over short chain,
saturated fatty acids (35); These types of essential fatty acids are
réquire& for fetal nutrition andvespecially for development of the
nervous system. They-are élso,pfécursors of prostaglandins and may -

- therefore play anfimportant role in fetal‘dévelopment~(35, 91, 221).‘

Cémparison of the cbmponents-bound to Both albumin and AFP

.revealed that similar types of fatty acids are present but that their 4 .
affinity for AFP is higher (95, 155). This led to the proposal that AFP

'quy be acting as;a fetal albumin and one of its main functions is to
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transport hydrophobic compounds throughout the fetus (91 9s, 221).
' Analysis of this binding site on AFP and albumin showed that they are
functionally and geometrically similar (25). |

These results suggest that the binding of estrogen is'an in vitro
artifact. Furthermore, Aussel et ol. showed -that the increased levels
- of AFP found in rats treated with .carbon tetrachloride had no effect on
serum'estrogen levels (15). The fatty acid fraction has a higher |
affinity for rat AFP than dothe estrogens and this might explain why
jestrogens are not found on purified AFP (221). Notwithstanding the
effect of AFP on the sexual differentiation of the brain, the
nutritional value of the AFP bound fatty acids may be of greater
importance. The presence of AFP in the brain may also be fortuitous, as

. all major serum proteins are present . .and these may enter non- specifically

during fetal development (212).

2. Chemistry
The structure of AFP has\been/the subject of many studies (review,

~ see l75) In general AFP from different species appears to-be. very
asimilar. AFP consists of a single polypeptide chain with an attached

' carbohydrate portion. The molecular weight of AFP ranges from 69 000

“to 74 000 depending on the species. The carbohydrate portion-constitutes
approximately 4% of the moleculbr weight and consists of mannose,
galactose, N-acetylglucosamine and sialic acid. - The amino acid
comp051tions of AFPs from different species have been determined and they :

‘are simiiar The similarities between AFPS of different species are also
shown by their ability to cross react immunologically, although some

- differences have been noted betueenvrodent AFPvand other species_(146);’

i
’ i
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Since the proposal that AFP and albumin may have a similar |
physiologic role, a mparison of their structures has been made. While
the amino acid compos tionsof albumin and AFP are very similar, albumin |
does not contain any carbohydrate (175. l75) There is no immunologic
,cross reaction between these proteins in their native state; however,
antibodies to denatured albumin and AFP do cross-react (172). AFP has - *’,é
been partially sequenced and this sequence compared to albumin (160, l73)
The results indicate that there is approximately 50% homology between o
the middle: and C terminal portions of the proteins but none at all at the
N terminal end. However, as the complete sequences have not yet been
.determined, thé' true extent of the homology is not known. Furthermore,‘
: complementary DNA probes’ made to albumin and AFP mRNA's do not hybridize
'to their heterologous mRNA's (177). However, nucléotide sequence of the
3' end of the tuo mRNA's showed apprOXimately 57% homology (123).
_ hypothesis that AFP. and albumin originate from the samenancestral gene,
. : as suggested by partial sequence homology, has yet to be substantiated.
During the structural studies, it was revealed that AFP was -
:‘heterogeneous with respect to electrophoretic mobiTity and lectin
irbinaing (192). The reason for this heterogeneity has been intenSively
studied in mouse, rat and human but no definite conclusions have been '
drawn The heterogeneity exhibited by mouse AFP is probably the least
complex in that the electrophoretic variation has been found to be due to .
‘ differences in sialic acid content (80, 246) The heterogeneity with
respect to lectin binding is probably due to the different patterns of '
glycosylation by the liver and yolk sac (174) The heterogeneity of rat

",land human AFP iS5 more complex in that it has been shown to be. due Only in i
‘part to carbohydrate changes (106 121 »228). The binding of¢the/fatty’acid o
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fraction to human AFP causes changes in the isoelectric point_(155).
- The functional.differences cauSed by the heterogenettx,are-not well
. ~ ! '
understood. . .

Y3 Clinical

| An incregsed vel of AFP in adult serum is indicative of disease (6).
Screening of high rfsk populations for hepatocarcinoma or endodermal
sinus tumors-for AFP serum concentration has been proposed. An increasef-
in AFP levels occurs early'in‘thesevcancers and‘early detection of cancer
leadseto a better prognosis‘(3, 134, 187). Wide scale screening-has not
been done as the incidence of these tumors is‘low, false positives due}

' to non-malignant disease are present and not all hepatomas synthesize
AFP (5, l75) The monitoring of AFP serum levels has been found to be
useful in following the disease once it has been detected As AFP
concentration is believed to reflect tumor mass, reductions would : ‘;
indicate that treatment is destroying the tumor. Relapse of disease !
may also be detected earlier (67 102) | - |

Recently. actual tumor ‘mass. has been visualized by scintillation

: photggraphy of Bli1abetred antibodtes for AFP which bind to AFP-

..

S synthesizing tumors (107 111).
. Certain non-malignant liver disorders are associated w1th elevated

AFP levels. Chronic hepatitis and cirrhosis of the-liver show slightly
increased levels (2 82) Furthermore, elevations in serum AFP are

found in conjunction nith heredftary tyrosinemia and: ataxia telangiectasia oo

A

(22, 225) These higher levels are believed to be indicative of liver

i
L

'.v ,:Q Ng&ﬂ!l’ltﬂm. Sad
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Screening of pregnant women' S serum for increased AFP concentration
has proven to be an excellent method to monitor the health of the fetus
| (84) The serum levels of AFP are high 1n cases of open neural tube
defects. intrauterine death and congenital nephrosis (32, 84).

‘confirm that high serum AFP concentrations indicate a fetal
abnormality, the amniotic fluid should be checked for increased AFP and
for the. presence of'other markeds,of'fetal'distress (165).

Attempts have been made to treat AFP-producing tumors with
/autologqps or'heterologouS‘antibody Initial in vitro studies proved to
be successful (10, 217, 232). while studies using transplantable AFP-
producing hepatomas were not (133). The latter results showed that
serum AFP levels decreased but there was no effect on tumor growth. 'This
has been confirmed in a patient with an AFP_ producing hepatomav(lll); |

<

4. AFP GenevExpression and its Regulation
B The control of AFP. expression is interesting from two aspects: ;
(l) control of- gene expression during normal differentiation, and
i (2) aberrant gene expression during neoplastic transfonmation (4).
‘These have been studied using the mouse and rat as model systems
AFP is believed to be synthesized during fetal development by
endodermally derived cells. e.g. visceral endoderm. layer of the yolk ac
and parenchymal liver cells(4) The synthesis of AFP and its regulation
haverbeen studied most intensively in the ]iver The level of serum FP
| is dependent on the number of hepatocytes which synthesize AFP (4).
7Fetal hepatocytes that synthesize AFP also synthesize albumin, transf rrin
= and other serum proteins (75) anly albumin and transferrin are

;lsynthesized in: the adult liver. suggesting that- AEP expression is
"_selectively inhibited during ontogeny‘ ;,_jﬁg;;?;f;_.v1" o
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Several studies have suggested that the inhibition of AFP

- synthesis is cohtrolled‘by extrinsic factors. A protein factor isolated

from adult tissues, when injected into newborn mice, reduced the level
of circulating AFP (218). Similarly, glucocorticoids reduce AFP levels
in newborn rats (23). Hhatever the physiological inhibitory mechanism,

i¥is ¥ery efficienjiereducing the serum levels by 10’ in most species

184), however in sbme strains of mice, the serum leQel is very high

‘indicating a possible mutation in th; inhibitory mechanism. Genetic.
experiments_suggest that a single gene is responsible for the control of
 AFP synthesis, and,that in the normal adult it regulates and maintains

the low level of synthesis normally seen (151),

Several model systems have b ren developed to study aberrant re-

: expression of AFP during the adult stage. Liver inJury»produces

o increases in serum AFP.  Liver injury induced by partial hepatectomy or

carbon tetrachloride has been shown to increase AFP synthesis in rats
and mice (58, l84) The cells that synthesize AFP appear to be normal
hepatocytes (59). .As in the fetal liver, the cells of the'damaged
liver which synthesize AFP also produce albumin and transferrin (75).
The synthesis of AFP in these cases is associated“with‘inCreased cell
division, (59, 163, l84), and AFP is detected during G} and S phases of

the cell cycle. However, differences exist between induction by

.hepatectomy and hepatotoxin treatment. The experiments of Hatanabe
‘et al. suggest that toxin-induced AFP synthesis iS related to cell

replication while hepatectomy.induction is not (229). The conclusion

. derived from thesecexperimehts is that AFP'synthesis can be induced in
:normal hepatocytes. indicating a retrodifferentiation step by the cell to |

a more embtyonic state.
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AFP synthesis is induced in rats by certain carcinogens (227).
“ During chemically induced hepatocarcinogenesis thq{;wds an initial small,
transient increase in AFP serum concentration which # followed later by
a large increase (87). Morphological examination of the liver during this
process correlates the early rise of AFP synthesis with the appearance of
new cell types. It has been proposed that they are precursbrs of adult
hepatocytes, j.e, "oval” cells and the "transitional" cells (48, 99).
The secondary rise in AFP is due to the appearance of tumor cells (98).
| The synthesis.of AFP by dif%erent hepatoma cell lines varies from
zero to very high levels (20, 21). In these studies the level of AFP
synthesis correlated with the rate of growth, state of differentiation
and p]oidy.; An exception is the Morris 7777 fumor line which produces
Jange_quadtﬁties of AFP but is 'near diploid except for a chromosome
abnorma]ity on chromosome 7 (243). These variods tumors would also
«'provide mode] systems for the study of control of AFP expression

The expression of AFP in these various systems has been evaluated
but the mechanisms thatacontro1 the .changes in expression are poor]y
understood.” Initial {nvestigations into the regulation of AFP and
.albumjh synthesis during fetal deselopment of the mpnse}Showedvthat the
level of AFP synthesisris directly related to the amount of AFP mRNA
present (108, 109, 140, 204, 205). . Similar results have beenobtained in
studies of adult Tiver and hepatoma (40, 96, 177), -and of yolk sac
and yolk sac'tumor'(lo4) DexaMetdésone reduces the AFP levels in
: newborn rats (23) and this has now been shown to be due to a decrease in

" the level of AFP BRNA (42). These stud'les suggest that AFP synthesis
: 1s‘contrplledfat,the tfenscriptiona] rather than the translational 1eve1;
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The structure of the AFP gene is now under jnvestigation The gene

has been shown to be 8 - 10 times larger than the coding sequences -and

contains at least 11 introns (77, 137). During development and neoplastic i
‘ transformation, the gene does not undengo gross rearrangements, ;uggesting.
that transcription me; be the Key control point (178). This possibility

" has also been suggested by Innis and Miller who showed that the level of
AFPAmRNA correlated with the rote of tronscription of the AFP}gene (97).
The control of transcription is a complex problem and for control of

AFP expression, many factors remain to be elucidated.

C. Mechanismo of Control of Gene Expression

During development,the patterns of protein synthesis change in a

temporal fashion (7), presomab]y due to differential gene expression,
eventually leading to o differentiated state where certain specific |
proteins are synthesized in relat1ve1y large amounts (10, 131). _The
processes through which 1nformation encoded in the DNA is finally
expressed as protein are quite complex and include three stages:
. tranScription of the gene, processing of the RNA and translation of the
mRNA. , |

Control of gene expression during differentfation 1s believed to be

main]y at the transcrfptional level (152) Transcriptional contro1 mqy
1nvolve structural changes in DNA such as deletions, duplication, R
rearrangement and methylation.* For.instance,gross rearrangement of the
DNA has been shown to be involved during the activation of the
immunoglobulin genes (2;;;4 The DNA of active genes is often hypo—
methylated at cytosines in comparison to that of inactive genes (113. 129,
202, 222) This modffication 1s believed to take place early 1n . |

development during the determinatioﬂ*of the ce11 Tineages (222)

R
& -
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Proteins associated with DNA are believed to contfibute to the
structural integrity and differentiel expression of the. genome These
proteins can be divided into two main groups, histones and non-histones. -
Five types of histones are knouh to exist, playing priharily a-structural
role. Four of the histones are involved in the formation of nucleosomes
(136). The nucleosomes are found in both the active and 1nact1ve regions
of the chromatin The histones can be modified in several ways which may
have functional significance. For instance, the active genes are
enriched with acetyleted hisﬁones (]l.‘98. 132). The non-histone proteins,
on the othes hand, ere believe&\to ee direcsly involved in the control of |
transcriptionv(isz). They are a heterogeneous. group containing enzymes,
regulatoryland structural proteins. -They show tissue and developﬁental .
specificity (37, 207). In in vitro transcription asseys. these proeeins |
- can control the expressfon of specific genes (39, 197). The regulatory
proteins are thought to work in both a positive fashion by'promotfng the
binding of RNA polymenase to specific 1nit1etion sequences on the DNA and
in a negative fashion by inhibiting this process (24, 158, 226). The
eonfiguration of active genes is more “open"” then,that of fnactive ones .
as measured by Duase*sensitivity (230).. This sensitivity is due tojﬁwo
non-histone proteins. HMG 14 and 17 which are bouﬁd to the nuc]eosomes
of ‘active chromatin (179, 231). )

' The initial RNA transcript is much larger thaA the final form of RNA
'fbund 1n the cytoplasm " The coding sequence of the final mRNA is.

1nterspersed with non-coding sequences called 1ntrons (19 69, 180 209).

. As the RNA is synthesized. it becomes associeted uith proteins to. form a

ribonucleopwotein perticle (RNP) (159, 164) Soon efter the 1n1tiation

: of the. m maecule. the 7 "‘s cap 1s added, and when mmrspmn 1s



terminated, the poly (A) tail is attached (44, 143, 245). DNA sequences
have heen identified which are inplicated in these modifications (24, .
55, 198). These mdificetions are belieifed to be invalved in mRNA
translation’and stability. - Furthennore. the intron regions are removed
- by enzymes most 1ikely. present in the RNP and possibly with the aid of
smal) nuclear RNA's (17, 54. 119 168, 70) These modifying reac\i'ﬁ\
are belfeved to be fmportant in gene regulation in that alternative sitesﬁ
of poly (A) additfon or RMA splicing could lead to differential gene
expression (a4, 105). A possible example of the former mechanism is
" shown by the IgM system (54). | |
The mature mRNA 1is transported to the cytoplasm in.the form of a RNP

particle (164). In certain)systans, mRNA's are stored in the cytoplasm
in tiiese comnlexes until flief-'are requi‘red at a"specif‘ic point in
developaent (78, 196). The proteins boud to the RNA in the cytoplasm may
| - also play a role in stabi?izing mRNA' s.- The difi’erential stability of
' nRNA's would allow: for the accumulation of specific mRNA (126 169).
‘ §tability of mRNA's has been shown to be variablle in homonq%epd\
,chemi‘cally induced s,ystens'..suggesting that factors other than RNA
‘structure, possibly. bonnd proteins. are involved in mRNA stability (94,
127, 169). '

j | The rate of’ translation is dependent on many factors. The cap
structure ‘appears to be ilnportant for the efficient translation of mRNA
(65, 1-88) Hany protein ﬁctors are involved in the initiation ind
o e!ongation during translatton (4,7) 183). The affinity of different WRNA's

' for these factors uy lead to differem:es fn the initiation and elongation'

o of e prown uoa 125) The seqaence of tne m 1s probably involved in

o “tllese 1muctions md Mm coutd mm-‘tiy wntrol the me of
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CHAPTER II
MATERIALS AND METHODS

A.  Yolk Sac

(1) Isolation |
Swiss Nebster mice were allowed to mate overnight and the }
presence of a'vaginai plug the morning after mating indicated day 0.5
vof pregnancy. The yolk sacs were removed under aseptic conditions at
various days of gestation \The yolk sacs iwere rinsed several tiy{es in
~sterile PBS (15 mM sodium phosphate, 150 mM'NaCl,pH'7.2) and the amnion

was removed.

(2) Culture Conditions

The yolk sac explants were incubated under constant agitation in

»e
i)

Eag]e s Minimal Essent161 Medium containing non-essential amino acids,

' penic1lfin (100 units/ml) and streptomycin (100 ug/ml1) at 37°C. Details

of any modifications to the medium. and addition of radioactive isotopes

- are gjven in the appnopriate sections.

'B;fM Assay'of Macromolecules in Yolk Sac,EXplants

(1) DNA o e .
(a) 'Deternination'of total DNA: ' : :
Yolk sacs that had been cultured in Minimal Essential Medium were

lysed by three cycles. of freeze and thaw in -the prESence of 1% sodium

h deoxychol ate and Triton x-ioo The Crude Tysates were cqntrifuged

at 15, 000 xg for' 25 min and DNA was extracted f%op both the pe]lets and

o« .
v
"



Supernatants.  Pellets were dissolved n 0.5 N NaOH at 80°C for 20

min, neutralized with an equal volume of 0.5 N HC1 and precipitated wfth
10% TCA. The pret{pitates,were extracted with 95% ethanol at 65°C for
5 min, pelleted at 8,000 xg for 10 min and then hydrolyzed in 0.3 N PCA

at 70°C fer 30 min.  After.cooling on ice, the samples were centrifuged

at 8,000 xg for 10 min, and the supernatants were anelyzed for
deoxyribose content by the diphenylamine regction (33). To aséay DNA
in lysate supernatants the samples were precipitated with 10% TCA and
the precipitates were treated with 0.5 N NaOH, neutra]1zed with 0.5 N
HC1 and then precipitated with 10% TCA. These precipitates were
extracted wjth hot ethanol and the DNA was pelleted at 8,009 xg for 10

min.  The DNA was hydrolyzed and analyzed as described above.

(b) DNA synthesis
Each yo]k sac explant was minced with scissors and placed in a

ster11e 16 X 150 mm test tube along with 0 3 ml of medium supp]emented

with 102 fetal calf serum. Each tube was gassed with 5% €0, - 95% air,

sealed, and incubated for 30 min. Reactions were initiated by addition
of 2 4Ci of [6-] thymidine (2 Ci/mmole, Amersham) and terminated at
various times thereafter by the addition of 2 ml cold 5% PCA. The
resulting precipitates were ebllected by centrifugation, washed three
times with 2.0 m1 cold 5% PCA.and dissolved in 1.5 m1 NCS (Amershamf

at 37°C overnight Samples were neutratized with two drops of glacial
acetic acid and the radioactivity of the total sample was measured in

10 m1 of scintillation cocktatk (4 g of 2, S-diphenyloxazole and 50 qp of
~‘] 4 Bis-(Z-(S-phenyloxazolyl)) benzene per liter of toluene)

e
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(2)  RNA
(a) Total RNA
Thg ahount of RNA was determined by measuring the absorbance at

260 nm. 1 mg/ml of RNA has an A260 of 20.

(b) RNA‘synthesis

) The synthesis of total RNA in yolk sac explants was determined as
described for total DNA synthesis except that 2 uCi of [5-3H] uridine
(25 Ci/mmole, Amersham) was used instead of [3H] thymidine.

(c) 'Pdlse and chase experiments

To determine the conditions for the pulse and chase experiments,
yolk sac explants from day 11.5, 15.5 and 17.5. were cultured in mediur
described in section ‘A (2) containing 15 mM Hepes and 0. 25 MC1/m1 of .
[5,6- H] uridine (50 C1/mmole Amersham). At various times after
1nit1at1on of the culture, three‘yolk sacs were removed from the
culture flask, homogeniied in 3.6 ml of 10 mM Tris pH 7.4, 5 mM EDTA
with a motor driven teflon pestle-glass homogenizer and then frozen.
In chase_ekperiments, the radioactive medium was replaced after 2 hr of
incubation with l.Srvolumes (da; 11.5), 2.0 volumes (day’17.5) or3
~ volumes (day 15.5) of medium containing 5AmM uridine, 5 mM cytidine and

5mM giucosamine,, Yolk sacs were removed at various times, homogenized

as described above, and frozen. Samples were later thawed and analyzed

in triplicate for radioactive RNA by cold TCA precipitation as described

below in section B (23(d).
. For the 1solat10n of RNA during the pulse and chase, yolk sac
‘explants from day 11.5, 15.5 and 17.§3were cultured in medium described

\ _ i
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above at 2-3 yolk sacs/ml. After incubation for 4 hr, some of the yolk
sacs were removed from the medium and frozen on dry ice. The remainder
were washed once with pre-warmed chase medium, containing S'mM uridine,
5 mM cytidine and 5 mM glucosamine and incubated-in 3 volumes of

the same hedium, After the initiation of the‘chase, yolk sacs

were removed at various times and.stored frozen. The.cha§e was
terminated within 30 hr as the viability of the yolk sacs in

culture for Tonger periods is unknown. RNA was extracted from

the yolk sacs and»the radioactivity was determined as descrjbed

‘below.

[}

(d) Preparation of total radioactive RNA
Yo]k sac explants were incubated in medium described in section

A (2) containing 15 mM Hepes and 0.25 mCi/ml of [5,6-3H] uridine (56

' Ci/mmole, Amersham) af 2-3 yolk sacs/ml for 4 hr, and then they were

rqgick1ybfrqzen. The frozen yolk ;acs wére homogenized at room

temperature fn the presence of 5 volumes of SENQ(O.S%SDS, 25 mM EBTA,

75 mM NaCl pH 8.0) and 5-volumes of SEN satur{fcd phenol-1% 8-quinolinol

"uéing 15 strokes of ‘a loose dounce homogenizer. The homogenate was

chllled on ice for.30 min and centrifuged at 16,000 xg for 10 min.

The aqueous phase and the proteins at the 1nterphase were re-extracted

with’ 2.5 volumes of‘phenol‘and 2.5 volumes of chloroform-isoamyl alcoho]

(24:1) dy vortcxing’fdr 5 min.  Phase separatﬁon was reﬁeatéd as above,

the uqueous layer was made 0. 2 M with NaCl and 2 volumes of cold ethanol

were added The nucleic acids were precipitated overnight at -20°C

and the precipitate was collected by centrifugat1on at 16,000 xg for
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20 min.  The pellet was dissolved in 20 mM EDTA by heating-at 70°C for

1 to 3 min. - Three volumes of 4.0 M sodium acetate, pH 6.0, were added
and the mixture was kept on ice for 30 min. “The precipitate that

formed was collected by centrifugation at 16,000 xg for 20 min. The‘
acetate extraction was repeated twice. The final pellet was dissolved
in SEN solution, Proteinase K was added to 50 ug/ml and the solution was
incubated at 37°C for 30 min. RNA was extracted with phenol-chloroform.
and precipitated with ethanol as described above. The: RNA was collected
by centr1fugation at 16,000 xg for 20 min, dried and dissolved in ster1le
water The RNA was analyzed spectrOphotometr1cally and thelAzso/Aggo o
was usually greater than 1.8 and the A260/A230 was greater than 2.25. =
The radioactivity was determined by”precipitating a small sample of the

~ RNA solution along with 20 u1 of BSA (5 mg/ml) with cold 10% TCA. The
precipitate was cdllected on Whatman GF/A filters and washed with 10% TCA
and radioactlviﬁy on the filter was determined. 1!%;_

(e) Preparation of poly (A)+ RNA . ,

' Poly (A) RNA was prepared as described by Aviv and Leder (16). |
01igo d(T) cellulose Type 3 (COIlaborat1ve Research) was. suspended in .
b1nding buffer (0.5 M NaCl 1 mM EDTA, 10 mM_Tris pH 7.4, 0.5} SDS)
and poured ‘into a sterile 1 ml.syringe plugged‘with,sterile glass-wool.
The column uas washed with blnding buffbr; then with elution buffer
. (10 mM Tris pH 7.4, 1 mM EDTA and 0.05% SDS) andtfinally equilibrated
with binding buffer:- The semple in 1.1 mM EDTA, 11.1 mM Tris pH 7.4
and 0.58% SDS, was heated at 45°C for 5 min and -then NaCl was added
to 0.5 Hf The sample was applied to the column at a flow rate of

- 0.5 ml/min and ‘the unbound fraction was collected The column was



‘washed with anvequal volume.of binding buffer. The two unbound fractions
were pooled, reapplied to the column and the unbound fraction was re-
collected. The column was wached with binding buffer and the wash
fraction was collected. The bound fraction wa. eiuted with a small
volume (less than 1 ml) of elution buffer. The radioaotivity in.the
different fractions mas determined by the cold TCA method described in
section B (2)(d).

(f) Assay of AFP mRNA by.filter hybridization

The plasmld PAF-7 consists of 5200 base pairs of DNA of which 900
were der1ved from cDNA complementary to 42% of AFP mRNA (gift from S T.
Law, Baylor College of Medicine) (118). The plasm1d was linearizedAby

‘treatment with the restriction enzyme Eco R1. Reaction mixtures

.contained 100 mM Tris pH 7.2, 5 mM MgClz, 50 mM NaCl, 2 mM 2-mercaptoetha- 4

nol and 1-2 units of Eco RI (BRL Lyphozyme) per ug plasmid DNA and were
incubated at 37°C for 5hr. SDS and Proteinase K were added to final
concentrat1ons of 0.5% and 50 ug/ml, respectively and incubated for 40
min at 3Z°C. The DNA was extractéd once with phenol-chlbroform
(section B'(2)(d)) The aqueous phase was recovered and stored at 4°C
The 1inearized DNA preparation (250- 300 ug/ml) was denatured by a

10 fold dilution with 0.4 M NaOH followed by incubation at room
~temperature for 10 min and 4°C for 5 min and then diluted with an equal
volume of 2. 0 M ammonium acetate pH 7. 0 Approximately 100 wg of

DNA . was applied to nitrocellulose filters (Schleicher and Schuell ,
. BA 85, 0. 45 ,.m and 25 nmd'lam.) whfch had been washed ﬂ‘lth 50ml ofl 0
H ammon1um acetate pH 7.0.  The filters uere washed with 5.0 ml of l 0 N

,,

r
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___amoniun acetate, PH 7. 0 air dried for 1 hr and baked at 75°C for 4 hr,
'Filters weré gently shaken for 3 hr at room temperature in Denhardt s.
soiutibn (0.02% bovine serum albumin, 0.02% Ficoll type 400, 0.02%
poiyVinyl pyrro‘l.idone 360, 4x SSC (600 mM NaCl, 60 mM sodium citrate
PH 7.0))(49).  They were blotted and baked at 75°C for 2 hr. Small
7 mn diameter filters were punched from each filter. Each ‘small disc
‘contained about 10 ug of plasmid DNA. Control f1 lters were prepared
as described above -except that nc9MA or sonicated denatured chicken
DNA was pumped through the filter. Hybridization,reactions contained
- 100 .ul of SEH buffer\(ﬁoo mM NaCl, 3 m‘«l EDTA 10 mM Hepes pH 7. 4), \
10 ug polHA) (PrL Blochemicals), 0.1% Sos, [3H] RNA' (Section 2 (c)), .
‘1 p]asmid containing fi'lter and 1 contro] fi]ter The RNA was heated
'at 68°C. for 3 min before adding it to the hybridization solution The
hybridization solution was incubated at 66°C for 18 hr. The buffer
‘A was removed and the fiiters were washed extensively and treated with
| RNase A to remove any non-specificdly bound RNA (214) The filters- =
B were then dried and counted Net cpm bound was ca/'lculated by sub-
tracting the radioactivity on the contro] from- that on. the plasmid
. Lcnntaming fnter.-.. S | | ‘

o ( ) Proteins

( ) Determination of total prouein

The BioRad Protein &ssay Kit was used to. quantitate the amount of

» ‘7~protein present in the :voik'sac lysates (28) Four il of lysate was 3




N _,m*n at’ 4°C and frozen.

2

standard. Sampie values were corrected for background reaction due to

detergent alone. : f;

(b) Assay of protein synthesis ingyolk sac explants
_Yolk sac explants were incubated in medium containing 15 mM Hepes ,pH
7.2 for 30 min.- The incubation medium was then repiaced with pre-warmed
i L- leucine-free medium containing 80 uCi/ml [ H] leucine (48 Ci/mmole,
Amersham) or L-methionine-free medium containing 50 uCi/ml [355]
methionine (935 Ci/mmole, New England Nuciear) and the incubation
flcontinued at 37°C. The labe]ling time varied with each experiment.
To. stop the isotope incorporation and 1yse‘the yoik sac cells, the
.cultures were cooled on ice and sodium‘seoxycholate, Triton x;\go and
L- leucwne or L-methionine were added to 0.5%, 0.5% and 1 mM, respect-
_‘ive]y The samples were frozen and thawed three times. the detergent
»‘concentrations were increased to 1% each and the freeze ai. thaw
". procedure was repeated three more times The protease inhibitor PMSF
',»was added to a final concentration of 1 mM for the iysis of methionine-

'labelled yolk . sacs The 1ysates were clarified at 100,000 xg for 60 -

, To measure the incorporation of radioactive amino acids . into total
protein, 2. 0'ml of cold 103 TCA was added to 10 - . 25'u1 of lysate to
~ which 25 - 30 W Of.5 mo/ml BSA had been added as carrier.. The sample
d Juas piaced in’ a boiling uater bath for 15 min and then cooied in ice. |
tffThe precipitate was coilected on Hhatman glass fiber filters (GF/A),
7 dried and dissolved 1n 0.5'ml NCS at 60°C for: 1hr. The sample was
;‘fﬁd‘neutralized with 2 drops of glacial acetic acid, scinti]lation f1uid'5 .
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was.added and the radioactivity was determined.

(c)‘ Assay of‘proteinfsynthesis_and secretion by yolk sac explants

Yolk sac expiants were cnitured as deecribed in the previoue
. sectidn. The‘yojk sacs were removed from the medium;rinsed twice 1n
PBS and lyeed in PBS by-tne detergent-freeze and thaw method. This
is referred to as the cellular fraction. The medium was made up to 1 mM
in PMSF and 1 mM in methionine and was stored frozen. Later the medium
v»was thawed and centrifuged in an Eppendorf microfuge for 15 min at 4°C,
The supernatant was stored frozen and is referred to as the secreted
fraction. These two fract1ons, i.e. the cellular and seceted
fraétions, were analyzed for total rad1oact1ve protein by the hot TCA’
precinitation method and by two dimensicnal gel electrophoresis.

(d)' Electropnoreticlanalysis

‘(1)' Sbs PAGE \
b

Electrophoretic analysvs was performed on slab ge]s (1.

‘ according to Lqﬁln]i (115) For the analysis of immunopyecipitates, a
ITIOZ acrylamlde separating gel (IO.cm)'was used with a 3 stacking gel
’ “(2;0]¢m)E . For analysis of total protein in lysates, an 8 to 16% linear
7 'noiyaérylamide gradient‘Wa;'used'wfth a 3% stacking gel. Samples
';.ncontaining an equal amount of radioactivity were adjusted to 3% SDS,

10% glycero] 5% 2-mercaptoethanol and 62.5 mM Tris, pH 6.8 (sos sample -

' {‘fbuffer) and heated at 90°C for 10 min ’ Bromophenol ‘blue (0.2%, 3 ul

i}fyper slot) was used as a tracking dye.;

Eleetrophoresis was carried out at 10 mA per gel until the dye
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passed through the stack1ng gel, then the cufrent was increased to 20 mA

‘per gel.  Electrophoresis was stopped when the tracking dye reached

the ‘bottom of the gel.- The gel was stained with 0.05% Coomassie

- Brilliant Blue (6250) in methanol, water and glacial acetic acid

(5:5:1) for at least 2 hr and was destained in 7.5% acetic acid, 5%
methano] in water. . Radiocactive proteihlbands were located by
fluorography‘using‘Kodak XR-1 X-ray film according to Bonner and

Laskey (27, 117).

(i1) Two dimensional gel electrophoresis
Two dimensional gel electrophoresis was carried out essentially
according to 0'Farrell (150). Samples of cellular and secreted

fractions were mace 0.45% in SDS, 1.5% in glycerol, 0.75% in 2-mercapto-

Aethano], 10 MM in Tris pH 6.8 and heated at 70°C for 20 min. After

cooling, urea, Nonidet P-40, 2-mercaptoethanol and ampholines (pH 4-6:
pH 6-8: pH.3-]O, 2:2:1, §1orad) were added to the samples to give final
concentrations of 9 M, 2%, 5% and 2% respectively; These sdhp1es were
Tayered onto gels containing 9.2 M urea, 2%ANonidet p-40, 2% ampholines
and 4% acrylamide. which were cast in 3mm diameter tubes. - The gels
wefe run at 350 volts for 19 hr, and then rémoved from the glass tubes
and frozen._ This method of 1soe1ectr1cvfocussing:produced a pH |

gradient from 4 to 8. The gels were later thawed, equilibrated with

~ SDS sample buffer (section-8;3.d(i)) for 1 hr, then layered onto an 8

to'lﬁxklinear'gradient sldb gel. One percent agarose was used to hold

‘the 1soelectric focuss1ng ge‘ 1n place ﬁhring electrophoresis.
'Electrophores1s and treatment of the gel are described under SDS PAGE.
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(1i4) Alkaline gel electrophoresis

_ A 30 cm long slab gel was formed with a 2 cm stacking gel using
solutions described by Davis (46). The separating gel was 7% poly-
acrylamide and Was at pH 8.9. Bromophenol blue and 40% sucrose were
added to the sample before the sample was layered onto the gel. The
samples were run through the stacking gel at 12 mA/gel and then at
20 mA/gel through the separating layer. Gels were stained with
Coomassie Brilliant Blue and prepared for fluorography as described

above.

(e) Immunoprecipitation analysis
(i) * Antibody preparation : . |
For the preparation of AFP antibody. partially purified mouse
AFP (2 mg/ml) was mixed with an equal volume of Complete Freunds
Adjuvant and 0.5 to- 1.0 mg of protein was injected into each rabbit
subscapularly (140). Four similariweekly injections were repeated
using Incomplete Freunds Adjuvant. One week after the last
inJection blood was collected by cutting the lateral ear vein. The
antiserum was isolated and absorbed three times with adult mouse serum
and the IgG fraction was precipitated with 18% NaZSP4 The IgG
. fraction was taken up in 1/10 the original volume of 10 mM Tris saline
and dialyzed against Tris saline overnight - The antibody
preparations were stored lyophilized During the purification, the
specificity and activity were checked using the Ouchteriony double
'diffusion method.  The preparation was rehydrated to a protein
concentration of 90 mg/ml. - )

o
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Freeze-dried goat anti-mouSe transferrin IgG fraction was purchased
froh Cappei Laboratories Inc ‘The antibody preparation was rehydrated
“ with 2.0 m! water. The equivalence of the transferrin antibody was
40 ul of" antibody to 2.5 ui of mouse serum and 40 1 of antibody to
40 u1 of amniotic fluid.

~(11)  Immunoprecipitation assay

Yolk sac lysates containing radfoactive proteins were used to find
1mmunoprecipitation conditipns where the appropriate antibodies would
~quantitatively precipitate AFP and transferrin. In these experiments
increasing amounts of antibodies were added to equal volumes of lysate
containing carrier protein (AFP or transferrin)' The reaction mixtures
were incubated at 28°C for 1 hr, then at 4°C overnight. The .
precipitate was centrifuged at 10,000 xg for 15 min 'through a 0.9 M
sucrose cushion containing l%vsodium deoxycholate, 1% Triton X-100, and
-1 mM leucine or methionine, in PBS, pH 7.2. The pellets were
resuspended in PBS containing 1% sodium deoxycholate, l% Triton X-100
and 1 mM leucine or methionine, and washed two more times through
sucrose cushions. The final pellet was dissolved in either 50 100 ul
of SDS sampié buffer (see above) by heating at;965c for 15 min, or in
NCS.  The radioactii/ity in the precipitate was'deteiinined For the
remyinder of the experiments, antibody uas always in excess, allowing

for the quantitative precipitation of AFP and transferrin

v_(f)_ Assay of glycosyiation |
Yolk sac explants ftom day 15 5 were incubated in med1ium

- (Section A(Z)) containing lixmn Hepes at 2 yolk sacs/mi for 307min
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~ Two hundred uCi of D-[1, s-3u(u)] glucosamne HCT (39,6 ti/mo]e, New

’ Eng1and Nuclear) was added and the 1ncubation continued for 1.5 hr. The
yoik sacs were removed from the culture medium and lysed as previously

- ‘escribed (section B.3(b).” Samples were analyzed by SDS gel
electrophoresis and two dimensional gel electrophoresis. The labelled

‘glycoproteins were then visualized by fluorography;

(4) 'Inhibitor experiments

(a) Tunicamyeina-inhibitor/of glycosylation
Five yolk sacs were incubated in 2.5 ml of medium in the presence of
tunicamycin (Li1ly Research Laboratories) ay’m concentration of 2 ug/ml¥
For the 2 hr samples, yolk sacs were incubated for 30 min at 37°C in - |
medium described in section A.2, followed by a cha e o medium to
either methionine-free med{um containing 50 wCi/m of [355Q>methionine
| or medium CQntaining 80 uc1/ml of [3H] glucosamine The incubation was
continued for 1.5 hr. For the 6 hr samples, the yolk sacs were incubated
for 4.5 hr, then switched to isotope containing medium for 1.5 hr. .The
yolk sacs were separated from the medium and treated as described above
to yield cellular and secreted ‘protein fract?ons‘ These were analyzed
for total protein‘ 1ncorporation of- [3$S] methionine into total prote?n, '
and AFP and also incorporation of [3H] glucosamfne into total glyco-
pratein and AFP. [355] Tabelled'protein fractions were analyzed uy SDS
and two dimensional electrophoresis. B
(b) u-Amanitin--inhibitor of RNA und protein Synthesis -
R | _Day 15.5 yolk sacs were chtured essentfa'ﬁy as descrﬂnd aboveﬁn. |
| ,_'the presence or absence of 10 ugﬂnl of uauhanittn (Boehringer Hanahefml
Cuttures. vere fmm for 1. 8,78 m B ke, {”s] mbionfm s _
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present in the culture medium for the last hr of fncubation.v.' Theu{/) ' /
‘sacs were removed from the- culture Wedium at the end of the fnc@ction o
and lysed as described above. The lysates were ahalyzed for protein -
content total pr'otefn synthesis and AFP- synthesis-.' Protcins were.

analyzed by two dimensional gel electronhoresis \ -

)
€ luclet | ; B N

(1) Isolation g : S .

This method of 1solat1ng nuclet from yolk sac \vms1 a cambinatfon of

several procedures (34, 213).  The yolk sils were(homqgenized in 5

volumes of 0.32 M sucrose tn ‘MK buffer. (10 mM Tris pH 7. 9, 5 mM mgnesium

acetate, 25 mM potassium chloride, 1 mM' 2-mercapto¢thanol) supplemented

with 0.1% Triton X-100, using a notor-driven teflo4 pestle-g'lcss

homogenizer The homogenate was fﬂtered through 4-6 layers of cheese—

cloth and the fﬂtrete was centrifuged at 600 xg for 10 min The pellet

was resuspended in § volunes of the above buffer uiing a sterﬂe g'lass

rod and then sedimented through 0 88 H sucrose 1n {m)t 600 xg for 20 min. .

The pellet was resuspended in § volumes of 2.1 M sdmse fn THK and m

'nuclei were peneted at 20,000 xg for 25 min. the

1 'volume of TGDEN (10 aM Tris pH-7.9, 25K glycerold.

50 uM EDTA, 5 mM ngnesiw acetate) and centrt‘mg“'
The final.pellet was resusgended n.a sl volméof TGDEH and frozen

at -m°c. . | LA S :

To assay M content, nuclef m preci' :




(2) RNA Synthesis T :
‘ The nuclei were thawed slowiy and incubated at 25°C in 10% glycerol
| 20 uM EDTA, 4 wM dithiothreitol, 50 mM Hepes'pH 8.0, l mM manganous .
‘@chloride, -5 mM magnesium acetate, 'ISO mM potassium chloride. 1.2 mM ATP
1.0 nM TP, 1.0 mM CTP and 0:4 mH [34] TP (1-3.5 Ci/mole).  The
inhibitors, a-amanitin and actinomycin D, were used at 3 ug/mi and 20
ug/ml, respectively. The nucieic acids in 10- lsaul samples ‘of the

incubatiOn mixture were co-precipitated with carrier BSA (30 ul of

5 mg/ml so]ution) using cold 10% TCA - 50 mM sodium .pyrophosphate. The

. precipitates were»collected on Whatman GF-A filters, washed with cold
10% TCA ‘mM sodium pyrophosphate. dried and the radioactivity on

‘ fi]ters wa determined
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CHAPTER III

—~

- DEVELOPHE&TAL CHANGES IN MAFROMOLECULAR SYNTHESIS IN THE YOLK SAC

-

- .

A, Introduction

Previous studies on the yolk sac have shown that there are ..l
changes in structure and function during gestation. The physical
characteristics of the yolk sac change several days before birth (83).
" The microvilli of the endodermal brush border become shorter The
storage of glycogen and 1ipid, and enzymatic activity change with .
gestation (153, 195). Recently, changes in the activity of ‘
degradative enzymes with development,have been detected biochemically

in the mouse (190). The transmission of antibodies is more efficient

".*near the end of gestation'(29) The synthesis of collagen which is

an integral .component of “the basement membrane, changes from type w .
to type I (5). Sialyltransferase activity increases with development
(l28). These results indicate that’ the yolk sac undergoes biochemical

changes during gestation and these changes relate to its s qpcture.and

bl

’function o ;

To further investigate gestatipnal changes in the yolk sac at the
biochemicad level the syntheses of the three major classes of macro-
molecules' DIA RNA and protein were studied. The experiments were
done in vitro with the assumption that short term explant cultungkwould
r;f]‘ht in viua actiVity and allow comparison of the different stages

of gestation o } ; o

/ # L ) . .
’*K o/ , . -
Wi L : ' ’
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Y .
- B. Results ‘
T [ 8
(1) Growth of the Mouse Yolk Sac During Gestation

During the last half of gestation, the mouse fetus is surroqnded
by amniotic fluid contained inside a compartment formed by the‘yolk sac
. and the placenta (Fig. 3). The fg;ps'at day 11.5 is just beginning to
develop unique features and is diffizult to see through the yolk sac at
this stage of development (Figjx3A). By days 15.5 and 17.5 (Fig. 3B
and C) the fetus has developed many distinctive features, e.g. limbs,
. head, tail and liver, and is more easily visualized. .
The jolk sac does not undergo morphological changes from day 10.5
~to 18.5. The predominant feature of the yolk sac is the vite]]ihe ves-
~sels, which have formed by day 10.5 and are presént'durihg the
remainder of gestation. The main change that occurs.guring yo]k sac
developmdnt is a dramatic increase in size from day 11.5 to day 17 5
in keeping with the rapid growth of the fetus - o
To quantitate the growth of the yolk sac during gestation, the‘
wet weight, protein content and DNA content were determined (Fig. 4).
Thé'wet weight increased 2.5 fold from day 13.5 to day 15.5, after
‘which the rate of growth seemed to decrease (Fig. 4A). | The-wg; weight
- at earlier days of gestatfon was difficult to determine accuratgiy:' T RN
The protein content of yolk sac lysates (Fig, 43) increased linearly '
up to day 17.5, after which a slight decre&se was observed. The
amount of DNA per yolk sac also 1ﬁcreased'dur1n§ gestation (Fig. 4C);
- however the rate of 1ncrease was not constant. | There appeared to be
>on1y a slight 1ncrease in DNA content from day 11.5 to day 13.5, then
a large 1ncrease up to day 15 5. From day 15. S to day 17 6 there uas, | 2

,.ggain,only a small increase in DNA~content. The' 1o|!rase in both



.

o

Figure 3. The mouse conceptus at different stages of gestation

Photographs were taken of the complete mouse concebtus isolated
during the last half of gestation. The main components of.the

conceptus during this period are the fétus} yolk sac, and placenta.
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'Figure 4. MWet weight, protein and ONA content of mouse yoTk sac

during‘geitat1on. A. Yolk sacs from di erent stages of gestation

were 1solated‘and rinsed:1n PBS. igﬁcess ffgr_wasAremoveﬁ and the

yolk sacs were weighed. Each point is thelaverage of 5 yolk sacs
. and had a range of about 20%. B.§<Cu1tu5_ of 5 yolk sacs Qere iysed.
: centrigbqu»to remove tissue debr?g,hnﬂfthe supernatants yehé‘analyzed for
“protefn uifng the BfoRad ﬁrotein_As;aywkit._ Each-point 13 the avérage
of 5 yolk sch*qﬁd had a range of .15%. C. DNA was extracted from yolk
“sac lysates and quantitated by the.diphenylaﬁine reaction using calf
thymu§ pNA‘as a standard.' Each point is thc'averqgé of ;t least 5 =

’ybik‘sacs and had a range of approximately 20%.
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‘protein and DNA' contentﬂtnaiéi"—/that the growth of the yoik sac is due

mainly to an increase in ce11 number.

(2)  Nucleic Acid Synthesis During Gestation

(a) DNA synthesis by yolk sac explants -
The kinetics of [3HJ thymidine incorporation into DNA by yoik sac
‘ explants_at days 1.s, 13.5, 15.5 and 17.5 were‘studied (Fig. S58). At

the early stages, isotope incorporation was linear and quite high,hwhile

et'the later stages it was very low. In fact, by day 17.5, the
: .incorporation of [3H] thymidine was essentia]iy zero.

The incorporation of [3H] thymidine by yolk sacs during aldbr

incubation was plotted as a function of time of gestation (Fig 5B).
‘These resuits shoued 3 reduction in DNA synthesis of 93% from day 11 5
“to 15, 5 and then of essentiaiiy 100% by day 17 5. Hhen DRA synthesis
*was expressed as [?H] thymidine incorporation per yolk sac rather than
"’per ug DNA s1ight1y different results were obtained When ‘expressed

_ Athis way, DNA synthesis in dhy 11.5 and 13.5 yolk Sacs was the same and
| :DNA synthesis in day 15 § yolk sacs was only 27% of day 11.5 and 13.5
t'ievels. DNA synthesis 4n- day 17. 5 yoik sacs wes stiil ‘very iow

(b) RNA synthesis o ,
1) Explent culture 'té,_-.v ‘t -
The yolk sac cells cesse to divids during the last. stagss of
: gestation. . When csiis are- no longsr ectiveiy dividing. other. cellulnr
~',‘functions such as RNA synthesfs -ey slso deoreese | To check RNA |
?‘_synthssis during gestation, ‘the’ incorporstion of [3H] uridine into RNA

- in yolk ssc explants uas deternineJ!?Fig GAl incorporation of uridine
ii_,. _ o i v —
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continued for'up to 6 hr of incubation. in day 11.5, 13.5 and 15.5 yolk
sacs. RNA synthesis fn day 17.5 yolk sacs was very low. L

The incorporation dhring 2 3 hr incubation was plotted as a function
of gestational age (Fig 68). The results show that there was a 10
fold decrease between days 11.5 and 15.5, which indicates that RNA
synthesis 1s severely retarded during the later stages of gestation

The pattern of the reduction 1s very simflar to that of DNA synthesis
There are three main groups of RNA in the cell, ribosomat RNA,

traniyer RNA and messenger RNA Poly (A) RNA is greatly enriched for !

mRNA specfes, ‘while the poly (A)™ RNA consists mostly of rRNA. In 3
' preparing ui; RNA, tRNA was removed by the acetate washes. Total
labelled RNA from day 11.5 and 115.5»‘ua's',separ_ated into poly (A)* and
poly (A)” RNA and the radioactivity in eacii'fraction was determined ’
(Table 1). For total RNA isolated from both days. there was a 10.1

fold reduction in [SH] uridine incorporation which was in good agreement -

with the data in Figyre 6. The poly (A) fraction had only a 4.2 fold
decrease, uhﬂe poly (A)” RNA showed a 10 8 fold reduction between the

two days. This difference was’ nasked when ‘measuring the total synthesis j

’as mRNA constitutes onIy 2-3% of the total RNA population. This result
* suggested that the synthests of rRNA decreased faster than mRNA |
' \»,synthesis during this period. '

(fi) Ruciebd. -
In the previous studies. changes in the incorporation of £3HJ uridine

- into tota'l cellular m were detem’ined Thmppare,nt decrease 1n RIA
' 'syntbesis llay be due to an fncmse in the BTP pool with gestation. To_

 test this:
| 'isohted and the dntorporation of [3H] ute into RNA uas determined B

1 o .
aq A

;Fk';',_,,ibﬂit.v. nuclet trom. dif!erent days of gestation were C
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(Fig. 7A). In all cases, during the incorporation of UTP intp,i'w
~there was an inftial ranid increase to 15 min followed by tv&#
increase to 30 min. This behaviour is typical of PHJ mrporation
by nuclei from various sources (26. 61). The_secondary increase could
be mafntained for up to 50 min, after which there was‘no net isotope S
incorporation Figure 7B shows the incorporation to 30 min asa - %‘L’a‘)‘
function of gestatfon. There was a 1.6 fold deorease from day 11.5 to ' “"%A

15.5 and a 2.6 fo]d decrease from day' 11.5 to day‘l? 5. These results

indicate that nuclei at different days of gestation differ i’n.:theirv\\ . (

ability r&ynthesue RMA. »
. To further analyze the transcription by nuclei, ‘the efﬁects o¥ 9

- a-amanitin and actinomycin D were studied (Table 2). a-Nnanitin

inhibits'transcription’of ini!NA sequences, while actinomycin D inhibits

all DNA depehdent trenscriptior; Unw the incubation conditions used,

. more than 68% of the synthetic activity was sensitive to a-amanitin

The significance in the change in inhibition from day 15 S to day 17.5

of 73% to 88% is not known Stud‘les by Emst et al. in hen oviduct

»nuc'lei have shown that .the remaining activity is due t} rRNA synthesis

(61) Actinomycin D decreased the incorporation of UTP by nearly 100%,

: indicating that the majority of the isotope incorporatiOn was due to the

: transcription of DNA sequences, -

(3) “P_.i;ot'oin éﬂij’hesis and S.e_cretion [‘)urinisestation :
| (a) fotal brotein;synthesis' by yolk 'sac explants

| ‘ The,«ietréase in synthesis of mRNA during gestation (Table 1) may
Iead to: 2 decrease in protein synthesis 'The incorporation of [3H]
1eucige and [3551 methionine into. protein n@oied in yolk sac explants

. “'rv‘f‘
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collected at different days of gestlht'ion (Fig. 8) The kinetics of
PU .
incorporation of the two isotopes by day 13.5 yolk sac explants weré L

l1inear for at least 2 hr.  Although similar results were‘obtained for

~ other days of gestation, there were differences -in ebsolute]evels of

incorporation.  The inconmianmf the two isotopes. by yolk sacs at

different stages of gestation showed similar patterns (Fig 8C). Protein
synthesis was reiatiquy stable up to day 13. 5 when there was a drastic
decrease to day 15.5. At day 17.5, there was still 10 - 15% -of the
initial activity present, which was quite high when compared with the
relative synthesis of DNA and RNA at this stage. 0

A comparison of. protein synthesis (Fig. 8C) and RNA synthesis
(Fi!‘ 6B) showed that the decrease in RNA synthesis preceded ‘the decline
.in protein synthesis by two days, suggesting, that decreased %gh synthesis
eventually leads to decreased protein synthesis. The decrease in poly
(A) RNA symthesis from day 11.5 to 15.5 was 4. 5 fold (Table 1), which was
similar to the decrease in ability to incorporate leucine (3.4 fold)

| and methtlonine (5.5 fold) during this. same period. Hhiie there was Tow

g RNA synthesis at days 15. 5 and 17 5 the protein synthesis obs?ved may

-

be gccounted for. in two possib'le ways. ('l) Although less total RNA is
Ieing madeb.gr,eater proportion is mRNA. (2) As will be shown ‘later, the

{W of mRNA' s*gregnt at dp*s 11.5.and'17.5 are very stable and are

translated 1nto th% worfpr’oteins seen during this period“

4“1 (N
e

‘(b)  synthesis of Speciic proteins ,' -
(1) - SDS gel electropho,-qqs D '» -

Developnental changes in the synthesis of protefns by yolk sacs in
- short term organ cultureM analyzed by SOS PAGE fonowed by

B gt
A
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fluorographic location of Jabelled proteins_.(Fig.'Q'). The pattern of
protein synthesis at eachstageeoi_degelopment_was complex. A comparison
of profiles from differentvdevelopmental- ages revealed that the majority
of proteins M present in the same relative proportion throughout
.gestation. suggesting that their rates of syntheses were the same.
-However, most of these proteins repre%ented a mi nor proportion of total

~ "¢
> protein synthesis Hhen comparing the more iv@se bands, significant~'

) developmentai changes were observed. Thev most dramatic change occurred

“in AFP synthesis (for the identi’fication of AFP see Fig. 14) which by
day 15.5 eccoulted -for a large proportion .of the total protein synthesis
, Fran da,y Q. 5 to 13. 5, the intensity of the AFP band increased greatly, '
then reﬂ%ed constant up to day 17.5, after which the band intensity -
decreased. There were several other proteins whose synthesis was greatly
increased during this developmental period. An ple 1s the protein
~with molecular weight of approximately 22, 000 B,' re day 13.5, its
relative proportion was very Tow but after day 13. 5 it became a major
pnotein. There were also several examples of proteins whose relative
| synthesfsi“declined during develoment T'."i major example was a protein |
“of. approxilnate nolecular weight 13, 000 which was_ probably embryonic
' »;glbbin *-?ile synthesis of tnis protein ‘decreased drastically from day

. ll 5 to l3 5 vd\ich correlates exactly with the “cessation of globin :

-

'lsyntnesis by primitive erythroid cells in tiie yolk sac (l3l)

-

"’(ii) l’wo dimensional gel electrophoresis
',thesized by yolk sac explants, were analyzed by - the

o "Ih,evn‘l‘nt!i )
two dfmiona; emtropnoresis system of O'Farrell (150) (Flg 10). o *
fl'nis nethod sepnrltes tne pro‘teins according to two 1nﬂepeﬁde"t nolecular o
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J’parameters. isoelectric point and molecular weight - In each case, the

. Tluorogram shows a Targe number of unique proteins. AFP was ‘the most

'intense spot on each gel (for identification of AFP and Tf see Fig. 15)‘
and appeared to be more of a stmktMn an individual spot. AFP
consists of 4 ‘number of different isoelectric forms which under the long
e_xposure t-igles b!u_rred -together, ,forming'a streak. Transferrin (Tfi was

: "a‘i-so a major spot. esbecialiy at'da.’y@‘s It also seemed to have a

number of isoel ectric forms, and these seemed to change during gestation
Tf (80,000 M. W. ) could not be resolved “Trom. AFP on one dilnensional SDS
‘gels but because the two proteins had different pI S, they could be easily

separated on 0 Farre'll gels, Both AFP and Tf seemed to change in quantity
. during gestatfon with maxtimm intensity of the spots. being at day 16.5.

Protein X, found at molecular weight of approximately 25.000. was not
detected at day 1.5 but 1ncreased in amount and also in heterogeneity to
day 17.5. Its i‘dentity was unknoun The pattern of change in this

protein was very similar to AFP and Tf, and. these three proteins may be

an example of coordinate gene expression. The doublet‘, Y and Y, at

48, 000 molecular weight, might at first be considered to be one spot, but
o at day 16.5, the V' spot. appeared to shift to'a higher wolecular weight

This was even more pron‘éunced at day 17. 5 where spot Y was reduced in

iotensity. ‘These spots had the saa\e nolecular paraneters {3 actin .Spot '
G owas be'lieved to be identical with the - intense band at molecular weight
13,000 on. one-dinensional $DS. gels (Fig 9) and was tentatively—identtfied

65

' as abryonic globin. — A

~

- The oonditions ef ﬂuorograph.y used here anowad thehejor proteins '.
synthesized b.y the yoll: sac to »be vtsualtzed. '
the mr of -inor Spots incretsedp Wti{_: ~ '
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. proteins being made but at ,nlati\io".'ly"“:' Io\v -abun‘dancies

M L]

—

Tbese results 1nd1cated tm ﬂn yolln sac ukes a ‘largo o
‘ mlnber of protcins. 1nc1ud1ng a M‘ujor oam mu rtlative rttqs
of. synwesis chtnge during gestation ~_ x. -‘ ‘ \ ')
(c) Prote'lu secntigv by yolk sac cxplants | . A " , ?
(1) Tw d‘lms'lom'l gﬁ mlysis ‘<‘>  * ' _"\' SR |
| m% found 1n the fétal and -mmr serum and in the miotic ‘.
. flutd. This ﬂﬂests that m ol s_a;-_'__mgm W‘_l'jm ,.mt.j
| AFP To_see umm& sac secretes AFP andBther protetns, yonsm IR
‘were cultur.d 1u the pnsmco of t”s] ..umdfw the ndio.etin - V. h
proteins found in the mdiﬁ e mlyud by N’oiimim! gc'l | .
| ..;,,;_;:_.-oltctrophonq;( . At uch g-;mfom !2! only asmanl
, - number of proteins wm mad m ﬂn ;ﬁcnted fmﬂoa. sm-mng 2
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: _(Fig. 12). The enniotic ﬂuid showed three majas spots whici@

"fiqoan ities reietive to Tf, AFP end albumin. T&e proteins secreted by

»

‘ N . o
minor protefnsawere ségreted . The yolk sac secretes jEvera] proteins )
&
of which‘the meJor ones go through gestationai changes. and these changes

'Vere‘dired'tiy relhed‘to the,ir synthesis in the yolk sac.

_- .. H
. SEOA RS o - g

R
(1iy A cd-ﬁorison of total mniotic fluid protein to proteins .secreted
by. tb!&olk sac gxplapPe, . .. .

‘The major protein ca Y .’f\g‘ ¢ se amniottc fluid are AFP (soz), B

anuniﬁ (3‘&‘), and traosferm (l4i¥’a78) ’ Amniotic‘]uid isé,donteined

} ‘ ;wigm the yoik ‘Sac durmg the iast half o?’ gestation;‘ The proteins
_ ‘ * s.mthesized and sécrgted by ae yolk sac vu'id contribute to the proteins

‘found in the amiotic ﬁuid A compaiison of ‘16, daye'amniotic frhid. .
o -
protein qgid é‘oteins secreted by day 16. 5 yolk. sacs in- zntro was made !

, ¢ - .
L) -
3

“are TP, AFP end e'i bumin These we,w present in the approximate ':. o
:"f ra,tip i'tated ibove and consti i) ', re. then 95% of the protein |
| ' S!lerel other proteins were. present but in minor - e

St

v

,the yo'ik sac inc]uded iarge quantities of AFP and Tf, but- littie. if any.

' oibunin. : Amngst the minor protein spots, only three proteins appeered

to :be- oomo/ to both amiotic fluid and. yolk sac (R. S. and T) The .

proteins x -and Y which m secreted by yolk sacs n vitro were not '

-~

presmtdn;:equivaient aq.unts in the amiotic fluid

‘Phe resuits shoun ebove indicate thet mci'omlecular synthesis '- | y, .
dmticﬂly n the yolk e during m ia&t he'if of gestetign o
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F'lgdra 12. Compar‘lson of to'tal amniotic flu'ldjroteins to proteins 3
- Asecreﬁd b_y_the _vo'lk sac in \dtro ; SAS 'Amniotic ﬂuid was 1solated )

‘ from é‘everal 16. 0 day conc‘btuses b] incturing each intact yol c
2

with a syr'lnge needle and removing onh!3 the claar ﬂuid surr;ound'lng *
L

the fegus. The ﬂlld was’ ch%rifuged in an Eppendorf microfuge and
. . e
" frozen.” Pitein content was determined by the BioRad Proteim Assay.

*’;ﬂw Appr‘ox'lluqtely 200 yg of- an‘iotic fluid gmteiq were analyzed

w Byatuo dimensional geb electmphores1s The gel was staiped with
Coomassi@lua" destained and photographed B Proteins synthesized
tod ':by t'h"lﬁ § day yolk sac explants were analyzed by two

.‘{t N

dimsiona! eIectmpboresis and radioactive spots were visualized
’,wﬂmam /— e e e
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~ ' days after the :};Hne in RNA and DNA' synthesis but even at late stagos§

approximately 10% dr. the activity at- 31.5. e .
~* - .

uTe incorporation into RNA by yolk sac nuclei decreased 1.6, fold from
: AF - Y S S
day 11.5 to 15.5 and 2.6 fold from day A1, 5 toN 5.9 RNA' polymerase II o

was maintained

activity predomin'ated (Tab]e 2) 1ndicat1ng that ﬁicorporat'lon was mostly
into mRNA-11ke mbleciles. The decrease in po'ly n* Rrw;ynthesis bﬁ ;
| yolk s explants from d’ayﬂ 3 to 'IS,S yas 4 feld (Table 'l)l‘tch 1s | ‘f "
@-mnar the dedk:easgedn RNA synthesis by nuclei dur'lng thfs period .
o .(Fig.. 7). Therefgre the contribution by changes 1h UTP po‘o'l size to o

- the decrease synthesis appears&to be‘ sma‘lT. and the decrease,.in .
“ . NA synth:?fs ng gestat,io g\s to Eé"due ,at least in part, to '.
L ot 1fferences jln 7l:he tranScripghabﬂity of the yolk sac* 3 o
The electrophoretic ana'lyé/s of the tot‘a"'l protein synthee‘as (Figs ,» |

| . f' 9 and '10) showed,thpt there are bnly a few changes in the species of

: proteins syht;hesized dur‘lng gestation with a large proportion of ,the

iy, -

=

'.'A,,-'protein synthesized ranaining constant. This 1nd1cates that the same
Lo genes are being transcgibed at a reduced rate late 'm gestat'lon and nOa
' :?"f‘major changes have occurred 1n the'types Of gmes that are ‘"‘9
.Q ; t.rauscmed. R '

. The: chaﬂ!es in pmefn sxn."; |

' . Vg

resu‘lted 1n a. group.of fogr

” ,‘.la

s prgwns AFP, T, x and " becmng the major Portion of ung,mtein C i~ |
fynmsis‘ by, day 16 5 T#Q@up oﬁ 6mteins 1s secreted' by the \ .




“ Ruoslehti&sugge&ﬂ tm:ﬁ to 65% of the amnfotic fluid AFP nay be due-
&
| g.' Lo yoik sec synthests, 1ndicat1ng that. the Yolk sac 1s a major source
: 'b? AFP Tf~and possibly the other minor components found in the amniotic N
&
ﬂuid (174)- Th& rea‘gon fOr‘WeubsanI of X and Y' proteins 1s not

' c'lear at present, but they may be re1egsed e,1ther 1nto the uterine cavity |
A 1noo thO tntei"i:enular‘ spaé‘;e of a'ne yolk" sac ‘Whgre they remain, ! .

iy e g “In sm‘ury, t‘he reSuits show fﬁaé DNA ﬁNA and protein synthesi;
decrehp nm t»g W of ‘gestation. s -Wring‘hthe fan‘"tn protéin o -
b synthegls, ag‘spﬂ‘l grbup of;probans R of which A’FP ¥ the pr‘edominant | |

b3 f a ’
oonstﬁu’l;e; 4 mﬂot-Z
‘!h “3 ’

| Tﬂeﬁb pno 3: aye sec ) bx tﬁe yolk sl’é md» severa'l of these . B
o protei?ﬂem tnsthg emiotic ﬂuid o R

frac’.ti“on of the tqtal protein synthei}is S

Dnrtng the period of decreased protein .
' '.mt mtein synthesiz’d 8’otb the S

mthﬁiqhamﬁw{m* : ‘r "
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AFP: syumést. secmxon AND GLYCOSYLA'I—‘ION BY YOLK SAC -
| DURING sssnmou .

o : ) . ‘d . ’
‘ SR 3 ‘."v’;‘, . b S
A. Introducm ,
. "[. : :
In this chapter. the identification of AFP and Tf by - - SR

1mnunoprec1p1tation fonowed *by amnysis on two dimensional ge]s
.is described _FP synthesis was -quant1f1ed as a function of

Mt

'gestation. n “ 3 | Lo \ ~ ‘
‘ A‘%a_‘ ] 2 Glycosylation 61' AFP and its possible role 1n thq secretfon oiAFP
were s-tudfed using tnnicwcin. Tunicwcin 1nh1b¢ts glycosylatio.n by
E _1nterfer1ng wﬁﬁ the fomtion of the Hp‘ld-oligosaccharide intemediate
- 4! fomd dur'lng N-anaﬁ qugo;yntion (91) The sia1y1ation of AFP’ s - -

' "during gestation, giving rise to the changes- 1n
NV :
rophoretfc micr oge fty -,(12;)'. The changes in the micro-
" ,f“ﬁ_f_'lt;y of the-ceﬁnhr and mntea ’foms of AFP are shovm "--‘,__
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Figure 13 Titration of AFP and Tf with specif;lc antibody&

.~A,.f AFP" Yolk sacs from a 13.5 da,y pregnant mouse were ,cultured in
_ med1um containing [3H] leuc1ne and a,,lysate was prepar'ed as described
' >in Materials and Me s. Increasing amounts of rabbit ant1-AFP
(90 mg/ml) were add to tubes’ containmg 200 w1 of 1ysate and 8500
: ;cpm of hot TCA precipitable material Carnter AFP (3 ug) was added tp
- each tube and the tubes were 1ncu'batedaat @% for 1 hr and at 4°C
"’ovemight The~ precipitatés were uashed dissolved in NCS (Amers‘nam)

- and'the ra‘dioact'lvity uas determined B Tf YoIk sacs from a 15.5

. am ‘_f on

day pmmnt muse were cu'ltured 1n medium conta'lning [35§J methiomne>
- and 2 lysatc was prepared F'Lg.y u'l of lysate, which contained 1 4 X

. ':105 cm were addad to:mh tubk w'ith 'IO ul. of carrier R
T soluﬂon. Anti-’l‘f was -added and the mixture was 1ncubatea at zyc for

at .4°c ovemight. y The precfp1 utes were washed and

\..

o i_* diksﬂm m SDS buffer and the radioactiv'fty ;n ) <vas detemmad
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of AFP were shown to be 30 ul of th'ls antibody preparatfbn in the

~ presence of 3 ug of AFP (ng 138).  In all of the following studies,

40 i1 of antibody was used to prqcipitate 200 ul of yolk sac lysate.

For Tf (Fig. 138), 40 1 of antiﬁedy were required to progpitate all

———y

the T¢ from 50 ul of day 15.5 yolrk sac l,ysate plus carrier Tf..

o

'w‘

_”\3. W

(b) Electrophoretic analysis v

weight to the ma.jor spots seon in the typo d mensional gels (Fig

’ guapter III) The 1mnunoprec1p1tate of AFP (slot 2) showéd only oRe

band which corresponds to the major band 'ln t%creted fra,ctio

o ,same major band- coqld also be hununopracipiﬂited from thé ce]lular \v :
‘4';fraction using tM:s, antibody (results not sm) The tota'l ce'l'lular o

9, &}!

‘fraction (sTotQ') hld 2 cqplplex pat g,oerotein bonds but only one. -

could be- pi‘ec'lpitated from thi raction using T antibody. On _'
' _,l AFP .and Tf were disti.nct d%m each other and a comparison of

-

77
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| -Figur'e‘u SDS_ge_ anal,ysis of AFP an
’ Yolk sacs at day 15 5 were gultured 1n the presem:t of [3583 mgth
1on1ne. and cellular and Secreteah fracﬁﬂns were?,prgpan'd as descﬁbed
_ 11? Hater'lals and Hethods .The secrgted (23,000 cpi; s%t J) and the ‘
. cenular fractions (72,000 cpm, s'lot 3) nere arlalyzed ow@ﬁoz poly- ‘\“
y1am: T con aining 0. n SDS (see Hateruls and nethbds)
If and AFP were préi:fpitated ?rom the cénuwrand secreted fractions \ | '
mspectively. * The 1mmmipmtes {0 000 ) o AP and 9.000 cpm '

0’1

.“
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'molecular weight, and the other,. AFP (Flg 18A) and Tf.(Fig. ‘ISC)

The l1ight chain of the IgG molecule was not visible in these photographs
In the fluorograms of these gels only the AFP (Fig. 158) and Tf (Fig
lSD) spots were radioact‘lve. 1nd1cat1ng that the yolk m“s,ynthesizes
AFP and Tf. . The patterns of both proteins were heterogeneous,

showing that the antibody could recognize and preclpitate the

different forms. The specificity of both the antibody and the
immunopreclpltatlon condftions was shown on these gels by the lack of
other radioactive spots. The locatfbn\and intensities of the AFP and
Tf spots were then used to identify these proteins in the total chllular :
and secreted protein fraction which were analyzed by two dimensional

gel electrophoresis (Figs lO and 11).

(2) AFP Synthesis and Secretion

(a) Kinetlcs of synthesis and secretjon
The . appearance of radioactive protein in the cellular fraction

- after the addltion of isotope, and the subsequent secretion of labelled
protein into the.medlum, are shown (Fig. 16). By 15 min after the
“addition of [355].methionine to the medium, radioactive proteln and AFP
were both found in the yolk sac cells'(Fig. loAf. Isotope
lncorporatlon'into'total protein was essentially linear up -to 3 hr;
' 'whlle AFP synthesis 1ncreased for about 1 hr and then seemed to level
off. Analysis of the appearance of radloactlve total protein and ‘AFP
in the medlum showed that until 30 min there was no slgnificant
*secretlon of protein. after which both total protein and AFP were
secreted in a linear fashfon for 3 hr (Fig 168).
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(b)  Changes in synthesis and secretion‘wfth gestation®

'Gestafional_qhange§ in AF# synthesis relative to total protefn
synthesis weré~detqrm1n;d by quantitative immunoprecipitation of
labelled yolk sac cellular proteins (Fig. 17). .AEP~donst1tuted a large
proportion of the totil protein synthesized during the last.half of
gestation. Initially, AFP synthesis represenis 6n1y about 115% of
toté] labelled cellular protein, but increases dramatically to day 15.5
when AFP represents 22% of the total protein synthesized The }e]ative

rate of AFP’ synthesis then dec]ined to 8.5% by day 18.5. fhis result 1;
simi]ar to the electropho’étic results (Figs. 9 and 10), which showep
" qualitatively that AFP was a majoﬁ protein from days 11.5 to 18.5.

To determine the relative propgrtions of AFiisecretion ai
different stages of gestation,gthe area of each of the radfoactive spots
in Fig. 11 was measured and the percent AFP 6f the total area was
calculated (Fig. 18). AFP constitutes approximately half of the total

e
secreted protein and this does not. change significantly dqring gestation.

(3) @&lycosylation of AFP | .

(a) Glycosylated proteins in the yolk sac
AFP found in serum and amniotic fluid is glycosylated. To see if
~ .the yolk sac synthesized glycqsylated proteins including AFP, yolk sacs
| were cultured in the presnnca#‘f [3H] glucosamine The labelled protein
found in the cellular fractiOn was analyzed by SDS gel electrophoresis = +

R

(Fig. 19A). After an exposure of 30 hr (slot 1), only one band was

- present and it was in the AFP region. I the gel was exposed for 28

days (slot 2), many more bands were rev;aled. " However AFP was stil}

the most intensely labelled'protein. The glycosylated proteins were
i

~



Figure 17. Developmehtal chqhges in the relative synthesis of AFP.

Yolk sacs from different stages of gestation were cultured in medium
containing [355] methionine for 1 hr at 37°C. The yolk sacs were

1solated and lysed. The lysates were analyz:Q for total protein
synthesis and AFP synthesis. - AFP synthesis relative to total protein

_synthesis was calculated directly.
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 Figure 18., A_E,E‘\ss{é‘tion dur{ng deve'lopmeth ~ The medium in which the
yolk sacs were cultured for 1 hr (Fig. 17) was clarified by centrifugation
and analyzed by two dimensional gel electrophoresis (Fig. 11). The
relativo proportion of AFP at each day of gestation was determined by
meesuring,the area of the radioactive spots using a planimeter .and

calculating the area of the AFP spot as a percent of the total area.
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Figure 19. Incorporation of ;lH] glucosamine into glycoproteins in

yolk sac. Yolk sicv at_ddy 15.5 were {solated and cultured in the
presence ofp[aﬂjpglgéosamine. The yolk sacs were removed and lysed.
The lysate.was anal}ied for incorporation of [3H] glucosamine into
total proteiﬁ. (A) A sample containing 42,000 cpm was analyzed on an
SOS slab gel. The gel was prepared for fluorography and exposed to

. x-ray film for (1) 30 hr and (2) 28 days. The arrow indicates the

bosition of'purified AFP. (B) A sample containfng 83,000 cpm was

analyzed by two dimensional electrophoresis and the giycoproteins
. -

detected by fluorography for 28 days.
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. (Fig. 20R). AFp was the major labelled‘protein and was resolved into

. .
|

then analyzed by two dimensional. eloctrophoresis (Fig. 198),  Although

the resultant fluorogram was rather streaky. AFP was clearly the major

'glycosylated protein. Thererwere two intense spots in the high

molecular weight region. Hhile the remainder of the radioactive -
proteins were all of minor Yntensity, there were a large number of them.

Tf was expected to be present but there was only a minor streak present

. in the Tf region ..From the previous analysis of cellul ffoteins

(Fig. lo), protein X did not appear to be glycosylated

(b) Changes in glycosylation of'AFP with gestation

Previous studies in mice by Zimmerman (241) have shown that the
sialylation of AFP changes during gestation and this causes the micro-
heterogeneity seen-in AFP. To detect the heterogeneity and its

changes during gestation, two types of electrophoresis were used

 Alkaline gel electrophoresis (231) has been traditionally used to

.separate serum proteins, but when long gels and increased resolving

time were used, the different forms of Tf and AFP were separated

a number of-bAnds There was also some activity present in the Tf

| ’region. but none in the albumin region. The AFP region of different
| gestational days showed that at_each day the Fp-1 form was always one of

' the predominant bands. while the remainder of the forms changed during

gestation (Fig. 20B). At days 10.5 and 11.5, most of the radioactivity

" not in Fp—l was in Fp-3 with some possibly in Fp -2. At day 13.5, Fp-4

became significantand By day 15.5, Fp-s was also present\ By day 17.5,

’ Fp-S was .an intense band with faint intensity at Fp-3 and Fp-4. Therefore,~

during gestation there is a apparenf shift of radioactivity in non- Fp—l

3
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AFP to more acidic forms. The bands in the secreted fractions were not

very intense (Fig. 20C). They did however show the change in the forms 6f

of AFP that were found in the medium. At day 11.5, the radioactivity,was\

higher on the gel probably at the Fp-1 position, while at day 13.5.it
shifted to a rather diffuse series of bands at a more acidic position.
-From.day 15.5_to‘17.5, the’most acidic band became'more intense. This
was probably the Fp-5 form. A eomparison with Fig{ 20B revealed that no
significant Fp-1 band was present from days 13.5 to 17.5. This indicates
that Fp-1 is probably not secreted late in gestation and is the original
cellular form which becomes sialylated during the secretion process,
producing‘the'other forms of AFP which wre secreted.

Another method used to separate di;$:?Ent eherge forms was iso-
electric focdssing. The two dimensional system was used in‘an attempt
to resolve these different species of AFP and detect gestational
changes‘(Fig: 21).. In each case,.the~surrounding spots interfered
with clear visualization of AFP and the changes in its heterogeneity
In an. attempt to clarify these changes, tracings of the AFP region were
made and shown. The different forms were also designated with arrows.
The results were the same as for the aikaline gel electrophoresis in
that Fp-1 was alnays the major form and the remainder of the spots

_‘changed during gestation. At day 11.5, Fp~2 was the major spot with
each of the other forﬁ‘"ﬂécreasing in intensity to spot Fp-5 which was
very small. A‘ day 13.5, the intensities of the spots had shifted so
that Fp-2, 3 and 4 were approximately equal and Fp-5 also increased
.substantially At day 16.5, Fp-2 and 3 decreased and Fp-4 and Fp-5

4# were the major forms. -These results were similar to those in Fig. 208

in that-the more acidic fbrms‘oredominate towards the end of gestation.

\
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~ Figure 21. Developmental changes in the microheterogeneity of AFP

analyzedggy two dimensional electrophoresis. Yolk sac lysates at

different stages of gestation were prepared as in Figure 20A. Samples
from day 11.5, 13;5 and 16.5 were anal}zed by two dimensional gel :
electrophoresis. The radioactive{protein spots were visualized by
_ fluorography. The AFP region of tﬂé gels Qﬁs photographed and tracings
of the AFP spots were made in order to see the differehces with
gestational age. The nomenclature of Z{mmermah (241) was used to denote .
the different forms of AFP where Fp 1 indicated the unsialylated form and
Fp 2 - 5 are the sialylated forms of AFP. Tﬁo ofher'proteihs'near the AFP

region were also denoted. : | ,
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& ,
vy
The sialylated forms of AFP are probably the ones that;j;e Secreted

while Fp-1 remains internal.

Y

(c) Effect of tunicamycin on glycosylat%on of AFP _
AFP is glycosylated and secreted by the yo]k sac.  Tunicamycin
1nh1b1ts the N-1linked g]ycosylat1on of protein, by interfering with the
; attachment of carbohydrate to asparaging. In these experiments,
the effect of tunicamycin on the synthesis and secretion of AFP was
studied. The synthesis and glycosylation of total protein and AFP‘
were studied by the incorporation of [355] methionine into the protein
N (Table 3A) and of [ H] glucosamine into the carbohydrate portion of
glycoproteins (Table 3B). There was a 21% decrease 1n protein synthesis
at 2 hr of treatment which increased to 36% at 6 hr.  The antibiotic
, did not seem to have any effect on the relative rates of AFP\syq;hesis,
' ‘ indicating ‘that the inhibition of protein synthesis was a general effect.
. The glycosylation of cellular protein was inhibited by 73% at 2 hr and
89% at 6 hr. The relative rate of AFP glycosylation was reduced by
60% at 2 hr and by 86% at\ﬁ hr. These results indicate tunicamycin
causes a small inhibition of protein synthesis and a dramatic inhib1t1on
of protein glycosylation which seems to specifically inhibit AFP
glycosylation. ‘
Tunicamycin treatment reduced total protein secretion by 35% atlz
hr and 46% at 6 hr (Table 4A). These values were similar tq the |
reduction in total protein synthesis (Table éA) There was a small
%@5‘ reduction in the relative secretion of AFP at 2 hr but no apparent
-(/ﬂr\ effect at 6'hr.  The reduction at 2 hr could be due to an over-
estimation of the relative secretion of AFP in the control at A hr

& .- .
(62%). There was a reduction in the glycosylation of secreted proteins
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by 44% at 2 hr and 86% at 6 hr (Table 4B). The amount of glycosylated
AFP in the secreted fraction was reduced by 45% at 2 hr and by767%

at 6 hr. Tunicamycin inhibits the glycosylation of AFP but does not
affect the AFP ;eCretion.

Since tunicamycin inhibits the glycosylation of AFP, the molecul&r
weight and the heterogeneity of AFP should change. The effect of
tunicamycin on the molecular weight of AFP ﬁ(om secréted and cellular
fractions and on the total secreted fraction are shown (Fig. 22). The
minor bands of the total secreted protein (Fig. 22A, slot 1 and 2) did
not change; however, there were two major bands which show;d small but
distinct changes in molecular weight. Such changes in molecular
weight were found in the AFP immmnoprecipitates of the secreted fraction
(slot 3 and 4). AFP was the major component of the secreted fraction
and Tf was jusf above AFP. These results indicate that Tf also changes
in molecular weight during tunicamycin treatment. The immuno-
precipitate of the cellular fraction (Fig. 228) showed the molecular
weight of AFP in yolk sac cells was reduced by tunicamycin treatment.
This 1nd1cate§ that the inhibition of glycosylation by tunicamycin is
taking place in the cells. Although the change in molecular weight
was difficult to quantitate in this region of the gel, the average
change in four determinatfons was 4.2%. Previously published values
) found the amount of_harbohydrates on AFP to be 4%. These results also»
indicate that non-glycosylated AFP is seéreted.

* This point is besi demonstrated by a change on two dimensional

104

gels (Fig. 23). - There was a striking difference in the heterogeneity from

the control to the treated samples. " In the treated sample, there was

one major spot present, while in the control the typical_series of four -



Figure 22. Analysis by SDS gel electrophoresis of AFP:synthesized

and secreted by tunicamycin treated yolk sacs. Yolk sacs were incubated

in the presence or absence of tunicamycin (2 ug/ml) for 6 hr. [355J
methidnine was present during the last.1:5 hr of incubation. Secreted and -
cellular protein fractions were prepared and the immunoprecipitation of ®
each fraction was carried'odt as described in Materfals and Methods.

(A) Total secreted protein and secreted AFP from control and treated
cdltureé were analyzgd on SDS loz-polyaérylamide gels. (B) Immunoprecip-

itated AFP from the cellular fraction was analyzed on the same slab gel.
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spots was prgsent. The glycosylation of AFP was inhibited by tunica-
mycin, which resulted in a reduction of the heterogeneity. When the
molecular weight of the‘freated and control AFP were compared to the
minor protein to the left of AFP, there was an obVioqs decrease in
treated sample. These results indicate that'tunicamycih inhibits the

-

glycosylation of AFP whjch decreased the molecular weight and the

molecular heterogeneity of, AFP.

C. Discussion
Immunoprecipitation analysfs showed that the éynthesis
of AFP relative to total protein synthesis by the yolk sac increases
during gestation, reaching a maXimUm.at day 15.5, after which it decreases.
This confitms the electrophoretic results in Chapter III (Fig. 9 and
10). Prepious studies Have shown that the relative proportion'of AFP
mRNA in the po]ysomes of the yo]k sac increases to a maximum at day
14.5 and then decreases; day 15.5 or 16.5 were not analyzed (147).
Therefore a good correlation exists between the thanges in the relative
amount of AFP mRNA and the changes in relative aynthesis of AFP durin;
gestation. This indicates that AFP synthesis is probably ragluated
by the amount of functional AFP mRNA
During the latter half of gestation, AFP constitutes the major
fraction‘of the secreted protein This suggests that AFP may have
some 1mportant function either in the fetus or in the maternal -fetal
‘ relationship.  The organel]es of secretion (E.R. ~and Golgi apparatus)
- are located in the basal part of -the cell 1nd1cat1ng that most of the
secretion is into the intercellular space. Therefore-AFP would first |
enter tha fetal circulation and then eventually crosa the placenta to |

enter the maternal serum.
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In the present study, I found a time lag of 30 min before the
appearance of AFP in the medium as compared to only 20 min for release
of albumin from hepatoma cells (9). This difference may be due to the
hepatoﬁa cells secreting albumin d}rectly into the medium while AFP
release from the yolk sac is more complex due to its‘release into the
~ intercellular space;‘

The changes in microheterogeneity of AFP during gestation agree
with the work of Zimmerman (241). The more sialylated for@s of AFP
are usually secreted, while the unsialylated (Fp-1) is usua]]y“intrg-
cellular. | | ,

The secretion of AFP by the yolk sac pfesents 1tse1f as a model
system to study the molecular mechanism§ of protein secretfon. Previous
\studies have shown that AFP is made 1n1tially‘as a preprotein containing
a signal sequence .of 20 amino acids which is reﬁoved during the
secretion process (161). In these sfudies;,thé,effect of glycosylation.
dpon AFP secretion was investigated. Tunicamycin_had a significant
effect on the molecular weight and glycosylation of AFP, indicating that
_thé'presence of the carbohydrate portion was'greatly réduced. This
confirms that the main attachment site for carbohydrate to AFP is to

asparagine. Tunicamycin had Tittle or no effect on the secretion of
AFP suggesting that N-Tinked glycosylation of AFP is not required for
its secretion. Similar conclusions haye~been found for the secretion of
other glycoproteins, siuch as transferrin and VLDL (148, 201). . This has
led to the postulation that glycosylation mighf be imbortant in'protein

structure or function but not for secretion. : \



| CHAPTER V
CONTROL OF AFP GENE EXPRESSION

A. Introduction

‘The relative rate of AFP synthesis.increases during gestation to
a maximum at day 15.5. The level of synthesis appears to be reguiated
_ by the proportion of AFP mRNA in the polysomes (147). .The amount of
any mRNA present in the cytoplasm is the consequence of a steady state
between its réte oflsynthesis and its rate of degredation A change
in either rate will result in changes in the level of mRNA. .The rate
of synthesis of - mature message is dependent mainiy on the rate of
_transcription of that gene although.the rate of processing may also be
important. The rate at which mRNA's are degraded’raries with the mRNA
" This rate affects their relative abundance in the cytoplasm, which in
turn determines the level of protein synthesis. The factors'which
control mRNA stability are poorly understood but may 1nvoive RNA
structure and/or protein bound to the mRNA

Since many differentiated proteins have very stable mRNA s, the
stability of'AFP mRNA was determined. mRNA stability has been studied in
several ways. The earliest nethods invpived inhibiting the
"<tran§pription of new mRNA and then assaying the:decay of the mRNA by the
decreese in protein synthesis (130, i54). Initiai]y; actinomycin D was
" used as it inhibits DNA dependent RNA synthesis. Using this inhibitor,
Schimke showed that ddring the inhibitidn, the synthesis of some proteins
was higher than that of others (154). These mRNA's were more stable

than'the'remain(hg'popuietion and the effect was called superinduction.

111
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" Actindmycin D is no longer used for mRNA half life determinations as it
. has side effects ﬁnich may cause artmfacts (127). In the experimen}s
reported here, the inhibitor 0&aman1t1n was used. At low concentrations
of o{-amanitin, RNA polymerase II {s 1nh1b1ted »reducing the synthesis of
mRNA. This then should reduce protein synthesis in a similar manner.to ‘
actinomycin D. | ‘ | |
A more direct approach to measure the decay of RNA hée been

deve]oped which entails the radioactive labelling of a population of
- RNA's and then measuring the decay of this population (86): This
method is more natural in the sense that all normal functions are
maintained in the cells during the experiment. In this procedure, the
ce]ls are labelled for a short period of time w1th [3H] uridine (pulse)
and then uridine, cytidine and glucosamine are added to. dilute out the
label from the UTP pool and to stop further incorporation into RNA
(chase) - The cessation of isotope incorporation must be complete to
obtain an accurate determlnation of the RNA decay.

. The measurement of a specific’mRNA in a complex population has
now been greatly simplified by advances in molecular cloning. This _
technology a]lows the ampIification of DNA sequences complementary to
specific mRNA 3 which can be used as selective probes in hybrid1zation
assays. To assay the decay of AFP mRNA in the yolk sac, total RNA was
pd]se labelled; chased for varfous lengths of time and radioactivity
in AFP mRNA was'assayed by hybridization with DNA sequences specific for
AFP mRNA. The staﬁility of AFP mRNA was determined from the decay curve.



113

'B.u Results k
1) Trahscrip;;én in the Yolk Sac
"(a) Effect of q;Lmanitin on AFP synthesis

"

The effécts of a-amanitin on total protein synthesis and AFP

synthesis are. shown (Fig. 24A). . Total protein synthesis was reduced by
50% at 7.5 hr and by 60% at 25.5 hr. During this incubation period,
| therg was no apparent decrease in AFP synthesis. fhis resulted in an
increase in the relative rate of AFP ;ynthesis for the treated sample,
from 20% to nearly 40% at 25.5 hr of culture (Fig. 24B). The relative
synthesis of AFP in the control cultures was constant at 17-19% of total
-protein synthesis during :hevincubation period. |
(b)‘ Effect of a—amanitfn on total protein synthesié

Total labelled proteins were analyzed by two dimeﬁsional gel
“electrophoresis to campare the protein synthesized.by control and
a-amanitin treated yolk sac (Fig. 25). In general comparison, the most
obvious différence was a'reductfon in the background radioactivity on the
gels of treated yolk sacs, 1hd1cat1ng that fhe syn;hesis of many minor
proteins had decreased.  The protein spots that remained after treatment
became more distinct. There were Severaiiexamples of proteins with
‘intermediate intensity that disappeared complete]y during treatment
and these have been designated‘with upward arrows (Fiéi 25). The main
example was proteih Y,'whose 1ntens1ty‘Was greatly reduced by imhibitor
treétment._ The protéins AFP, Tf, X aqd Y' constituted the major
portion of tﬁe pfotein'synthesized by the yoik sac at this Qtage.‘ There
seemed to be little change in their relative intensities after treatment.

 There were many spots of intermediate'intensity which were still present
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Figure 25. Effects of a-amanitin on protein synthesis in yolk sac

exp]ants. Yolk sacs were ‘incubated with or without a-amanitin for
25.5 hr as described in the legend of Figure 24 and lysed. Proteins
(200 000 cpm) from the control and treated lysates were analyzed by

two dimensional electrophoresis Labelled proteins were v15ualized

by fluorography.: The previously identified spots are labelled as
Figure 8.  Downward arrows (+) indicate spots which remain after
treatment, while upward arrows (+) are reprbsentative of those proteins

~ which disappear
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after treatment and examples of these are indicated in Fig. 25 by
downward arrows. In some cases, these proteins actually showed small -
increases in intensity. The inhibitor had no apparent effect on the

major proteins synthesized in the yolk sac at this stage‘of gestation.

(2) Stability.of AFP mRNA During Gestation

(a) Total mRNA )

To study the stability of various RNA species by pulse and chase
methodology, certain experimental conditions had to be determined.
First, ail'RNA‘species have to be labelled to a high specific activity.
This was‘especiaily true for the determination of the half life of AFP
mRNA. Secondly, the chase must cause a rapid cessation in {sotope

incorporation so that true decay behaviour is displayed For each age

tested, the incorporation of [3H] uridine (0.25 mCi/ml) increased linearly -

to 5-6 hr of culture (Fig. 26)2 For the following experiments, an
incubafion4period of 4 hr was/chosen. Both mRNA and rRNA were labelled
under theSevconditions (See Chapter III). The chase'ﬁas initiated by
removing ihe radioisotope containing medium and replacing it with severai
fold excess of medium containing 5 mM uridine, 5 mM cytidine and 5 mM
giucosamine These conditions have been shown to reduce the [3H]

uridine available for RNA synthesis (122). The results showed that for

"day 11.5 and 17.5 there was a cessation in uridine incorporation within

10 min of adding the chase medium and no further irdcorporation took place
after 1Q-min.  The [34] uridine labelled material was alkali labile,
insuring that incorporation was into RNA.
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The RNA uas isolated from the_yolk,sacs;during.the'chase and the
decay of total RNA and poly (A)" RNA was determined (Fig. 27). The decay
of the total RNA was slow compared to poly (A) RNA and represented _
essentially the decay of rRNA as it constitutes greater than 95% of the
total RNA.  The decay of total RNA was 1inear with a half 1ife of 52 hr.
The stab111ty of the total RNA did not change much during gestation The
poly (A) RNA of day 11 5 and 15<g\yolk sacs both. had an initial half life
of 4-6 hr, while after 12-20 hr of chase,_there'was an apparent shift

to a slower decay. Day 17.5 yolk sac poly (A)* RNA had a single

component decay with a half life of 10-15 hr..

(b)  AFP mRNA §

| To'specifically follow the decay of;AFP mRNA, plasmid pAF-7 which
contained DNA sequences‘complementary'to 42% of the AFP mRNA was bound
to nitrocellulose filters and [3H] uridine labelled RNA was " hybridized
to 1t (Fig. 28). There wis a 11near re1ationsh?p between bound radio-

activity and the amount of [3@ RNA added (data not shown). The hyb_r'ldr
{zation conditfons to assay the decayvof AFP mRNA of each gestational day |

were 1dentiCal and therefore the percent bound radfoactivity cou1d be

121

p]otted directly It appeared that AFP. mRNA has a very Tong half 14fe as

there was no apparent decay by 30 hr of chase.  There was a large scatter

1n the pofints’ and this made {t d1ff1cu1t to calculate an exact half lifb ‘
Yo

In thq case of day 11. 5 AFP~nRNA decay was also measured using§§he poly o

(a)* fraction AFP mRNA, shoued a long half Tife, but the scatter appeared’
to be-reduced. These - results denonstrated that this mRNA. species was |
preferentiatly stabilized in the yolk sac and the half Tife of AFP mRNA

did not appear to change during gestation
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‘of the zero time value (X-X).

Figure 27. Decay kinetics of total and poly (A)+ RNA in the yolk sac
explants obtained from different gestational stages. Yolk sacs at |

different days of gestation were incubated in medium containing [5, 6-3H1
uridine for 4 hr, at which time some of the yo]k;sacs were frozen. These.
were the zero time samples The remainder of the yolk sacs were placed
into chase medium and incubated further. Samp]es.were takeh at indicated
times and frozen. RNA was .extracted from thé samples by the SDS-phenol
method. The specific activity of the total RNA was determined by

measuring the concentration and radioactivity as described in Materials

_ and Methods and p1otted as a percent of the maximum value (e-t). which

was usuaily the zero ttme’ point The tota1 RNA was fractionated into

po]y (A)* and boly (A) fractions by. oiigo d(T)¥cellulose chromatography

and the proportion o? the retained radioactivity to the tota] redio-
,pi .
activity appiied wes determined This value was piotted as a percent
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Figure 28. wDecqy kinetics of AFP mRNA in yolk sac explants obtained

from various stages of gestation. The plasmid pAF-7 was immobi]ized

on nitroce]]u]ose membranes and 1abe11ed RNA prepared as described in
Figure 27, was hybridized under conditions described in Materials and
Methods. In part A, day 11.5 yolk total RNA,. 64 ug RNA conta1n1ng

3-8 x 10% cpm were added to each reaction In part C, day 15.5 total

RNA, 77 ug with 6-10 x 10° cpm, and in part D, day 17.5 total RNA,

7 159 ug with 1.5-2.5 x 10% cpm were hybridized to filter bound DNA.

In part B, the poly (A) RNA 1solated from day 11.5 total RNA had 0 7
to 4.7 x ]05 cpm added to each hybr1d1zation reaction. Dup]icate
samples were hybridized for each time point. The cpm boudd ber g RNA
'hybr1dized was determined and thelresults were eipressed as a percent

N

of the maximum bound value.'

]
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The half life of the various RNA fractions were tabulated for the
different days of gestation (Table 5). In the‘case‘of total RNA, the
best 1ine was extrapolated to 50% decrease and the value taken from the
.graph. At day 11.5 and 15.5 there was apparently no change in the half
Tife of total RNA but by day 1775 there appeared to be a 33% decrease.
The variation in the points for total RNA decay was smai], sg this change
could represent a real difference. The rapidly decaying component of -
the po]y (A) RNA for day 11.5 and 15.5 passed through 50%, so the half
Tife could be determined directly. = The decay of the second component of
. the po]y'(A)+ was not measured. The scatter in the points for day 17.5
poly (A)+ RNA decay was large; therefore a2 best line was determined o
methemétically and a-Half life calculated. The half life of the day
17.5 mRNA populetidn was at leaet double that of the earlier days. For
the determination of the half life of AFP mRNA, lines were drawn which
best represented the decrease in fi]ter bound radioactivity and these .Y
lines were extrapolated to 50%. Due to the large var1at1on in these
'points, it was diff{cu1t to determine if there was any significant
.difference'betWeen-the half livee at different days of gestetion
These values suggested that the half 1ife of AFP mRNA in the yolk sac
was greater than three days.

Tq ensure :the specificity’of the filter hybridization assay, various
control experiments were done (Table 6)."In theee experiments, samples
were bound to plasmid bound filters. a blank filter and a chiEken DNA
containing filter (Table 6A). The radioactivity bound to the blank

and chicken DNA was essentially background. The plasmid containing
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filters bound rédioactive RNA 10 fold over the control filters. In all -
experiments, the bound activity was calculated by Subtracting the -
background activity. The background binding of radioactive RNA to the
filters was determined using én RNA which theoretically has no sequences
complementary to mouse AFP (Table 6B). ' The counts bound to both the
blank and plasmid containing filter were essentially at background levels.
cDNA made from AFP mRNA was Bybridized to prbvide an estimate for the
| efficiency of the binding assay (Table 6C). The efficiency was
‘calcu1ated to be 13.5%. Thesé results indicated that the radioactive

yolk sac RNA bound to the plasmid insert specific for AFP mRNA."

C. Discussion
a-Amanitin had a profound effect on protein synthesis in the yolk
sac explants. Thé-ang]ysis of the protein synthesis in the g-amanitin

treated sample showed the presence of many major proteins and a lack of

many m1n6r ones. The proteins which are probably required for specialized
functions seem to have more stable mRN¥'s'than the minor "housekeeping"

proteins. The proteins wh1c§ appeared to be coordinately expressed (AFP, .

Tf,.X and Y') apparently have MRNA's with long‘half lives. During the
coursé‘of'o@aman1t1n t;eatment, AFP synthesis did not appear to change
and this led to a 2 fold {ncrease fn fhe synthesis of AFP relat to

that of other protefns. This indicated that the half 11fe of AFF mRNA
s greater than most other_yolk,sac'mRNA's and was greater than 25 hr.

© The pulse and chase methodolpg} ::; used tb determine the half life

of the total RNA, poly (A)+ RNA and AFP mRNA. The initiation of the

chase was effective as isotope incorporation 1nto_RNA was stoﬁped by 10
min. The tdta] RNA population showed a long haif life at each-day of

e
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gestation, as was expected sinte total RNA is mostly rRNA. There was
a slight'reduction in stability at day 17.5. This is likely due to
rRNA constituting a sma!ler proportion of the total RNA population at
day 17.5 than at earlier days of gestation as rRNA s%nthesis was low at
day 17.5.

The decay of poly (A)+ RNA showed the presence of two components
of different stability at day 11.5 and 15.5, although thisibehaviour is
not quite as obvious at day 15.5. Similar results have been found in
other systems (127). The half 1life uf day 17.5 poly (A)* RNA appeared
to have'on1y One component and was approximately double that of day 11.5
and 15.5. © This indicated that mRNA of high stability was synthesized
at late stages of gestat1on The increase in stable mRNA s other than
AFP could account for the decirease in relative synthesis of AFP near

birth
To determine the half life of AFP mRNA the filter hybr1d1zat1on

assay mas used To show that this assay was specific for AFP mRNA,
several control experiments were'done The resu]ts show that yolk sac
total RNA would bind to the pAF- 7 DNA but not to b]ank or chicken DNA.
Furthermore radloactive RNA from a non-AFP producing cell Tine would
not bind these filters. The melting point (Tm) of the filter bound
hybrid was 88°C (personal comunication, G. Andrew§: University of
Calgary), 1nd1cating that there was a great dea] of sequence homology
between the RNA and DNA (140).  We therefore conc]uded that the assay
was detecting only AFP mRNA sequences.

The results of the hybridization experiments showed that the half
life of AFP mRNA was very long. An accurate determination of the half

~ life was not possible as the yolk sacs could not be re]iab]y cultured



for longer thgn 30 hr. Accurate analysis was further hampered by the
degree of varfation 1n the'assay. Therefbré 1ines which best represenfed
the decay of AFP mRNA were drawn and extended to obtain values for the -
half 11fe. The half 11fe obtained for AFP mRNA was greater than three
days. There is no app@rent change in AFP mRNA stability during
gestation. Therefore the decrease in AFP synthesis near birth {$ not
due to a destabilization of the mRNA which has been .found 1in various
inducible systems (169, 127). The half 1ife of AFP mRNA in hepatoma
cells was found to be 40 hr (97). Although this value is lower than
that‘fbund ¥ the yolk sac, in both cases, this message s far more stable
than the other mRNA's found in these two cell types.‘

The stabilfity of AFP mRNA .must be 1mp6rtant for the changes 1in
relative amouht of AFP.qRNA during gessation.
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CONCLUSIONS
’ The yolk sac surrounds the fetus from day 9.5 to term. During

this period there is a general decrease in the synthesi; of DNA, RNA,
and protedn with a concoﬁitant increase in the relative synthesis of
a small group of secreted proteins. These results provide biochemical
evidence thatvthe yolk sac 1sAgoing tﬁrough a process of terminal
differentfation. | _

AFP {s the major protein synthésized and secreted by the yo1k,saé.
The Tevel of AFP synthesis is apparently regulated by the proportion
~of AFP mRNA. The great stability of AFP mRNA plays an important role in
regulating the level of AFP mRNA in the yolk sac during gestation.

| AFP 1s the major sécretory'protein-of-the yolk sac. The

inhibftion of AFP g]ycosylation‘by‘tunicémycin reduced the micro-
heterogenefty of AFP but did not affect AFP secretfon. This 1nd1cafed
that glycosylation fs not.réqu1red for AFP secretion.

The yolk sac._therefo;e, appears to be a useful system to study
the regulation of terminal diffe#fntiation, AFP gene expression and

AFP secretion.
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