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ÀBSTRACT

STRUCTURAL CHARACTERIZATION OF COMPLEMENTARY DNA CLONES TO
RAT PLACENTAL LACTOGEN rr MESSENGER RNA. K. t" Kirkr
Dept. of Physiology¿ Faculty of Mediciner University ofManitobar tlüinnipegr Manit,obar Canada.

Placental lactogen (pr), growth hormone (en), and

proractin (pnr,) form a set of mammalian hormones known as

the PRL-GH gene family" The three hormones have evolved

from a common ancestral gene by gene duplicatíon" The

PLrsr PRLrsr and GHrs share similar biologicalr
immunologicar and structurar properties. The hormonesr pRL

and cH are produced by the anterior pituitary while pL is
produced by the placenta. Human pL is werl--characterized
and has been found to be remarkably simírar to hcH" Little
is known about pLts in other species.

In the ratr two forms of rpl, exist. The large
molecular weight, formr found at mid-pregnancy, is called
rPL r while the small molecular weight form produced by the
late pregnant placenta, is called rpl If" In order to
facilitate studies on the structure and regulation of rpl,

ff¿ cDNA clones to rPL II mRNA hrere isolated from late
pregnant rat placenta"

In t,his studyr the primary structure of rpl II \.¡as

determined and compared to other members of the PRL-GH gene

family" The rpl, rr cDNA clones were mapped with restriction



enzymes and subcloned int,o M13 vectors" The nucleotide
sequence of the recombinant subclones hTas determined via the

sanger dideoxy chain termination met,hod utilízíng [,t s] and

buffer gradient sequencing ge1s" The nucleotide sequence

data hras analyzed by computer.

The nucleot,ide sequence of the rpL rr cDNA clones

transrated into a single open reading frame. The cDNA

showed a slight preference for c or c in the codon thírd
position, rike pRL¡s but the termination codon and 3r

untranslated region were unique. Rat pL rr contains a

hydrophobic signal sequence characteristic of secreted
proteins. At the nucleotide levelr rpl. rr is approximaÈely

60t homologous to the pRL I s but only 40% homologous to the

GH I s and hPL. Rat PL rr is 40% homorogous to the pRL r s and

only 20% homologous to the GH I s and hpL at the amino acid
leveI" Rat PL rr contains four half-cyst,ine residues. rike
the GH I s but the coding region terminaLes at the final
half-cysLine residue like the pRtts" The two trypLophan

residues which are highly conserved in the pRL's are found

in rPL rr " EvoLutionary anarysis revealed that rpl rr is
more closely related to the pRL'sr unlike the GH-like hpl,"

Further¡ rPL rr evorved from the pRL!s earlier in mammalian

evorution than t,he gene duplication of hcH that produced

hPt" Therefore¿ pl,rs have arisen at reast twice in the

evoLution of placentai. mammals.



ï" INTRODUCTTON

A" The Placenta As An Endocrine Organ

During pregnanclr dramatic endocrine readjustments

occur" At the turn of the centuryr invest,igators suggested

that, the placenta acted as a ne$J endocrine organ"

Bouchacourt ( fgOZ ) first postulated that the placenta

acted as an endocrine organ during pregnancy since newborn

infants of either sex occasionally secreted "witch r s milk"
from their mammary grands and women treated with so\,\r

placental extracts lactated. Halban (fgO¿; 1905; 1909)

later suggested that the endocrine changes thaL occurred

during pregnancy could be attributed to the appearance of a

new endocrine organr the placenta¡ rather than to the

alt,ered function of pre-existing endocrine glands"

rn 1913r Aschner reported the presence of luteotropic
activity in pracental ext,racts" taterr Àscheim and Zondek

(l-927 ) described large amounts of a potent gonadotropin in
the urine of pregnant hlomen" The substancer which they
called "prolan"¡ was capable of producing follicular growth

and luteinization in immature mouse ovaries" The hormoner

now knor+n as chorionic gonadotropin (hcc), was the first
placental protein hormone to be identified and

characterized.

1-
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Human cc belongs to a crass of glycoprotein hormonesr

which includes pituitary Iuteinizing hormone (f,H),

foIlicle-stimulating hormone (rsn), and thyrotropin (rsH¡.
The hormones share similar structural¿ biological and

immunologicol properties"

Human cG has a molecurar weight of 36-40 K dartons
(eot and Bourrillon¿ 1960)" Approximately 30% of its
weight is due to carbohydrate (eaht et aI.¿ Ig72)" The

hormone is made up of two dissimilar subun its ¡ known as

the c-subunit, and B-subunit (Swaminathan and Bahlr 1970).

The a-subunit is shared by all the members of the class of
glycoprotein hormones" Although t,here are minor differ-
ences in the carbohydrate compositionr the a-subunits are

funcdionally interchangeable (eierce et al.r I971). The

specificity of the hormones lies in the unique B-subunits.
The hcc B-subunit is unlike any of the other Ê-subunit,s.

The major function attributed to hcc is the stimu-
lation of steroid production by the corpus lut,eumr placenta

and the fetoplacental unit (chatterjee and Munrot r97Ta).

Placental gonadotropins have been reported in other
primates (simpsont 1945; Hampton and Hampton¿ 1g65; Turlner
and Hertz t 1966 ) Uut none have been isolated. Although

there have been severar reports of hcG-like placental
hormones in subprimates (Forsyth t L974') t pregnant mare
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serum gonadotropin (p¡{sc) is the only subprimate gonado-

tropin to be isolated and purified (Bourrillon and Gotr

1959; Gospodarorvicz t L972) .

Following the discovery of "proIan" or hcc by Ascheim

and Zondek (1927), Nradruzza (1927) suggested t,hat the

pracenta contained substances other than gonadotropinsr

since implantation of pracental homografts in virgin guinea

pigs caused a ractational response" rn 1936r Ehrhardt \"ras

the first invest,igator to demonstrate prolactin-Iike
activity in human placental extracts.

studies on the rodent during the r93ors reveared that
the placenta prayed a crucial rore in the second harf of
gestation" Pencharz and Long (1933) found that rats
hypophysectomized before day 11 of pregnancy or ovariec-
tomized at any time during gestationr aborted or resorbed

the fetuses" Newton and Beck (1939) obtained similar
results in mice. Selye et aI" (1934; 1935) discovered that
the placenta l¡as essentiar for mammary gland development

and post-partum lact,ation in rodents. rn l93Br Astwood and

Greep found that rat placental tissue maintained pseudo-

pregnancy in rats"

rn the following decades¿ the synthesis of steroid
hormones by Èhe placenta, 

"torr"¿ and in collaboration r.¡ith

t,he fetus¿ lrâs welL-characterized (oiczfaiuslr 1953 ) "
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studies on the rore of the placenta in peptide hormone

production subsided after the 1930's. The invesÈigation of
placental endocrinology was impeded due to the unique

characteristics of the placenta, classical t,echniquesr

such as abration and replacement treatmentr v/ere not
feasible even though the extirpation of other endocrine

organs had led to the first evidence of the endocrine

funcLions of the placenta. Alsor âs purified hormones

became availabler emphasis was placed on the study of the
pituitaryr adrenalsr gonads and their target organs.

rn the 1960rs¿ interest in placental endocrinology was

rekindled" Fukushima (fg6f) demonstrated growth hormone-

like activity in human placental extracts. subsequentlyr

Kuroqaki (1961), Ito and Higashi (1961) and Higashi (196I)

found evidence of prolactin-like activity in human

placental tissuer confirming Ehrhardt,rs (1936) earlier
observations" However¡ it was Lhe discovery of a substance

in human term placenta and retroplacental blood which

immuno-chemically cross-reacted wit,h antiserum to the
pituitary hormone¿ hGH, by Josimovich and Maclaren (1962) t

that led to the revivar of interest in the function and

distribution of mammalian placental hormones"

The subst,ance isolated by Josimovich and Maclarenr had

PRL-like activity in the pigeon crop sac assay and
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stimulated epiphysear growth in hypophysectomized rats with
about 1A of the potency of hcH.

Kaplan and Grumbach (1964) confirmed the report and

further demonst,rated that the hGH-like antigen vras present

in the placental syncytiotrophoblast. Thereforer they

cal1ed the prot,ein "human chorionic growth hormone-

proractin" (rrcep). The hormone has arso been called human

chorionic somatomammotropin (hCS), human chorionic
mammotropin (hCM), human placental prolactinr and human

purified placental protein (ppH)" In this thesisr Ëhe

hormone will be called human placental lactogen.

By exploiting the immunorogical cross-reaction between

human placentaL extracts and antisera to hGH¿ several

investigators isorated and purified hpl, to homogeneity

(Xap1an and Grumbacht L965; Friesen¿ 1965).

Human PL is a single chain polypeptide with a

molecular weíght of 2Lr600 dartons (r'roriní et al.r 1966;

Andrei+s t 1969; Li t r97o) " The protein is composed of 19r

amino acids" The complete amino acid sequence has been

determined (Catt et a1"r 1967; Li et aI.r L}TL; Niall,
l97L; Nial1 et aI"r l97I; Sherwood eL aI.r 1971). The

amino and carboxyl termini are occupied by valine and

phenyralaniner Eêspectively" There are four harf-cystine
residues¿ êt positions 53¿ 65t 1BI¿ and lBBr r¡hich form Lwo
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intramolecular disulfide bonds.

carbohydrate or lipid" Human pL

and subsequently processed to the

observed in maternal serum (eoime

aI"¿ 1977)"

The protein contains no

is formed as a precursor

2lt600 dalton form

et al"r 1976; Birken et

Human GH and hpl, are remarkably similar, Human GH and

hPL share a common molecurar weight and amino acid
composition" comparisons of the complete amino acid

sequence of hpl and hcH have revealed that 85% (16Z /IgI) of
the amino acid residues are identicar (Níall et ar.¿ L97rt
rg73; sherwoodr Lg67; sherwood et aL.¿ rgTr; Niarl t 1972¡

Li et al"r 1971)" Of the 24 remaining residuesr 1g are

"highly acceptabre replacement,s" (Bewrey and Lir lg74)"
The rìumber and location of half-cystine residues for
disulfide bond formation are identical. Although the

chemical similarity extends throughout the entire poly-
peptide chain¡ there is an even greater degree of identity
at the carboxy terminus" warlis and Davis (1976) have

observed that hPL resembles hcH to a greater extent than

any other known mammalian GH resembles hGH. Human pL is
also homologous to hpRl,r although the homology is not as

great as that seen betv¡een hpl, and hGH (f,i et. al.r l-97l-¡

Bewley and Lir 1974) "
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Based on the comparison of t,he amino acid sequences of
hPL¿ hGH¿ bcH and oPRLr Niall (nialt et al"r lgTL; Niallr
L972) and Aloj et al" (1972) have hypothesized that pRL, cH

and PL form a famiry of hormones that have arisen from a

common ancestor.

The three hormones are related immunochemicarlyr

functionallyr structurallyr and evolutionarily. Howeverr

they do differ in the temporal pattern of appearance and

site of synt,hesis and secretion. Bewley and ti (I974)
postulated that a common ancestrar gene dupricated and gave

rise to prolactin and another ancestrar polypepLider the

latter subsequently gave rise Lo growth hormone and hpL

through another gene duplication and subsequent mutation of
each \independent gene" rt is more likely that the more

primitive polypeptide hras similar Ëo prolactin¡ since'
prolactin is found throughout vertebrate species (Nicolrr
1980)" Dayhoff et aI" (L975), proposed that hpL arose by a
relaÈively recent duplicat,ion of the hcH gene since it is
so similar to hGH at the amino acid 1eve1"

In addition to hCG and hpl.'¿ several other peptides

have been found in the human placenta and peripracent,al

tissues (table 1)" some of these peptides are analogous to
pituitary hormones and hypothalamic rereasing fact,ors.
others have no known hormonal functions. The physiological
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roles of t,hese peptides in pregnancy are unknown" Gibbons

et aI. (1975) have suggested that releasing factors found

in the cyt,otrophoblast may Ioca1Iy regulate peptide hormone

secretion by t,he syncytiotrophoblast in an arrangement

analogous to the hypotharamic contror of pituitary peptide

hormone secretion.

B" Placental Lactogens

Following the identificationr purification and

characterization of PL in primatesr pL¡s $¡ere identified in
a variety of subprimate species by classical bioassay

methods" Howeverr with the development of radioreceptor
assays (nna) using membrane receptors for pRL and

lactqgenic hormones from the mammary gland (Sfriu et â1.¡

1973) and cH from pregnant liver (Tsushima and Friesenr

1973)t PLrs were identified and quantitated in a large

number of subprimates (Xelly et aL.r L976)" By utilizing
RRArsr PLrs v¡ere isoLated from the rat (Robertson and

Friesen (1975), sheep (Handwerger et al"r 1976; Chan et

aI"¿ 1976) and cow (golander and Fellows¿ 1976a). The

occurrence of subprimate pL I s is shown in Table 2"

In the subprimates¿ pLrs have been purified from the

co\,r¡ goatr sheep¿ fât¿ and mouse (raule 2), Rabbit pL was

reportedly purified by Bolander and FeIIows (l-9j6b),
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however rabbit placenta was not stimulatory in the in
mouse mammary gland assay (rorsyth t I974; Talamantesr

and no activity was detected in pregnant rabbit serum

the RRA-PRL (retty et aI,r 1973b).

vi tro

re75)

in

Although hp[. and other prímate pL's cross-react r+ith

antisera to pituitary cH (Josimovich and MacLaren t 1962¡

Kap1an and Grumbach t I964i Josimovich et aI. r Ig73) , none

of the subprimate pL I s studied so far has cross-reacted
r+iLh antisera to pituitary GH. Gusdon et ar. (rgzo)

reported that placental extracts from the ratr dogr pig,
horser sheepr rabbit and co$¡ cross-reacted r.¡ith antiserum
to hPt ín a hemaggrutination inhibition âssafr however this
report remains unconfirmed.

\of the few subprimate pL¡s isoratedr most are single
chain polypeptides with morecular weights of 2o-23r000

daltons and 2-3 intrachain disulfide bonds. Bovine pL and

the earry forms of rat and mouse pL are exceptions. Bovine

PL has a molecular weight of 35rooo daltons (erima and

Bremelr 1983) and the early forms of rodent pL are

approximately 40r000 daltons (Roberùson et aI"¿ lgg2;
soares et al"¿ 1982)" The prrs of the subprimate plrs
range from 5.7 to LB" several isoforms of bpl, (arima and

Bremelr l9B3) and rat pL (Robertson et al" r I9B2) have been
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reported. The amino acid composition of the subprimate

PLrs resemble the composition of pituitary pRL and cH.

ovine and rabbit pLrs contain 6 half-cystine residues
and 2 tryptophan residuesr like pituitary pRL (Hurley et
al"r 1977a; Borander and Felrows, r976b)" Bolander and

Fellows (1976a) initially reported that bpt contained 6

half-cystine residues and 2 tryptophans¿ like pRLrs.

Laterr Arima and Bremel (1983) reported that bpl, con-

tained only 4 harf-cystine residuesr like cH. A partial
amino terminal sequence of the early form of mouse pL has

been determíned (r,inzer et ar.r 1985)" Mouse pL rr does

not contain the two NHr-terminal half-cystine residues seen

in PRLrs" Hurley et aI" (tgll ) reported that rhe amino

acids found at cooH-terminal of op[, v¡ere identical to ocH

( Cys-A1a-Phe-OH ) .

Secret,ion of Placental Lactogens

The secretion of pL I s varies during the course of
gestation and patterns of reLease differ among species.
Human PL is first observed in the syncytiotrophoblast at
day 18 of pregnancy (eeckr 1970). The hormone is first
seen in maternal serum between days 20 to 40 (Grumbach et
al " r 1968 ) " The serum concentrations increase linearly
untíI week 32 of gestation and then plateau for the
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remainder of the pregnancy. Human pL is the most abundant

protein synthesized by the third trimester placenta (xaplan

et ar " ¿ 1968 ) " The term placenta produces r-2 grams of hpl,

per day" The concentration of hpl in serum at, term is 5-ro
micrograms per míIlílitre (Grumbach et al"r 196g)"

No diurnal variations in hpl secretion have been

observed (Gaede and Norgaard-pedersonr lg74; Spellacy et
aI " r l-97l-) t although plasma levels undergo frequent
spontaneous fluctuations (Vigneri et al"r I97S)" TwÍn

pregnancies result in higher levels of hpL in the blood

than simplex pregnancies (Spellacy eL al.r lgTg).
The majority of hpl, is secreted into the maternal

circuration. Fetal plasma Ievels of hpl, are 1? of maternar

Ievels (xaplan and Grumbach, 1965).

Kelly et al " (lglø ) found in a number of species
(hamsterr Çoatr sheep¿ monkeyr human) tfrat t,he serum

concentration measured by RRA-pRL began to rise at or

before midpregnancy and remained eLevated until term. rn

other species¿ pL leve1s gradually declined after peaking
just beyond midpregnancy (guinea pig) or showed two peaks

of activity at mid- and late-pregnancy (ratr mouse), There

have been conflicting reporLs on bpt concentrations in
maternal serumr however using the NbZ lymphoma cell
bioassayr schellenberg and Friesen (1982) have demonstrated
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that maternal serum bovine pL is absent or present in only
very low concentrations (< 1 ng/m1). Fet,al serum bpL

levers v¡ere between 5 and 22 ng/mr at about six months

gestation" Thusr fetal levels v¿ere considerably higher
than maternar levelsr suÇgesting that, bpl, may be invorved
in fetal growth" Chan et aI. (1976) have shown that fetal
peripheral serum concentrations of opL $¡ere higher than
maternal levels between days 50 and go of pregnancy.

The mechanisms whích regulate pL secretion are not
knownr although it is probably not autonomous. The rate of
PL secretion is not simply a function of placental mass

since serum concentrations of hpl, do not correlate with
placental mass (Grumbach et al.r 1968) anA pL secretion in
rat,s'and mice is phasic (xelty et al.r 1976) while
placental mass increases throughout pregnancy" There is
indirect evidence that hpt, secretion is regulated by

specific control mechanisms"

Prostaglandins (ylikorkala and pennanen t 1973) t

epinephriner norepinephrine (eelIeville et al.r rgrg), ions
(Choy and Vtatkinsr Lg76), and hormones (Talamantes et af.r
1980) have been shown to modify hpl, synthesis and release
experimentallyr }¡et Lhe physiological regulation is not
understood. unlike pituitary pRLr pL's do not appear to be

regulated by dopamine (¡"lartal and Djiane t J 9j7).
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The biological act,ivities attributed to pL¡s appear to
vary among species" pRl-like and GH-rike activities have

been demonstrated but interpretation of the studies of the
biological actions of these hormones i s further
complicated by heterologous bioassays of crude

preparations. The pituitary hormonesr GH and pRL¿ vary
functionally from species to species (¡qicorl t L9B2).

Pituitary pRL levers are 1ow during pregnancy (xelly
et al"r 1976) and the pRt,-líke pl,rs may be taking over

specific funct,ions of the pit,uitary hormone during
pregnancy" The pLrs may be involved in mammary gland

development in preparation for postpartum lactation¿
reguration of ovarian steroidogenesis for pregnancy

maintenance and promotion of fetar growth (chatterjee and

Munro t L977a) "

Human PL is mammotropic and lactogenic in experimental
animals (Josimovich and MacLaren t 1962; Li t !972¡
chatterjee and Munro, r977b; ways et al"¿ rgTg; Friesenr
1966) and competes for the same recepLors as hpRL in Lhe

rabbit mammary gland RRA (Shiu et al.¿ 1973). Hor¿ever, hpl
has not, been shown to contribute to normar mammary develop-
ment in humans" All of the subprimate pLfs investigated
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have demonstrated lactogenic activity in bioassays and t,he

RRA-PRL (raUle 2).

Human pL appears t,o be luteotropic in rats (Josimovich

et aI.r 1963) and mice (Talamantes et al.r Ig77) but hpl,

alone does affect steroidogenesis in v¡omen during the
l-uteal phase of the cycle (Stock et aI.¡ I97l). Monkey and

baboon PL'sexert luteotropic effects in mice (Josimovich et
al"¿ r973i r974)" Rodent pLrs have ruteotropic properties
(elank et aI.r Lg77)" Administration of opr, to pseudo-

pregnant rat,s prevents the loss of LH receptors in t,he

corpus luteum and the pcF2c induced drop in progesterone.
(chan et al.¿ 19BO)" It"tl]-opt binds specifically to
corpus luteum membrane fractions (Chan et aI.r L976,)"

Therdfore, opl, may affect ovarian function" Howeverr in
the pregnant ê\.rrêr no relationship has been found between

progesterone lev.ers and changes in opt concentrations
(xelty et aI.¿ L974a)"

Human PL has growth-promoting activity in hypophy-

sectomized rats but it is much less potent than hGH

(Josimovich and Brande t 1964; ti t I972; Friesenr 1965 ).
The somatot,ropic activity of hpl, in humans is unclear but

it is generally agreed that hpl, has very rittle growth-

promoting activit,y in humans (Josimovichr 196g; McGarry and

Beckr L972) "
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ovine PL exhibits much greater somatotropic activity
ín rats than hPL" rn hypophysectomízed ratsr opl, had 1"5

times the somatotropic activity of bcH in terms of body

weight gain (chan et aI.r L974; Handwerger et aI,¡ rg74)

and tibial v¡idth increase (slank et al-"r rg77). rn the

RRA-cHr oPL was equipotent to hcH (Chan et aI.r I9j4¡
l'larta1 and Djiane t 1977) " Ovine pL binds in the RRA-GHr

when human liver is the source of receptor (Carr and

Friesent L976)" No other non-primate GHrs have been shown

to bind to human receptors. Non-primate GHrs are not
growth-promoting in man. ornithine decarboxylase (oDc)

activity is stimulat,ed by opf, in the liver of lat,e fetal
and neonatal rat,s (Hurley et al.r Ig79) "

.The PLrs may play a role in t,he metaboric adjustments

that occur during pregnancy" There is indirect evidence

that like hGH, hPL may affect FFA (Talamantesr 1975) t and

glucose (tyson et al"r l-97lb) levels in the maternal serum

thereby promoting fetal growth" rn sheepr opl, causes a

decrease in plasma FFArsr glucose and amino nitrogen level_s

(Handweger et al"r 1975)" This is opposite to effects seen

in humans following administration of hpl, and hcH (Grumbach

et aI. ¿ 1968 ).
Hurrey et al. (L977 ) have suggested that subprimate

PL¡s have arisen from pRLr not cH rike hpl,r since they
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appear t,o resembre pRL I s more than GH r s structurally and

biolog ically "

C" Rat and Mouse Placental Lactogens

Placentar lactogens in t,he rat and mouse v¡ilr nor¡ be

discussed in some detail, The foundation for pL research

was laid with the early studies in the pregnant rodent.
Pencharz and Long (1933) found that hypophysectomy during
the second harf of gestation díd not terminate the

pregnancy" Hypophysectomy in the first half of pregnancy

or ovariect,omy at any time led to abortion or fetal
resorption" Newton and Beck (1939) obtained similar
results in mice" In 193g¿ Astwood and Greep demonstrated

that'rat placentar tissue st,imulated the corpus ruteum to
secrete progesterone and thusr pseudopregnancy was

maintained" They attributed the luteotropic act,ivity to
fetal placental tissue.

Selye et al" (1933) concluded that the pituit,ary gland

r.¡as not essential for the maintenance of preÇnanclr since
in their experiments normar pregnancy and parturition took
place in hypophysectomized rats. In subsequent

experiments¿ Selye et aI. (1934; 1935) suggest,ed that the
placenta $¡as important for mammary growt,h in the second

half of pregnancy in the rat since hypophysectomy and
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fetectomy did not affect mammary grand development.

Mammary development and transient lactation at parturition
was observed by several investigators in rat,s (pencharz and

Longr 1933; tyonst L944; Leonard, rgâs) and mice (serye et
aI " ¿ 1933 t 1934; Newton and Beckr 1939; Newton and

Richardsonr 1941; Gardner and Allent 1942)t following
hypophysectomy at mid-pregnancy. rn rats and micer the
placenta \"/as known to be important for mammary developmentr

since fetectomy or ovariectomy did not prevent mammary

gland development unless a functional placenta v¡as not
ret,ained (tter+ton and Beck¿ 1939; Lyons t L944; Leonardr

reâs) "

fn Lyonfs experiments (lyonst L944)t synergism between

o.r"rìun steroids and rat pracentar ext,ract,s¿ in stimulating
mammary Iobulo-alveolar growth and lactationr $¡as

demonstrated. subsequent studies confirmed t,he rore of the
mid-pregnant rat pracenta in mammary development. canivenc
(1951) demonstrated Èhat day L2 placental tissue $¡as

luteotropic and mammogenic. The placental tissue from day

12 stimurated the proriferation of pigeon crop-sac
epithelium" Ray et al" (1955) showed that day 12 rat
placenta was luteotropicr mammotropic, lactogenic and

weakly crop-sac stimulating"
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Mayer and Canivenc (fgSO) reported t,hat autografts of
placenta onto the intestinal mesenteries of mid-term

hysLerectomized rats maintained mammary gland development.

Foulds (rcagt 1954; 1956) observed accelerated mammary

tumor growth in mice during pregnancy, cerruti and Lyons

(fgeO) found Ëhat mid-pregnant mouse placenta had

mammotropic and lactogenic effects¿ similar to those in
rats

Àfter hypophysectomy and fetectomy at day L2 of
pregnanclr corpus luteum function hÌas maintained in mice

(oeanesly and Newtonr 1941). Removal of the placenta led
to corpus luteum degeneration with or r¿ithout the presence

of the pituitary.
'Averíll et al. (rgso) found that pregnant ratsobort or

resorb the fetuses if rat pracentar extracts Í¡ere injåcted.
Howeverr ovariectomy and hypophysectomy led to the

termination of pregnancy and placental extracts could not
overcome this effect" Averill and associates reported that
the híghest amount of luteotropic activity was present in
day 12 placental tissue. These early studies demonstrated

that the placenta played a critical role in mammary

development and luteotropin production in the second half
of gestation"
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Following the isolation of hpl in 1962 (,losimovich and

Maclaren t 1962) t interest in rodent pL was revived.
Matthies (L967 ) confirmed Lhe work of che early
investigators" Rat placenta possessed a lactogenic
substance which he called rat chorionic mammotropin (rcu¡ 

"

The highest luteotropic and lactogenic activity appeared in
maternal serum at day 12" Cohen and GaIa (1969)

corroborated MatÈhies report.
Desjardins et al" (1968) found that fetectomy on day

16 of pregnancy had no effect on the weight¿ DNA or RNA

content of mammary glands removed on day 2r. complete

abortion reduced mammary weíght Lo control non-pregnant

levels by day 2I" Nagasawa and yanai (fgZf) found a
posit'ive correlation in mice between the number of
placentae and fetuses and the mammary deveropment at å"y 19

of gestation. PLacentas and fetuses were removed at day g

of gestat,ion" Grafts of mouse pracenta over mammary glands

of female virgin mice primed with estrogen and progesterone

had mammotropic effects (Kohmoto and Bern¿ 1970).

As already mentionedr Shiu et al" (1973) Aiscovered

two peaks of activity in pregnant rodent serum in the

RRA-PRL" The second peakr appearing in the serum at Late
pregnancy had not been reported previously. Matthies
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(I974) and Talamantes (L975) later confirmed the report of
Shiu and his associates.

Kelly eL aI" (L975) further characterized the two

peaks of lactogenic activity in the serum and placental
t,issues of pregnant rats" Maximal activity in serum in the
RRA-PRL occurred bet,ween days I1-I3 and days I7-2L of
pregnancy" rn placental tissuer peak concentrations of
lact,ogen were found between days 15 and 17. By gel

filtrationr the early and rate peaks of activity had

different molecular weights. The erectrophoretic mobirity
v¡as different too. Day 12 serum rpL had a half-time
disappearance rate of 19.5 minutes whereas rpl. in the serum

from days r7-2r had a disappearance rate of 1"2 minut,es.

'The heterogeneity of rpL v¡as perprexing" rn the RRA-

PRLr peak lactogenic activity occurred betv¡een days 15 and

L7 (xerly et aI. r r975) " Matthies (L967 -, !974) reported
that, day L2 pracental extract,s had the highest iuteotropic
and lactogenic activity but he found no luteotropic
activity after day 14" The heterogeneity could not, be

resolved in the RRA-PRL since the assay did not measure

luteot,ropic activity" KeIly et ar. (197s) suggested that
t,wo forms of rpl,r with different bioactivitiesr could

exist "
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Robertson and Friesen (lgZS) partially purified the
rPL in day r7-r9 placenta, They reported a l3oo-fold
purification based on the bioactivity of the material in
the RRA-PRL" The partially purified rpL was 4lz as active
as oPRL and 1698 as active as hpl,r in the RRA-PRL. The

late pregnant rpl, had a molecular weight of 22tooo by sDS-

acryramide gel erectrophoresis and lgrooo by ge1 filtration
on Sephadex G-100r r.¡hereas Robertson et aI. (f ggO) reported
that the predominant rpl in mid-pregnant rats had a
molecular weight of 40r000-50rO0O daltons.

rn r:981 r Robertson and Friesen deveroped a RrA to the
rPL in Late pregnant rat pracenta" No pLrs¡ pRtrs or GHrs

looked at cross-reacted in the RIA" By RIAI only the

20ro00 daLton rpL found in late pregnant rat serum !¡as

detected" The 40ro00 to 50r0oo darton form from mid-'
pregnancy did not cross-react" Robertson and Friesen
(1981) suggested that since the two forms differed in
immuno-reactivityr they could be unrelatedr distinct
hormones "

Two Forms of rpL

Robertson et al " (1982) further characterized the two

forms of rPL" They called the rarge molecular weight formr

found at mid-pregnancy¡ rpL r whire the small molecular



24

s¡eight form in late pregnant rat,sr rtrês called rpl, ïI. The

different molecular weighLs of the two forms of rpt, r{rere

confirmed on SDS-PAGE (Robertson et aI.r 1982)" Upon

isoelectric focusingr rpL r had an isoelectric point of
4-5" The rpt, rr existed in Lhree isoforms with pr values
of 6"o, 6"2 and 6-4" Both rpl¡s were active in the Nb,
lymphoma celI bioassay (Tanaka eL al.r lgBO) tor lactogenic
hormones" The lactogenic effects of rpl, rr in the bioassay
were blocked by antísera to rpl rr. The levels of rpl, r
could be measured specificarly ín the Nb, lymphoma celr
bioassay by adding antiserum to rpRL and rpL ïr because rpl,
r does not crossreact with either antisera. rn this
sensitive bioassayr rpl. r was first detect,ed in the serum
at day I of pregnancyr peaked at day IZ and disappeared
after day 15 "

Robertson et al" (1982) compared the activities of the
tr+o rPLrs in the rabbit, mammary and pregnant rat liver
RRArs" Rat pL r was 3 t,imes more active than rpl, rr in the
rat liver RRA whereas rpl, rr \"ras 4 times more active than
rPL I in the rabbit mammary RRA.

Thusr rpl was shown Lo exist in two forms wíth
different patterns of appearance¡ half-time disappearance
ratesr molecular weightsr electrophoretic mobilitiesr ând

immunoreactivity (Robercson et a]. r 1982). The two forms
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may also differ in biological function.
differences between rpi, I and rpl, If is

A summary of the

shown in Table 3.

Mouse PL

Mouse pL If r^¡as purified by Colosi et aI. (1982) from
day 14-18 placenta" An rg4o-ford purificatíon $¡as

reported" Mouse pL rr is a single chain polypeptíde r+ith a

molecular weight of 23rooo daltons. The isoelectric point
is 7"1" The protein is reratively hydrophobic" The mpl rr
did not cross-react in RrArs for mpRL or mcH. rn the RRA-

PRL¡ mPt rr was 150% more active than opRL. rn the pigeon
crop-sac lactogenic assayr mpt, rr was equipotent to opRL.

Using a RIA for mpl Ïfr Soares et aI" (fggZ) reported
Lhat'the mpl, present ín mid-pregnant serum did not cross-
react in the RIAI although it hras detected by RRA-pRt.

Mouse pL rr has been localized to the cytoplasm of the
trophobrastic aiant cells of mouse placentae at days ro¿

L2t 15 and 18 of gestation by immunocytochemicar Lechniques

using anti-mpl rr antibodies (gatt and Talamantesr 1984).
rn r994r using the mpL rr RrA, soares et ar" detected

mPL rr in the serum and placenta of pregnant snell and Ames

dwarf mice" Alt,hough these animals are deficient in GH and

PRLr mPL rr levels were simirar to levels in normar mice.

the PL ín the dwarf mice was immunoLogícallyr eLectro-
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TABLE 3

Type of rPL
early
rPL I

late
rPL ÏI

Days of gestation

Serum t| (min)

Mol" Wt;
Sephadex c-100
SDS-PAGE

Isoelect,ric point

Activity
RrA (rp[, rr)
NbZ lymphoma

Rabbit mammary RRÀ

non-reactive active

8-I4

I9"5

40-50 K
40K

4"5

T2-2I

I"2

20K
20K

6"2

active

4"2

actÍve

ratio 0.35
Rht liver RRA

*from Robertson et aL.r 1992.
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phoreticallyr biochemically and biorogically identicar to
the mPL II found in normal pregnant mice.

The partial NHr-terminar amino acid sequence of mouse

PL II has been determined (linzer et aI.r 1985) and is
shown in Figure I " The partial amino acid sequence of the
secreted protein showed that mpl,r unlike pRLrsr does not
contain the t$¡o NH^-terminal half-cystine residues.¿

Secretion of Rat pL

Placental and serum levers of pL fluctuate throughout
gestation in rats" Rat pL r is present in the serum from

days I to 14 of gestation and rpl, rr from days 12 to 2L

(Robertson et al.r l-g}2)"

rCroze and Robertson (1985) studied the secretion of
rPL by primary celr cultures of placenta-decidua (pr): The

PD celIs from day 10 of pregnancy secret,ed rpl, r exclusive-
Iy. whereas day 13 pD celrs secreted rpl, rr. Day 16 pD

cells secreted only rpl, rr " soares et ar. ( rggs ) studied
the secretory products of rat trophoblast giant celLs in
vit,ro and found that rpL r and rpl, rr were secreted by the

same celIs" Day 10 trophoblast cerLs secreted rpl, rt
whereas day 11 trophobrast cells secreted rpl, rrr predomi-

nantly" Thusr production shifted between day ro and day 11

of pregnancy" The cultured cells did not shift from
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production of rPt r to rpf, rr in vitror r¿hich led the

authors to suggest that other factors are required for the
change "

Regulation of rpf, synthesis and secretion

, The secretion of rpl, I and rpL II is not simply a

function of placental massr since levers of the rpf,rs in
serum increase and decrease during pregnancy (sniu et al"r
]-973) as placental mass increases.

rndirect evidence indicates that neither form of rpl,

is regurated by dopaminer os pituitary pRL is. Kisch and

shelsnyak ( 1968 ) showed that administration of ergocornine
to rat,s after day 7 of pregnancy inhibited pituitary pRL

secretion" The pregnancy progressed normally suggesting

rPL secretion $¡as not affect,ed"

Regulat,ion of rpl, I synthesis and secretion
fn vitror rat, trophoblastic t,issuer obtained from

blast,ocyst outgrowthsr secreted rpl, r as earry as day 6 of
gestation (elasser and McCormackr 19BO)" Howeverr

trophoblast cells which !¡ere adherent to decidual tíssue in
vivo failed to secrete rpl r untir day 10" Based on this
studyr Jayatilak et al. (1985) suggested that decidual

tissuer possibly deciduar luteotropin, inhibited the
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secretion of rPL I.

Regulation of rpl, fI synLhesis and secretion
Klindt et al. (f9B1t ISBZ) monitored serum rpl, II

levers in late pregnancy by RrA" Minute to minute

variations in the serum leveis suggested thatr rike
pituitary GH and pRLr rpÍ, rr was secret,ed in an episodicr
pulsatile pattern. The authors postulated that dynamic

contror of rPL rr secretion was occurringr perhaps by

fetal, maternal or local factors.
The pituitary may inhibit rpl rr secretion since

hypophysectomy of rats at, day L4 of pregnancy causes an

increase in serum rpl, rr levelsr above normar pregnant

levelsr by day 16 (Daughaday eE al.r l-gTg)"

Fetal factors appear to stimulate rpt, rr secretion
whereas ovarian factors are inhibitory" rn lggl r Robertson

and Friesen reported that serum rpt, rr concentrations
increased exponentially as the fetal number increasedr to a

maximum of nine fetuses.

Robertson et al" (r984a) further investigaLed the rore
of the fetus and ovaries ín the reguration of rpL rr
secretion' Fetectomy at day 14 of pregnancy decreased

serum rPL rr levels" Fetectomy and ovariectomy at day L4

led to an increase in serum rpl, rr concenÈrations" A
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concurrent decrease in placental weight vras observed"

Thereforer the decrease in rpt, If levelsr sêên with
fetectomy aloner hrâs not due to a decrease in placental
mass" Ratsr fetectomized and ovariecLomized at day l^4,

were treated with pimozide and rr B-estradiol. RpL rr
levels decreased¿ while rpRL levels increased. Hemi-

fetectomy at day 17 led to a rise in rpl, rr ievers whereas

totar fetecLomy ted to a rapid farl in rpl rr. Hemi-

fet,ectomy in conjunction with hemi-hysterectomy also 1ed t,o
a rapid fall in serum rpl rr" From these ablation studiesr
Robertson et al" (tgg¿a) concluded that the fetuses $/ere

required for Ëhe normal increase in rpl, rr leveLs in late
pregnancy "

'Robertson et al. (I9B4b) carried out further ablation
experiments to study the reguration of rpl, rr secretiðn.
Adrenalectomy and unilateral ovariectomy had no effect on

serum rPL rr concentrations" Hypophysectomy at mid-
pregnancy caused an increase in rpt rr leveLs in late
pregnanclr confírming the observations of Daughaday et al.
(1979). Bilaterar ovariectomy at day 14 or 16 of pregnancy

led to an increase in serum rpL rr. ovariectomy in
combination with adrenalectomy did not decrease the rpL rr
levels to those seen after ovariectomy alone. ovariectomyr
combined with progesterone and estrone or 17 B-estradiol
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treatmentr resulted in an increase in rpl rr revels as well
as reLention of the concept,uses. These studies suggested
that ovarian factors inhibited rpl, rr secretion rvhereas

adrenal and fetal factors \.¡ere stimulatory.

Biological Roles of rpl, f and rpl II
Like PRLr the rat pLrs appear to play multipre roles

during pregnancy invorving regulation of t,he corpus ruteumr
mammary gland development and possiblyr maternal metabolic
changes and fet,a1 growth"

rn the human, trr" placental peptider hcGr stimulates
production of progesterone by the corpus ruteum (chatterjee
and Munro t r977a). Human pL does not appear to act as a
lutedtropin in humans. fn the ratr a hormone similar to
hcG has not been found arthough there have been ,.rr.rå1
unconfirmed reports Lhat a pracental gonadotropin exists
(Haour et aI.r 19Z6; Cheng, J,}TS)"

The earliest studies in the rat by pencharz and Long
(1933) and Astwood and Greep (fgg8) demonstrated that a

placental hormone prayed a crucial role in the regulation
of corpus luteum function fot the maintenance of the second

half of pregnancy"
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The luteotropic requirements of the rat corpus luteum

change during its lifespan and include a variety of
luteotropic factors" The initiar formation of corpora

lutea requires the stimuratory surges of pituitary LH and

PRL on proestrous (mcr,ean and Nikitovitch-weinerr 1973).
The newry formed corpus ruteum is autonomous for a short
tíme (ucnida et al.r 1969)" Thenr the luteotropic require_
ment,s change and pituitary hormones become involved again,

Prolactin plays the key rore in maintaining corpus

Luteum function for arr of pseudopregnancy and the first
harf of normar pregnancy (MacDonard and Greepr 1968; smith
et aI " r 1976) . Mating or cervical stimulation induces t!¡o
daily surges of pRL" (Freeman et al.¿ I97 )¡ one suf,gêr

callêd nocturnal r occurs in the early morning and the
secondr cal1ed diurnalr occurS in the early evening
(Freeman and Neillt 1972; Smith et aI.¿ Ig75)" fn
pseudopregnancyr the surges cease by day 1l or r2t the day

before Èhe next cycle beginsr and pseudopregnancy is
terminated (Smítfr and Nei1l t 1976) " In normal pregnancfr

diurnar and nocturnal pRL surges are last seen on days g

and 11r respectively (Smith and Neillt 1976). The biphasic
surges of PRL are essential for the maintenance of elevated
progesterone until day 9t of pseudopregnancy (f,am and

Rothchildr 1977; Rothchild et â1"¿ rg74) and day 7 of
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normar pregnancy (ttadhwa naj and Moudgal t r97o; McNeilly et
aI"r 1978; Shelesnyak, 1955) when the luteotropic
requirement for PRL is lost and LH becomes the major

luteotropic stimulus.

The LH is required for the support of the corpus

l-uteum between days B and 11 (rord and yoshinaga, rgTs)"
when hypophysectomy is performed after days 7 t B or g of
gestation¡ LH alone can maintain pregnancy (yang et aI.r
I973; Alloiteau and Bouhoursr 1965; Moudgalr Lg69;

Yoshinaga et aI.r 1972; Lyons and Ahmadt 1973).

MacDonald and Greep (LgTo) and yoshinaga et al. (1972)

have reported that LH requires Lhe conceptus¡ possibry
placental factors¡ to exert a luteotropic effect. Since

t,he rùaintenance of LH recepLors on the corpora lutea
requires either pRL or rpL (cibori and Richards t r97B) ana

the sr¿itch from corpora lutea dependence on pRL to LH

occurs at the same time as rpL r levels increase (shiu et
al"r 1973'), rPL I may be required for the exertion of
luteotropic actíons by LH.

By day 12 of pregnancfr the pituitary is no longer
required for the mainLenance of progesterone secretion by

the corpus luteum (pencharz and Long, 1933). Rat pL I may

act as Lhe primary luteotropic agent at mid-pregnancy.
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In the RRA-PRLr Glaser et al. (1984) found that rpl, I
binds preferentially to rat ovarian pRL receptors over

rabbit mammary gland receptors. They also reported that
rPL r was able to sustain ovarian progest,erone production

at levels high enough to ensure fetal survival

, There are other luteot,ropic substances rvhich co-exist
with rPt I in day 12 serum, Howeverr pRLr LH and FSH are

present at levels lower than 30 ng/ml (Cheng t 19762

Morishige et al.r r973; Merchantr 1974)" Estrogen levels
are also very low (O"g ng/nl) in ovarian venous plasma

(Yoshinaga et aI.r 1969). These hormones are not present

in quantities sufficient to produce the luteotropic effect,s
observed in day 12 serum (elank et al.r Lg77) and synergism

betr¿den these hormones has not been found (rakayama and

Greenwaldr I973) "

Recentlyr Jayatilak et aI. (1985) characterized

another PRL-like luteotropic factor secreted by decidual

t,issue which they caIled decidual luteotropin. DeciduaL

luteotropin appears in the decidual tissue of pseudo-

pregnant rats at day 6. Levels peak by day 9 and then

decline until terminat,ion of the pseudopregnancy.

The decidual tissue of the human maternal placenta

secretes PRL (eolander et al.r l97Bb; Riddick et aI.r
1978)" Howeverr the majority of the hpRL from the decidua
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is secreted into the amniotic fluidr rìot the mat,ernal

circulation (eigazzi et aI. r 1979a) and appears to play a

role in the regulation of amniotic fluid volume.

Ä deciduaL luteotropin was purified from day g

pseudopregnant rat deciduar tissue extracts (Jayatilak et
ê1.r 1985)" The proteinr like pRLr has a molecular weight

of 23'5oo dartons" Decidual lut,eotropin is heat labiler
trypsin sensitive and contains disulfide bond. Decidual

luteotropin does not cross-react with antisera to rpRL or
oPRL (Gibori et aI.¿ L974)"

Rat decidual luteotropin reaches the ovaries via the
peripherar circulation and affects luteaI and folricular
function (castracane and Rothchirdr r976) " The factor
binds' to ovarian pRL receptors (Jayat,ilak et al"r r9B5).
In vÍvo (notncfritA and Gibori t l-97S) and in vitro
(Terranova¡ 198Oar 19BOb) r decidual tuteotropin increases
the rate of progesterone secretion. Luteal production of
progesterone is maintained by decidual luteotropin when pRL

secretion is blocked (cibori et aI.r Ig74; Castracane and

Rothchild¡ I976; Basuray and Gibori¿ tgBO).

The loss of corpora lutear dependence on pRL occurs 24

hours after implantation in pregnancy and 24 hours aft,er
t,he induction of decidualÍzation in pseudopregnancy. At

this timer decidual luteotropin appears (einori et, aL.,
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r974i castracane and Rothchirdr rg76; Basuray and Giborir
1980). However¿ decidual luteotropin is not capable of
maintaining luteal progesterone production in the absence

of the pituitary (einori et aI.r 19g1). Between day g and

day 11 of pseudopregnancyr decidual ruteotropin and LH

appear to synergize (cibori and Kalisonr l-g}2) "

The physiologicar rore of decidual luteotropin is
unknown. Jayatilak eÈ aI. (1985) have suggested that
decidual luteotropin exerts rocal effects upon pracental
function and fetal growth. The decidual tissue and

trophoblast ce1ls have pRL receptors (wirríams et al.r
r979i llcwey et al-r rgg2; Herrington et ar.r 19go).
Decidual luteotropin competes for pRL receptors¡ in
decid\¡al t,issuer wit,h opRL in a dose-dependent manner

(xetty et aI.r rgzs)" Decidual ruteotropin may inrriuit the
secretion of rpl r until its appearance at day lo since
Lrophoblastic t,issue cultured without decidual tissue
secreted rpl r as early as day 6 (Glasser and Mccormackr

1eB0 ) "

rn addÍtion to its luteotropic actionsr f,pL rr has

been implicated as the factor causing the cessation of the
PRL surges at mid-pregnancy" Rat pL I leve1s are
increasing aL the time the pRL surge terminates (fetty et
al-¿ 1975)- The termination of the nocturnal pRL surge on
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day I or 9 of pregnancy can be delayed if the imprantation
of the blasLocyst is delayed (vogev and Terkel , rgTB).

Tonkowciz and Voogt (lggga) reported a correlation between

the derayed termination of the surges and the delayed rise
in rPL r levers found when implantation $/as delayed. rn
hyst,erectomized pregnant rats, nocturnal pRt surges are

extended suggesting the uterine-placental tissue inhibits
PRL secretion (voogt, 19BO).

Removal of the conceptuses leads Èo a proportional
decrease in rpl, r levers and a concomitant extension of the
PRL surges (voogt et âI.r I9B2). Tonkowicz eE al. (I9B3b)

described an inverse relationship between the first rpL r
peak on the afternoon of day 11 and the cessation of the
noctrìrnaL PRL surges" Tonkowícz and Voogt (1984) confirmed

the inverse correlation between rpl, r and pRL levers on

days 11 and 12" g{hen rpl r levels in the serum $rere

reduced by fetectomy and/or ovariectomy, the pRL surges

continued beyond the normal time of termination.
Although injections of placentar extracts into male

rats inhibited the tonic secretion of pRL (r,aherty et ar"¿

1983), injections of rat pracentar extracts into pregnant

rats are not capable of terminating the pRL surges (smittr

and Neillt 1976). Voogt (1984) found that pRL secretion by

anterior pituitary cells¿ co-cultured with Day I1
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placentae, \.¡as inhibited" The author concluded that rpl r
may exert a negative feedback directly upon the anterior
pituitary.

Linzer and Talamantes ( I9B5 ) studied the expression of
mRNArs during pregnanclr whire isolating and characterizing
the cDNÀ clones of mouse pituitary pRL and GH mRNArs. Like
in the ratr serum pRL and cH levels change markedly during
mouse pregnancy. The pRL Levelsr ât mid-gestationr
decrease at least 1O-ford and increase shortly before
parturition (soares and Talamantesr 1gg4). The cH levels
increase transientry by a factor of ro. Linzer and

Talamant,es (1985) found that mpRL and mGH remained at a

constant lever from day 10 to day 18 of gestation. They

concluded that the regulation of pRL and GH serum

concentrations r,Ias a translaLionaLr post-translational or
stabitity mechanism.

There is no evidence that rp[, rr is luteotropic
although it may act as a luteolysÍn. No luteotropic
activity has been found in rat placenta beyond mid-

pregnancy (Averill et al.r l95O; Matthiesr 1967; Linkie and

Níswenderr 1973? Ray et a1.¿ 1955)" When day L2 rat serum

and placentar extracts r.¡ere size fractionated by gel

filtrationr only proteins, in the ZSTOOO-SOr00O dalton
molecuLar weight ranger had luteotropic activity (t,tatthiesr
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1967; cohen and Gala¿ 1965; Linkie and Niswenderr 1973)"

Rat PL rr has a higher activity in the mammary grand RRA-

PRL than rPL I (Robertson et al"r L9B2) and is more active
in t,he mammary gland RRA-PRL than the pregnant rabbit liver
RRA-PRL (Robertson et aI.r r9B2) suggesting the mammary

gland is its primary target organ" rn additionr Tabarelli
et aI" (ßez) found that injections of day 18 rat placentar
extracts did not cause gonadotropic or luteotropic
responses in ímmature rats or mice.

severar investigat,ors have suggested that rpl, may have

luteolytic effects" Malven (rgog) has demonst,rated that
PRL is luteotropic and luteorytic in the rat depending upon

the time in the oestrus cycIe. During gestationr LH and

PRL ]evels remain low (Cheng, Ig76). Before parturition,
PRL 1evels increase dramatically and LH revels increaëe

slightry. Prolactin acts as a ruteolysin prior to delivery
(notfrcf¡ila et al"r 1973; Malven and Sawyerr 1966).

Matt,hies (L967) has shown that rpl, is luteolyticr
depending upon the t,ime of gestation and state of the

ovaries" Matt,hies (I974) suggested that rplr possibly in
combination wit,h PRL¿ could cause the rysis of refractive
luteal t,issue" Thereforer rpl, rr¡ which peaks during late
pregnancy (sniu et al.r lg73; Kelly et al.r rgTs) could act
as a luteolysin"
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rn addition to the earry studies by selye et al.
(1934; 1935) and Pencharz and Long (1933) which suggested

that rPL played a lactogenic/mammotropic role during
pregnanclr there is a great deal of direct evidence that
both forms of rpl act, as mammot,ropinsr/Iactogens (Shani et
ê1"r L97o; Anderson¿ rg75; Bussman et aI.r 19g3; peters and

van Marle t 1976; Bussmann and Deis , :-g}4) " Both rpL r and

rPL rr bind to rabbit mammary gland recept,ors in the RRA-

PRL (Xetty et, al.r 1976)" Rat pL If has a great,er affínity
for PRL binding sites in the mammary gland RRA-PRL than rpl,
r and prefers pRL binding sites in the mammary gland over
those in the liver" Thereforer rpl rr may act principally
as a mammotropin/lactogen during pregnancy while pituitary
PRL ìevels are Iow. Rat, pL rrr in the absence of pRL and

progesteroner induces lactose synthesis (Bussman et ui.,
1983) and 1-grutamyl-transferase activity (Bussmann and

Deis t 1984) in the pregnant rat mammary gland.

Recentlyr Nico1l et al" (I983; 1995) described a

factor secreted by rodent river which augmented the pígeon

crop-sac response to pRL" The factor has been calLed

"synlactin". rn vitro¿ media containing factors from the
livers of pregnant or lactating female rat,s augmented the
PRL response whereas medium from male or virgin liver
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slices and kidneys had no effect. The activíty was not due

to somatomedin-Cr/feF-f. prolactin and/or placental
lactogens appear to stimulate t,he release of these facËors.

Hebert et al" (1984) showed that conditioned
medium from curt,ures of pregnant rat livers stimulated the
incorporation of tritium-labered thymidine into mammary

grand tissue DNA. Liver slices from males and virgin
females did not secrete any stimulatory factors"

The PRt/pL stimulated rerease of the river factorr
synractinr may be analogous to the GH-stimulated release of
somatomedins" GH stimulated factors promote body growth

whereas PRt/pL stimulated factors, in concert wit,h ovarian
steroids, may be involved in promotion of mammary growth

durirìg pregnancy and maintenance of the grand during
lactation (Nicolt et al.r l9B5)"

The role of rpl's in the promotion of growth is
unclear" Contopoulos and Simpson (tgSl; 1959) reported an

increase of growth hormone-like activity in the serum of
pregnant rats. Comparisons of t,he responses to
thyroidectomy and hypophysectomy in pregnant and non-
pregnant animars demonstrated thaÈ the growth-promoting

acLivíty in the serum from non-pregnant animars was

decreased in either case whereas the activity was unchanged

in pregnant animals"
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rn the rat tibia testr Matt,hies (L967 ) had observed no

response to pregnant rat serum or pracental extracts but
Friesen et aI. (1975) reported preliminary evidence which

supported the earrier observations of contopoulos and

simpson (1957; 1959)" Ketty et ar. (L976) looked at the
activity of pregnant, rat serum in RRA-GH. Howeverr a serum

factor which bound rabelled GH specificalry caused problems

in the RRA-GH and made interpretation of the results
difficult "

Subsequently¡ Daughaday et aI" (1979) found activity
in normal late pregnant rat serum in the RRA-GH. The cH-

like activity was greater in hypophysectomized pregnant

rats" The authors suggested that rpf, could sÈimulate

somaComedin releaser perhaps by binding to pRL receptors in
the maternal líver. There is evidence t,o support thi;
since PRt binding sites in the liver increase during
pregnancy in rats and mice (xetty et ar"r rg74b; sasaki et
a1. r 1982a, 1982b) "

rn 1975, Francis and Hill reported that pRL stimulated
the rerease of somatomedin from perfused rat Liver.
Howeverr pRl-treated rats do not grow even though

somatomedin levels increase (eaIa et al.¿ rgTz; Russell et
a1"r 1978). Daughaday and Kapadia (1978) found elevated
serum somatomedin levers in pregnant rats folrowing
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hypophysectomy at day 14"

Fetal growth may be regulated by rpl" wunderlich et
al " (1979 ) found Lhat administration of a low protein diet
or diet containing alcohol during the last two trimesters
of rat pregnanclr reduced the RNA content of the t,erm

placenta" The rpl levelsr ês determined by RRA of day 20

plasma and placental ext,ractsr had decreased in parallel to
the decrèase in the placentar ribosomar RNA content,. This
study led Munro (I9B0b) to suggest that the low protein
intake or ethanol consumption had caused a reduction in
fetal growth by inhibiting rpl synthesis. rn another
studyr Jost, (1961) showed that, in conjunction with
adrenocorticar steroidsr f,ât placenta supported glycogen
depos'ition in the fetal liver. The direct effects of rpl,
on fetal metabolism require further study.

Rat pL¡s may also play a role in Èhe metabolic changes

that occur during pregnancy. rt has been shown that
glucose uptake into maternal adipose tissue (Leake and

Burt t 1969 ) and amino acid uptake into liver proteins (eurt
et al"r 1969) are increased during rat pregnancy. rn r_96gr

Kinzey reported that dietary protein rest,rictions did not
affect the luteotropic and mammotropic potency of midterm
rat placenta" Howeverr Henricks and Bailey (Ig76) observed
dramatic effects which led to fetar resorptionr when
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protein intake v¡as decreased after mid-pregnancy. These

studies may indicate that rpl, Íft the pL found in lat,e
pregnant rats, may have a more important role than rpl T¡

in the metaboric adjustments that occur during pregnancy"

D- Mol."rrl.r Biology Approu.h to th" pRt-GH F"*ify
wiLh the recent development of recombinant DNA

technologyr many investigators have utilized the molecular
biology approach to re-investigate the pRt-GH gene family.
This approach has led t,o the discovery of a wearth of nevl

information" There are several recent reviews on the study
of the gene family (¡roore et ar.¿ l9g2at r9ï2b; Kidd et
aI.r 1983; Miller and Eberhardtr 1983)"

'Mi11.r and Eberhardt (19g3) have concluded that the
family members are divided into two classes on the nasis of
the cDNA and genomic struct,ure. There are pRL-Like members

and GH-like members. Human pL farls into the latter
category- subprimate ptrs appear to be more closely
related to pRL"

Human pL is the only pL that has been cloned and

sequenced and the generalized feaËures of pLrs are based on

the human hormone. Howeverr several investigators of
subprimate PL's maintain that they are more like pRLrs than
GH¡s and in that sense different from hpl,, Little or no
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available on the structure of subprimate

cDNA Structure

Codon Choice

The choice of nucleotide in the codon third position
reveals that GH t s and hpl, have a sLrong preference for G or
c in the third position (74-Bzz) whereas pRL's show rittle
or no preference (so-6¡a) for G or c. Random codon

selection would result in G or c being selected 422 of the
time" The codon choice is not species related (miller and

Eberhardtr 1983 ) "

Untranslated Regions

The cDNA sequence t if complete¿ rêveârs the structure
of the 5' (proximal) end and 3t (distal) end untranslated
regions of the mRNA. These regions include sites involved
in ribosomal binding and translation regulat,ion.

5 I Untranslated Region

Human cH and pL share 26 out of 29 nucleotides at the
proximal end of the 5 I untransrated region of the mRNA

(miller and Eberhardtr l9g3).
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3 r Untranslat,ed Region

PRLrs and cH's,/hpIJ differ in the structure of the 3¡

untransrated regions" All known pRL mRNArs use the TAA

(ochre) termination codon r¿hereas all known GHrs and hpl
use the TAG (amber) stop codon (¡lilter and Eberhardtr
1eB3 ) .

At the proximal end of the 3r untranslated region¡
PRL I s use A or T in 5gz of the first 43 nucreotide
positions whereas GH I s and hpl, use G or c in 69z of the
first 47 positions (uitler and Eberhardt¿ 1983) "

All-the pRLrs share a high homology at the proximal
end¿ 8 out of the first lo nucleot,ides and around the
AATAAA polyadenylat,ion signal (miller and Eberhardtr r9g3).
sovirìe and human pRL share a short r-rich palindrome

approximately 20 base pairs downstream from the stop coaon.

Aside from these regionsr pRLrs do not demonstrate any

homology" The remainder of the region is 30å homologous or
essentíalIy random"

the GH I s and hpl, are not homologous at the proximal
end' Howeverr there are three regions Lhat are highly
homologous" one of these regions is near the AATAAA

polyadenylation sígna1. There are two rong c-rich palin-
dromic dyads withín the homorogous regions (¡,liller and

Eberhardtr 1983) "
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Sequence Homologies

comparisons of the mRNA and amino acid sequences of
several members of t,he PRL-GH gene family show t,hat
nucleotide sequence homology is greater than amino acid
sequence homology in each case (Cooke et al"r IgBl)"
rnterspecies comparisons of GHrs and pRLrs show similar
nucleotide (*752) and amino acid (_ASZ) homologies. Less
homology was seen in intraspecies comparisons of pRL and

GHr approximately 40% at the nucleotide and 2sz at t,he

amino acid Ievel. An extremely high degree of homorogy is
seen between hcH and hpl (Martial et al.r l-gTg). At t,he

nucleotide levelr the mRNArs are g2z identicar and go%

identicar at the amino acid rever. Thereforer hGH and hpf,

are *'or" homologous to each other than to any other famiry
members "

The comparison of cDNA structures within and between

specÍes yields information about mutationar events at the
nucleotide Level which resuLted in sirent (unexpressed) or
expressed mutations at the amino acid leve1.

Cooke et aI" (fggZ) demonstrated that pRtrs and GHrs

diverged approximately 400 million years ago (¡¡ve). MilIer
and Eberhardt ( fges ) calculated the time of pRL and cH

Evolutionary Analysis of the cDNA Structure
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divergence at 350 MyA. These values correspond v¡eIl with
the fossil record" Fish and tetrapods diverged
approxímately 400 MyA (acher t rg76) and the existence of
distinct PRL-Iike and GH-like molecules has been dated to
this time" All vertebrates today have both pituitary cH

and pituitary pRL"

Evolutionary Origin of hpl

cooke et aI" (1981) suggested that posiLive serective
influences caused a rapid fixation of replacement

substitutíons in hpl, and hGH" The Lv¡o hormones are

recently diverged since they display extensive homologies.

cooke et al" (1981) calculated that hpl and hcH diverged ro
MYA lìowever they suspected that this value estimated the
time of an intrachromosomal recombinationr rot the time of
the actual gene duplication event. Miller and Eberhardt
(1983) found that hcH and hpL diverged 64 MyA"

Both of the groups determined times of hpl, and hcH

divergence that hrere more recent than the estimated time of
mammalian radiation (85-1oo MyA) (Romero-Herrera et al.r
1973; McKenna¿ 1969) " This would suggest that hpl and hcH

diverged after the radiation of mammalian speciesr êvêrr

after the origin of pracenLal mammals (*roo MyA) (oickerson
and Geisr L980) " Therefore¿ placental hormones resembling
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pituitary PRL and cH may have evolved more than once.

Mil1er and Eberhardt, (fge3) suggest that Lhe evolution
of hPL and hcH is complicated by other factors. Human pL

and hGH are two hormones with different functionsr yet they
are more simílar Lo each other than hGH is to any other
GHrs" They suggest Lhat hpt, and hGH have evolved by

concerted evolution" concerted evolution occurs when t,wo

genes evolve t,ogether rather than independent,ly. The rat,e

of divergence is slowed. Gene duprications facilitate
concert,ed evolution (¡,tiller and Eberhardtr r9B3)"

Wallis (1981) assessed the molecular evolution of t,he

PRL-GH gene family based on amíno acid and mRNA information
and concluded the rates of evolution $¿ere extremely
variable" This could explain discrepancies in the
carcurated times of divergence reported by cooke et .;.
(fgef) and Miller and Eberhardr (fgeg).

Cooke et al" (fgef) found that the 3r untranslated
regions of the mRNA's $¡ere more highry divergent than t,he

coding regionsr except in the case of hGH and hpl,. This is
similar to other eukaryotic mRNArs.
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Gene Structure

Human Genes

The genes for hGHr hPL and hpRL share several common

structural features. The genes are made up of 5 exons (I,
Tft IfIr IVr V) interrupted by 4 introns (A, Br Ct D). The

exon/intron splice junctions are highly conserved (¡liller
and Eberhardtr. 1983 ) .

However¿ the intron size varies greatly between hpRL

and hGH,/hPL" The hPRL gene has large introns (fruong et

aI"¿ 1984)" The PRL gene is five Limes as large as the

hPt/hcH genes" The hcH/hpt genes are approximately 2 kb in
length whereas the hPRL gene is approximately 10 kb (miller
and Èberhardt, 1983; Truong et al.¿ 1984).

There is a single copy of the hpRt gene per haploid

genome (rruong et al"r 1984). The hpRL sequences have been

located on chromosome 6 (Owerbach et aI.r 1981).

In 1979r Fiddes et al"¿ while performing a restriction
enzyme anarysis of human genomic DNA v¡ith a hcH cDNÀ prober

discovered that there \ìrere more hybridi zíng genes than were

needed to code for hcH and hPL" Fiddes et aI. (1979)

suggested t,hat Lhere were multiple genes for hcH and hpl,.

A total of five non-alIeIic hGH and hpt genes have

been cloned and sequenced (OeNoto et al"r 19Bl; Seeburg¿
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1982; Barrera-saldena et ar.r 1993; serby et aI.¿ 1984).
The genes have been located on human chromosome L7

(owerbach et af.¿ I9BO) on the long arm in Lhe region L7q

22-24 (Harper et al.r 1982)" The genes are closely rínked.
other primates (chimpanzeesr rhesus monkeyr slow

loris) arso have murtiple cH-pL genes (tutoore et al.r l9g2b;
Miller and Eberhardtr 1983). There are at least 4 genes

and they appear to be closely related to the genes in the
humans.

A regional map of the hcH/hpt gene cluster was

published by Barsh et al. (1983)" The genes stretch over a

distance of approximatery 50 kb. using the nomenclature of
Barrera-Saldena et aL. (I983), the transcriptional
orierìtation of the genes established by Barsh et al. (1983)

ís 5r hGH-Nr hPl,-lr hpl-4t hGH-2r hpl-3 3'. There nave

been reports of genes in reversed transcriptional
orientation (riaa and saunderst L9g2; selby et ar.r rgg4),
a third hcH gene (xiad and saunderst r9B2; serby et al.r
l9B4)t a hcH/hpt hybrid gene (t'toore et ar.r l9g2a) and a
pseudogene lacking Exon I (moore et aI"¿ l982b)" Howeverr

Barsh et aI" (1983), in their analysisr found no evidence

of any of Lhese genes"

The exons and exon/intron splice junctions of the
genes are highly conserved (parksr 1gB3) " The introns show
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greater than 90% homology with the exception of intron A of
the hcH-2 gene and intron B of the hpl-3 and hpl-4 genes

which are longer than the corresponding introns of hcH-N.

The 5r flanking regions and untranslated regions are also
very homologous (parks, l9B3)"

. The hcH-N gene is the only gene encoding hcH which is
expressed in the piLuit,ary (parksr I983)" The mature

hormone coded for by the gene, is r91 amíno acids in length
and has a molecular weíght of 22,ooo dartons. Approximate-
1y 9oz of the pituitary GH is accounted for by this 22 K

form

A smaller peptide with a morecular weight of 20rooo

daltons makes up the remaining 10? of pituitary hcH (parksr
1983 t" The 20 K hcH is missing the amino acid residues
32-46 found in 22 K hcH (Ler¿is et al,r 19BO). fntron B of
the hcH-N gene starts after residue 3l (waLlis, rggo).
wallis proposed that 20 K hcH is produced by the splicing
of the 5 I end of Exon r to a shorLer Exon rr beginning
after codon 46" De Noto et ar. (1981) found that the 20 K

hcH is the result of aLternative splicing of the hcH-N

pre-MRNA based on their discovery of an appropriate inter-
mediate mRNA" Thereforer hGH-N codes for both forms of hGH

produced in the human pituitary"
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The hGH-2 gener also known as the hGH-v or varíant
gene (garsh et aI.r l9B3), encodes a protein producL that
is quite different from t,he hcH-N gene product. The

proteins differ in amino acid composition and isoelectric
point (Seeburg t 7982). No peptíde corresponding to the
hGH-2 gene product has been found in vivo (parks¿ r9g3).
The product of this gene has been studied in vitro
(pavlakis et aI.r 1991; Hizuka et a1.r rg}2)" The hcH-2

peptide is immunologically non-reactive to hGH-N product

antibodies but it is biologicalry active. The biological
role of this form of hcH is unknor¿n.

The hPL-l gene is regarded as a non-functionar pseudo-

gene (earks¡ 1983).

'Both the hpl.-3 and hpl-4 genes are expressed in the
term placenta (Barrera-sardena et al.r 1983). There är. 4

nucreotide differences in the coding regions of the genes

which are silent at Èhe amino acid rever (earks, 19g3). At

posit,ion -24 of the signal peptide¿ the genes encode a

different amino acid" Although the ratio of hpl-3 to hpl-4
expression is highly variable in term placentas (ritz-
patrick et aI.r 1983), both non-allelic genes are

responsible for the production of hpl, during pregnancy.
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Physiological Role of hpl,

studies in i^¡hich mat,ernal serum leveLs of hpl were

monitored for the assessment of fetal health have reveared
several cases of hpl, deficiencies in otherwise normal

pregnancies. There have been reports of incomplete (caede

et al"r r97B; Bradford and Hargreavesr lgTB; Moshirpur et
al.r 1981) and complete (Nie1son et al"r LgZg; Borody and

carlt,on¿ 1981) antenatal deficiency of immunoreactive hpl,.

Wurzel et aI" (1982) studied the genes of a child and

his family in a case where no immunoreactive hpL $¡as

present in the maternal serum during pregnancy. wurzel and

associates found that the chird t of normar height¿ had a

homozygous 30 kb deretion of all of the hcH/hpt gene

crusÈer downstream from the hpf,-r gene. Thereforer the
hPL-4r hcH-2 (heg-v) and hp-3 genes s¡ere deleted. Two

ot,her children with dífferent hpl, gene deletions but the
same biochemical phenotype have subsequent,ly been

identified (parks et aI.r r983a; 1993b)" These gene

deletions demonstrate concrusively that hpL and the hGH-2

(hcn-v) gene product are not required for normar growth and

development in humans (parksr 1983).



56

The study of the gene structure of hpl, and hGH has

raised the questíon of how genes which are so similar in
the structurar and franking sequences can be regurated
differentially and t,issue-specifically.

several investigators have studied t,he methylation and

DNase r sensitivity of the genes" Transcriptionarly active
genes often show less met,hylation of cytosine residues and

are more sensitive to DNase r digestion. Hjelle et aL.
( rggz ) courd not demonstrate tissue specific under -
methylatÍon of the hGH genes or hpl. genesr in the pituitary
and placenta respectively. Barsh et al. (1983) found that
sites in the 5 I flanking region of the hGH-N gene $¡ere more

""rr"itirr. to DNase r digestion in the pituitary than the
placent,a. They arso found that the 3r flanking region of
the hPL-3 and hpl,-4 genes appeared to be more sensitive in
the placenta than the pituitary. Thereforer the hcH and

hPL genes may be in more active configurations in the
tissues which express the genes specifically,

Subprimate Genes

The genes for rpRL and rGH have been cloned and

characterized (eubbins et al.r lgBO; Chien and Thompsonr

1980; Barta et aI.r 1981; Maurer et a1.¡ 19gl; Cooke and



57

Baxter, L982; Page et â1", 1981). The rat genes are

sinilar to the human genes with 5 exons and 4 Íntrons. The

rPRL and rGH genes exist as single copies per haploíd
genome. The rPRL gene, like hpRL, ís considerably Iarger
than the GH gene.

The genes for PRL and GH in the cow have been isolat.ed
and characterized (Woychik et, â1., Lg82; Canper et â1.,
1984). The genes, like the hunan genes, are made up of
five exons and four introns. Each Ís present, as a single
copy per haploid genome. The bovine GH gene is
approxÍmately 1-"8 kb (V{oychik et aI., 1982). The pRL gene

has larger introns and is approxÍnately I kb in lengt,h

(Canqer et â1., l-984). a possible alternate exonlintron
splice site was found within the signal peptide coding

sequence for bPRL.

Subprinate PL Genes

The search for subprirnate PL genes has provided

further evidence that, unlike hPL, subprinat,e pLrs are more

closely related to PRL than GH.

In the rat, rGH cDNA does not hybridize to rat
placental nRNÀ (Miller and Eberhardt, 1983)" The rpl, gene

could not be located by hybridization of genonÍc DNÀ to a

rGH cDNA probe under stringent conditions (Moore et â1.,
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L982lo) even though the hpl gene(s) \{ere first detected with

a hcH cDNA probe under these conditions (fiddes et al.,

LeTe).

Attempts to isolate cDNA clones to bpl, mRNA from

bovine cotyledonary tíssue with bGH and bpRL cDNA probes

\,iere unsuccessful (nurley and Gorski t I9B2)" Using a

different approachr bPRL and bGH cOÑa clones r{ere used to

screen a bovine genomic DNA library. Several genomic

clones which hybridized to bpRL under non-stringent

conditions ¡ r1¡ere identif ied " The clones \,¡ere distinct from

bPRL and showed no hybridization to bcH. Camper et al"
(fge¿) r¿híle isolating the bpRL gene¡ reported that a 

"*:-
like gener distinct from bPRLr hybridized to bpRt at low

stringency. They did not characterize t,he gene.

In 1984¿ Schuler et al. identified a bpl. cDNA cl-one

selected from a bovine cotyledonary library with a bpl

genomic cl-one. The bPL cDNA clone corresponded to a mature

mRNA 11oo bp in length. The clone disprayed hybridization

homology to bPRL and bcH, although the hybridization to bcH

\{as much weaker" Partial nucleotide sequence analysis

demonstrated that the 3 I end of the bpl, mRNA was 75%

homologous to bPRL at the nucleotide level and 39eo

homologous at the amino acid level.
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Exon,/InLron Boundqries and fntron Structure
The genes for alr members of the family studied to

date have an identical number of exons and introns Ín a

similar arrangement" The exon/int,ron splice sites are
highly conserved (miller and Eberhardtr 1983). Howeverr

the intron sizes and sequences differ greatlyr except in
the case of hGH and hpl,"

wilson et al" (tgZZ) have postulated that sequences

under strong functional constraints will evol_ve less
rapidly than those sequences that are less functionally
important" This would suggest thaL conservatíon of the
specific sequences involved ín forming the exon/intron
splice junctions confers a serective advantage" rt also
suggdsts that the genes arose from a common precursor wíth
similar exon/intron boundaries (¡'lirrer and Eberhardtr
1983 ) " The rate of intron dívergence appears to be much

more rapid than the rate of exon divergence¡ suggesting thot
introns are not functionally important in the expressíon of
the genes"

Repetitive DNA

several classes of dispersed middre repetitive DNA

have been identified in and around the genes of the PRL-GH

gene family members" The function of these repetitive
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elements is unknown but several roles have been post,ulated.

Repetit,ive elements may be invorved in pre-mRNA processing
(Jelinek et aI. 19BO) , origin of replication (,lelinek et
aI"¿ 1980) or intergenic elements which regulate temporal

expression during devel0pment (Fritsch et a1.r lggo)" The

9iscovery of repetitive erement,s closely flanking and

interspersed within the genes of the famity may suggest

they have been involved in the gene duprications (t'titter
and EberhardLr 1983) " The repetitive DNA sequences in the
introns may act as "transposons" which can increase or
decrease intron size" They may suggest insertional events
which could lead to rapid divergence of the introns as weLr

as rearrangements of the genes and exons (garta et al.r
1e81 ) "

Barsh et al. (1983) found three different classel of
repeats interspersed throughout the hpt/hcH gene cluster.
The authors postulated that the gene cluster evolved

recently by homologous but unequal exchange between the
middre repetitive Alu-family elements. Kidd and saunders
(LgBz) also reported the presence of ALu repeats within the
introns and immediately flanking the 5 r and 3 ' untranslated
regions of the hcH/hpt genes.

Page eL aI. (1981) and Barta et aI. (1981) have both

described a 2oo bp tandem repeat with transposon-like
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features in Intron B of the rGH gene. They suggest that
this repetitive element nay account for the size disparity
between Intron B of rGH and hGH. The presence of this
element suggests how intron size could be varied during

evolution.
Cooke and Baxter (7982) have proposed that the 5'

ends of rPRL and rGH have independent origins in view of

the lack of homology and disparity in the lengths of Exon

I of rPRL and rGH. They found three fa¡nilies of dispersed

repetitive elements in and around the rPRL gene which nay

suggest an insertional event.

Schuler et al.'(1983) described a restriction enzyme-.

polyrnorphism near the rPRL gene caused by an e1u-like
elenent" Gubbins et al" (1980) have also found repetitive
ele¡nents within the introns of the rPRL gene, found

elsewhere in the rat genome.

Flanking Regions

The DNA regions thåt lie adjacent to the.5' and 3'

untranslated regions are caIled the 5' and 3' flanking

regions. This DNA is not transcribed ínto RNA. The

function of the 3'-flanking regions is unknown. The 5'

flanking region contains the promoter as well as regions

which .bind hormone-receptor complexes to -regulate gene
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t,ranscription and possibry regions responsible for tissue
specific expression of genes.

Prolactin and growth hormone genes are expressed in
the sane tissues but their expression is oft.en reciprocal.
Frequently, growth hormone production decreases when

prolactin production increases and vice versa, suggesting

different specÍfic mechanisms controlling gene expression
( Cooke et âI " , 198L ) .

Sites within the 5' flanking region have been

implicated Ín the glucocortícoid induction of human and

rat cH's (miller et ê1., L984; Robins et â1., L9g2) as

well as the thyroid hormone induction of rGH (ltiller et
âI.r,,1984).

Woychik et aI. (1982) while studying the bGn gene

discovered nany areas wÍthin the 5' and 3' flanking and

untranslated regions that were highly conserved between

bovine, human and rat GH genes. In partÍcu1ar, a 38 bp

stretch, 100 bp upstream from the transcription initiation
site in the 5' flanking regionS.r was 909 homologous among

the GH's of t.he three species. The sequence is not found

in other eukaryotic genes, suggesting a GH specific
function" The sequence does not appear to be involved in
glucocorticoid regulation.

[Iuman GH/PL genes show extensive homology within the

5' flanking regions (Mi11er and Eberhardt, 1983). This
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may be due to the close linkage and recent duprications of
the genes.

There is littre sequence homorogy in the 3' flanking
regions of the genes except for the hpL/hGH genes (lfiLler
and eberhardt, 1983).

Exon Domains

The concept of exons as, functíonal domains was

proposed by Gilert ( L97s ) . ,"" suggested that exons are
primitive genetic units that encode peptides with
different functions.

Mirler and Eberhardt (L983), considering the structure
of the exons of the PRL-GH gene fanily and the variety of
repetitive eLenents franking the exons, have suggested Exon

I nay be a regulatory exon.

several studies have suggested that the individual
exons of the rPRL gene uray be responsibre for distinct
biorogical activities. Exon rr rnay be involved in receptor
binding site or maintenance of the structure of the binding
site since proteolytic removal of the amino acÍds encoded by

Exon II reduced the receptor binding activity by BZt

compared to the intact protein (Wong et âI., 1981). Exon II
encodes most of the signal peptide and a portion of the

mature horrnone that has been inplicated in conferring
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lactogenic activíty (milter and Eberhardt¿ 19g3). Exons rv
and v have antigenic sites which may confer mitogenic
activity anð/or conformational stability (¡liller and

Eberhardtr 1983 ) "

There are four internal regions of homology in pRL¿ GH

and hPL in Exons rrr rv and v (lailter and Eberhardtr l9B3).
Two of these regions occur within Exon v. Niall et ar.
( 197r ) proposed that the homologous segments arose from the
duplicatíon of a smalr ancestral genetic segment. A

previousry existing intron which interrupted Exon v may

have been removed at some time which would account for the
two homologous regions in Exon v (t{irler and Eberhardtr
1e83 ) "

'The carbohydrate-regulating propert,ies of cH appear to
be partially localized within Exon rrr since the 20 K hcH

variant lacks the diabetogenic activity of 22 K hcH.

Evolutionary Implications

Preliminary evidence suggests that subprimate genes

have evolved differently than human genes. Human pL has

evolved more recently from hGH, based on the homology and

chromosomal locus. Subprimate genes (pnf, and GH) exist as

single copies v¡hereas primat,e GH/pt genes are present in
multiple copies" subprimate pL¡s do not appear to be
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closely related to GH,s. Hurley et al. (1,977 ) has suggested

that subprirnate PL's have a different evolutionary origin
than hPL, and that they arose from the duplication of the

PRt gene, not the GH gene, like hpl,. However, the complete

cDNA and gene structure of subprimate pL's are required Lo

determine if PL's have arisen independentry several ti¡nes in
mammalian evolution.

E. New Mernbers of the PRL-GH Gene Family in Mice

Recently, several pRL-like genes have been described in,
the mouse which appear to be new members of the pRt, GH, and

PL fanily of genes

llouse Proli f e ration ( nPLF )

while studying growth relat,ed genes ín serum

stinulated mouse BALB/c 3T3 ce11s, Linzer and Nathans

(19.83) isolated a "oxe clone which appeared 3 hours after
stinulation and reached maximum 1eve1s within 12-LB hours.

Subsequent nucleotide sequence analysis reveal.ed that the

clone was very sinilar to PRL (Linzer and Nathans, t984).

They called this clone, isolated from proliferating ce11s,

mouse proliferin (nPLF) 
"
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The cDNA transrated into an open reading frame of 224

amino acid residues which encoded a 25 kd protein (Linzer
and Nathans, 1984)" The translatíon was terminated by the
TGA stop codon. This codon is not used for ternination in
any of the known GH's or pRL's (MiLrer and Eberhardt,
1983 ) . The polyadenylation signal was located at
nucleotide 770.

Itlouse PLF appears to have a signal peptide of 29

amino acids. There are 2 tryptophan residues and 6

cysteine residues in sinilar positions to those found in
PRL's (Linzer and Nathans, 1gg4). There are 3 potential
glycosylation signals, Asn-x-ser, at positions 2g-30 46-4g

and 59,,-61. There are also potentÍar sÍtes for proteolytic
cleavage within the mature protein at posítions r2o-Lz2
(Lys-Lys-Lys), L45-L46 (Lys-Lys) and L76-L77 (Lys-rys).

At the amino acid level, mpLF is 39? homologous to
PRL, 374 honoiogous to bpRL and Z2Z homologous to
( Linzer and Nathans, 1984 ) "

Antisera to ¡nplr produced in vi!,ro by an .expression
vector immunoprecipitated a heterogeneous population of
glycoproteins (25-35 kd) in the 3T3 cerl medium (Linzer and

Nathans, L984'). When glycosylation was inhibited with
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t.unicamycin treatment, only a 22 kd form was present.

is the predicted size of the mature peptide.

Thi s

Mitogen-Regulated Protein (Ì¿IRP)

Nilsen-Harnilton et aI. (1980; 1981) whÍIe studying the

response of Swiss 3T3 cells to growt,h factors discovered

that growth factors stimulated the product,ion and release

of a heterogeneously glycosylated protein of 34 kd into the

mediun. The unglycosylated form had a molecular weíght of
2L kd. They called the protein, rnitogen-regulated protein
(unP).

The synthesis and secretion of titRp v¡as regulated in a

simi\ar nanner to PRL. The growth factors, FGF, EGF, PDGF

and tunor promoters stimulated DNA synthesis and

t,ranscription of the FIRP message" post-translational

regulation occurred by lysosomal protease degradation.
. The &lRP is nPLF (Hamilton et â1., 1986) " Ant,ibodies

to MRP specifically immunoprecipitate nPLF. The nucleotide
sequence of a CDNA clone to the 3, end of MRP nRNÀ is
ídentical to nPLF"

Mouse PLE-?

Linzer et

for nPLF nRNA"

aI. (1985) tested a number

They discovered that nPLF

mouÊe tissues

speci fi cally
of

1S
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expressed in the mouse pracenta. The pLF isorated from
BALB/c 3T3 cells v¡as calIed mpI,F-l and the pLF isolated
fron placentar t.issue was called npLF-2 because of several
differences, which wiIl be discussed later.

Mouse pLF-2 appears after day g of pregnancy, peaks at
nid pregnancy and decrines through day 1g (Linzer et âr.,
1985). llinced placental tissue secretes glycosyrated pLF.

The protein does not cross-react with antiserum to npL.
The mature npLF-2 message is 1 kb in length.

Nucleotide seguence analysis of mpLF-z urRNA showed that
nPLF-1 and mpLF-2 dÍffer by 5 single base substitutions
that result in the alteration 'of 4 anrino acids. Arl 5

change.s occur at threonine or serine residues. The changes

do not affecÈ the potential glycosylation sites"
At the genomic level, there appear to be 3-5 copies of

the PLF gene per haproid genome (wilder and Linzer, 19g6;

Nathans et âr., 1986). There are distinct pLF-1 and pLF-2

genes" Both types appear to be expressed in arl cerl types
which secrete PLF" Therefore, expression of mpLF-L or
¡nPLF-2 is not tissue specif ic.

Mouse PLF is not lactogenic in the Nb, rymphoma cell
bioassay (Linzer, personal communication) and the
physiological role of these proteins is not known. Linzer
et a1. (L985) have suggested that pLF is secreted by
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and mouse, placenta and may act as

autocrine, in cultured ceI1s and

Proliferin Related Protein

While searching for PLF expression in mouse tissues,
Linzer and Nathans (L985) discovered a second set of clones

in the mouse placenta which hybridized weakly to the PLF

probe. The clones correspond to a t,.t kb nRNA which

appears later than PLF, peaks at day'12 and then gradually

decreases to term. They called this nRNA, proliferin-
related protein (PRP).

în" encoded protein of 244 amino acids has a higher

molecular v¡eight, than PLF" It has a calculated molecular

weight of 27 ,956 daltons " The protein contains a pot"rrtiat

signal peptide, 30 amino acid residues Ín length. There

are 3 potential glycosylation signals, Asn-X-Thr/Ser, 'at

positions 4-6, t9-2t and 6t-63 of the predicted mature

peptide. There are also 2 potential proteolytic cleavage

sites at positions 35-36 (Arg-Lys) and 84-85 (Arg-tys).

At the nucleotide }eveI, PRP is 542 homologous to PLF.

The two mRNA's share the same t,ermination codon (TGA). At

the 5' end, 92 out of the first 97 nucleotides are

identical. At the amino acid leveI, nPRP is 32* homologous
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to nPLF, 30t homologous to mPRL and only L6Z homologous to
nGH. Mouse PRP has 2 tryptophan residues in the positions
they are found in most PRL's and 5 cysteine residues. The

free sulfhydryl group couLd be involved in the formation of
varying disulfide linkages. The amino acid sequence

extends beyond the last cysteine residue as with the GH,s.

House PRP has a region of 10 additional amino acids which

does not align rvith any of the other family members" This
nay.suggest that PRP is a more diverged member of the

fami Iy.

F; Cloning the Rat PlacentaI Lactogens

Th" complete priurary structure of a subprimate PL has

not yet been determined. Our laboratory decided to utiLize
recombinant DNÀ techniques in order to elucidate the

structure of PL's Ín the rat. This approach was used

because of the 1i¡nited availability of rat placental tissue

for protein purification for direct amÍno acid seguence

analysis" In addition, this technique provides additional
information about the genetic make-up of rPL"

Rat PL I and rPL II are probably not related through a

common precursor since immunoprecipitation of translat.ion
products of poly A+ mRNA isolated fron day lL and day 19

shows that only rPL If is precipitated by the antibody to

rPL II (Robertson et ê1., 1982).
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Rat PL I

Attempts to isolate a cDNA clone Lo rpl, f
placental mRNA have not been successful in our

fn vitro translation products contain no major

corresponding to rpl., I " Since no antibodies
available¿ selection of a minor component $/as

(t" Hattonr personal communication),

from Day 11

laboratory"

proteins

to rPL I were

not possible

RaT PL II

Rat PL II cDNA clones

placental mRNA libraries.
avaiLability of an antibody

the rPL II protein band at
personal communication) "

Levers of rpI, rr in maternar serum are maximal .; day

18 of rat pregnancy (Robertson and Friesenr 1981)" pooled

day 18 placental poly (a+¡ mRNA $¡as transl_ated in vitro by

rabbit reticulocyte lysate" The translation products

consisted of several major proteinsr between 20-30 Kd.

Polyclonal anti-ovine pRL antisera¡ known to cross-react
with rPL II and anti-rpf, If antiserumr precipitated a major
protein band of 25 K" Treatment of the translation mixture
with dog pancreatic microsomes¿ forlor¡ed by immunoprecipi-
tation with anti-rpL rr or anti-ovine pRL antisera¡

v/ere isolated from Day 18

The success \{as due to the

to rPL II and t,he prominence of
day 18 (m" L. Duckworthr
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resulted in the appearance of a 22 K protein. The síze
corresponded to the secreted protein observed in pregnant
rat serum (M"t. Ðuckworth¿ personal communication).

rnitially, cDNA clones to rpL rr r¡¡ere isolated f rom a

cDNA library nade frorn day i-8 rat pracental nRNÀ. The

library was made in the plasmid vector, p.å,T153, with the

cDNA G-c tailed and inserted into pÀT153's unique pst r
site.

The library was first screened kinetically for
abundant mRNÀ's. since rpL rr nRNA was one of the nost
abundant nRNA,s at day L8, clones. which hybridízed
stronÇly to Ittpl-rabeled single:stranded cDNA made fron
day 1Q placental nRNA were serected. The selected clones.\
\rere further characterized by hybrid selection. Only a
single clone, pRp52, 270 bp long, hybridized to an nRN.A

that was transrated and processed in vitro to a 2s Kd and'a

22 Rd protein, respectively. Both protein bands were

inmunoprecipitated by anti-rpL II and anti-ovine pRL

antisera.
Several other clones were nyOrid selected but did not

translate into products with properties cgns_istent with rpL

II. These other clones will be discussed Later.
The plasrnid library was rescreened with nick-

translated (Rigby et, â1., L977 ) pRp52. Out of 1280
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recombinants, 9 additional rPL II cl-ones were identified.
From the abundance of rPL II clones in the library, it was

calculated that rPL II mRNA made up 0.7+, of the total day L8

placental nRNA population. Therefore, it is moderately

abundant "

A second library was constructdd in the phage vector,

XcT10, following the net.hod of Huynh et al" (1985) with the

rnodifications for second strand synLhesís as described by

okayama and Berg (1982). The cDNA was inserted into the
:

unique EcoRI site of the vector with EcoRI linkers. The

second library was constructed because the rPL II clone,

pRP52, hybridized to a single t,ranscripÈ of 1 kb and none-

of the',other clones isolated f rom the plasnid library were

long enough to be considered fulI-length" The short length

of the cDNA clones in the plasnid library was probably due

to the Sl- nuclease (vogt, Lg73) treatment used in the cDNA

synthesis. The rnethod used in naking the second library

did not require the use of 51 nuclease. Àdditional clones

to rPL II v¡ere isolated frorn the lambda library following

selection with pRP52A, the tonglst clone found in the

plasnid library. The clones selected frour the second

library were subcloned into pAT153.'

The rPL rI nRNA induction pattern corresPonded to the

appearance of rPL Ir in maternal serum (Robertson and
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Friesen, 1981). Based on RNA blot analysis of total RNA

samples (White and Bancroft, L982) extracted from placenta

on different days of Pregnancy and hybridization to It'-p]-

labeLed rPL II cDNÀr.rPL II rnRN.A is shown to turn on

abruptly at day L2 and increase until peaking at day 18 -

The rPL II mRNÀ, transcript appe'ared to be tissue

specific since it, was not detected by hybridization in any

other adult female tissues studied, including decidua and

fetal yolk sac membranes.

Rat PL II cDNÀ showed hybridization homology under
i

stringent (65oC) conditions to hPRL and rPRL cDNA clones by

Southern blot analysis. The rPL II cDNÀ did not show any -

hybridization, even under non-stringent (55o) conditions,

to hpl, or rGH cDNA clones. The rPRL cDNÀ clone hybridized

weakly at 55oC to day J.8 placental mRNÀ.

The rPL fI clones v¡ere selected and designated as rPL

f I .clones based on: the size of the translation procluit;

the processing to a lower nolecular weight, indicative of

signal peptide cleavager corresponding to the.size of the

secreÈed protein found in maternal serumi the precipitation

by rPL II and oPRL antisera; the induction pattern; and the

hybridi zation homologies.
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Genomic DNA Information

Àlthough the hpL gene was detected under stringent
conditions with a hGH probe, the rpI, genes have not been

identified with rGH cDNA probes (Moore, et al., 1992b).
The rPL rr gene is. a large, single copy gene like rpRL

(Gooke and Baxter, 1983), dÍstinctly'different from the
rPRL gene. Genomic DNA southern brot analysis of kidney
genonic DNA digested with restriction enzymes showed unique

digestion patterns and no overlapping fragnents when

hybridízed to rPRL and rpl, rr cDNA probes. The rpL rr gene

is at least 10 kb, like the rpR'L gene (tI.t. Duckworth,

pe rsonal,communication ) .

Gehomic DNA clones to rpl, rr have been isolated in o,rt
laboratory from a rat genomic Library made up of
sau-3A/Mbor fragments cloned into the rambda vector, EMBL

3, (kindly provided by Dr" lt" Crerar, york University).
. Two genomíc clones have been isolated which are

different from one another, but possibly overlapping"
Restriction enzyme napping shows that fragnents of the
clones correspond to fragments 

"""r, in rat. kidney genomic

DNA (P" Shah, pêrsonal communication).



76

Other Classes of Placental Clones

. Our laboratory, while isolating cDNÀ clones to rPL II
mRNA, discovered three other classes of cDNA clones which

corresponded to abundant nRNA's at day 19 and translated
vÍtro:to proteins of approximately 25 Kd (tl.t. Duckworth,

personal communication). These clones were called rPLP-A,

pRPg/9A and pRP54. A fifth clone, pRP27, was also found

which was present at day 18 but, it is not an abundant

message. ÀI1 of these clones share similar protein
products and hybrÍdization homologies, yet they have unique

genomic DNÀ restriction patterns, restriction enzyme maps

and inductiori patterns. They all resemble PRL and, where

studiqd in det,ail, have been found to be new menbers of the

PRL-GH gene faurily.

Rat Prolactin-Like ProÈein ( rPLP-À)

This clone corresponds to an abundant nRNA in
plaggntal tissue at day L8 of pregnancy. The in viÈro

translation product is 25 Kd. The protein is processed

vitro t,o a molecular weight of 27 Kd. The translation
product is not precipitated by antisera to rPL II or oPRL.

Out of l-280 recombinants, 12 clones were identified"
Therefore, 0.9? of the total day 18 placental nRNA

population is composed of rPLP-À.

1n

1n
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The nRNA first appears in placental tissue at day 14'

two days after rPL rr" The leve1s peak by day i-B of

pregnancy, like rPL II "

The rPLP-A clones hybridized to a singIe nRNA

transcript of approximately 1 kb" Rat PLP-A has not been

detected in any other rat tissues except in late pregnant

decidua where very low leveIs are present-

Rat pLp-A hybridizes, under non-stringent, conditions,

to $PRL, rPRL, and rPL II. The clone does not hybrídize to

rGH or the GH-Iike hPL.
:

Hybridization of rPL!-A t,o restriction enzyme digested
'genomic p¡¡e showed thaÈ rPLP-A hybridized to a large,

single.copy gene that was not sirnilar to rPRL or rPL II.

The restriction enzyme maP of rPtP-À is unique (t'

Peden, personal conmunication) .

Nucleotide sequence analysis yielded an open reading

fran¡e of 7gO nucleotides which coded for a protein of a'

calculated molecular weight of 26r350 daltons (t. Peden,

personal communication) . A polyadenylation si.gnät (ÀATAAÀ)

is located 23 bp upstream from the rennant of the poly À

tail in the 3t untranslated region. The translation

is terninated by the TÀA stop codon, like all known PRL's

(t'tiIIer and. Eberhardt, 1983). There are two potential

glycosylation signals (Àsn-Tyr-Thr) at positions L0-12
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and L44-L46 which would explain the increased size in the

t,ranslation product following processing.

There are also three potential proteolytíc cleavage

sites at posÍtions 5L-52 (Arg-Arg), 133-L34 (Lys-Lys) and

I74-L75 (Lys-Lys).

It is not known if rPLP-À is a secreted peptide since

the peptide has not yet been isolated. However, the first
31 amino acids of the translation could be a signal
peptide. The amino acid residues are predominantly

hydrophobic and statistical analysis of the amino acid
positions (Von Heijne, L983) would place the nost likely
cleavage site between residues 3L and 32. Based on this
cl.eavage site, the secreted unglycosylated protein would

have a molecular weight of 22,280 dalt,ons.

Rat PLP-A is a new member of the PRL-GH gene famÍIy in
the rat. Erom the deduced amino acid sequence, rPLP-A is
highly homologous to hunan and rat PRL as weII as nPLF and

nPRP (Table 41. A¡nino acid positions 58-74 are especially
homologous. Out of L7 residues, 14 are ídentical to hPRL.

Rat PLP-A has 5 cysteines. Like the GH's, there are

no NH2-ter¡ninal cysteines. The extra cysteine may allow

for the fornation of varied disulfide linkages" The two
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TABLE 4

rPLP-A vs" hPRL

rPRL

mPtF-2

mPRP

rGH

hGH

hPL

4 ldentical

45

43

4L

37

29

29

29
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trypt,ophans seen in the other family members are conserved.

There are also two additional tryptophan residues.
Out of the 6 residues Kohmoto et aI. (fge¿) considered

essential for lactogenic activityr rplp-A has onry two of
them" The other four are not present alt,hough one is
replaced by a rerated amino acid" The physiorogicar role
of rPLP-A is unknor+n but it, is probably a secreted
placental protein with hormonal activities.

pRP9/94

By hybrid select translationr these clones code for a

protein of 25 Kd that is processed in vitro to a molecular
weight of 24 Kd. The clones hybridize to two mRNA

tranêcrípts of I"2 and 1.0 kb., but the tr+o mRNArs code for
the same protein. The clonesr pRpg and 9Ar first "ppä"r at
day 11 of pregnancy and peak in pracentar tíssue by day L4.
Both clones hybridize Lo rpRLr hpRLr rpl, rrr rpI,p-Ar pRp54

and pRP27" They do not show any hybridization homology to
rcH or hPL" The restrict,ion map and genomic DNA

restriction pattern are unique"

pRP54

The cloner pRp 54t codes for a 20 K protein which

appears to be the major placental protein at day 18. The
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mature message is approximately 900 bp. The message first
appears betr+een day L4 and 15 of pregnancy and peaks at day

18. The cloner pRp54r hybridizes to hpRLr rplp-Ar pRpg and

weakly to rPL rr" No hybridization is seen to pRp27r fpRl,r

rGH or hPL. The cloner pRp54r has a unique restriction map

and genomic DNA pattern.

pRP27

The clone t. pRp27, is not an abundant mRNA. The size
of the protein product is unknown" The clone firsL appears

at day 11 but is not expressed fully untiL day 14. The

clone hybridizes to rpI.p-Ar pRpgr rpRL and hpRL but not to
rGHr hPL, rPL rr or pRp54" The restriction enzyme map is
unique and preliminary nucreotide sequence anarysis shows

no homology to any of the PRL-GH gene family members.

PRL-1ike Transcripts in the Rat

rn addition to the pRl-rike placental cronesr 0Lrr

laboratory has discovered an ubiquitous r.z kb. mRNA

transcript in rat tissues which hybridizes to rpRL. These

transcripts do appear to be polyadenylated (c" DiMattiar
personal communication) .

Trùo clonesr K5 and R25t have also been isol_ated from a

library of poly (a+¡ rat kidney mRNA (M. L" Duckworthr
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personal communication). The clone¿ K5¿ coffêsponds to a 4

kb transcript and K25 to a I kb transcript" The clones

hybridize to pRL" The cloner K5, ís present in 1or+ levels
in the rat lung, uterus and ovaries and high leveLs in day

18 pracenta. The other clonet K25, is found in day r4t r6t
18 placenta and in very small amounts in day 1g decídua.

Preriminary data suggest that the expression of Rzs may be

related to. the gestational state of the animal.

These PRL-Iike transcripts may also represent new

members of the rapidly expanding pRL-cH family of hormones"



IT" AIMS OF THE STUDY

The human species is the only species in r+hich pL has

been clonedr seeuenced and characterized" rt is also the
only species in r¿hich the pRLr, GH{ pL triad of hormones has

been studied. Arthough subprimate pRL and GH genes have

been characterizedr gênês for subprimate pLrs have not yet
been described"

Based on its biological actions¡ immunological cross-
reactivityr hybridization homology and sizer rpl rr appears

to be a member of the PRL-GH gene familyr closely related
to PRLr rather than the GH-like¿ hpL. Howeverr the primary

structure of rPL If is unknown.

The major aim of this study is to define the primary

structure of rpt, II " This wil1 be accomplished by

det,ermination of the nucleotide sequence of cDNA clones to
the rPL rr mRNA" This approach has been utirized because

rPL rr is difficurt to obtain in sufficient quantities and

puríty for direct amino acid sequencing, rn additionr
technically, nucleoÈide sequence analysis is simpler to
perform¡ the sequence is unambiguous¿. and additional
information at the genetic level can be revealed.

The mRNA structure and sequencer the deduced amino

acid seguence and the protein wÍrr be compared to t,he other

B3
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members of the PRL-GH gene famiry in order to determine the

structuralr functional and evolutionary relationships of
rPL II to the family"



IIT. METHODS AND MATERIALS

A" Experimental Design

The struct,ure of rpl. fI mRNAr the deduced amino acid
sequence and implied protein characteristics of rpl rr \,rere

determined from the nucleotide sequence of cDNA crones to
the mRNA"

' The rPL rr cDNA clones were mapped with restrict,ion
enzymes and subsequently subcloned into Ml3 RF DNA vect,orsr

utilizing the elucidated restriction sites. The nucreot,ide

sequence of the recombinant subclones $¡as determined via
the sanger dideoxy chain termination method (sanger et ar.r
1977 ) utítizing I tt s] and buffer gradíent sequencing gers

(eiggin et aI. r 1983)" The nucreotide sequence data r,re re

analyzed by computer"

Background to the Methodology

In the late 1970rsr two methods for nucieotide
sequence determination rrrere developed" Maxam and Gilbert
(1977) developed the chemical creavage met,hod. sanger et
al- (1977 ) developed the dideoxy chain termination method.

The dideoxy chain termination method r.¡as used to elucidate
the primary st,ructure of rpl rr and will be described here.

B"
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Sanger dideoxy sequencing is based on the use of
deoxynucleotide (dNTp) analogsr dideoxynucleotides
(ddNTPts)r which cause chain termination at specific
nucleotides where they are incorporated into an extending

DNA strand"

A single-stranded DNA template anneared to a primer

containing a 3'-hydroxyl groupr is accurately copied by the

Klenow fragment of E. cori DNA polymerase r in the 5' to 3'
directionr in the presence of dNTprs. Since the Klenow

enzyme can incorporate ddNTpts as werl as dNTprsr addition
of ddNTP I s resurts in chain termination because the

incorporated ddNTp's lack the 3'-hydroxyl group required
for the formation of the next, phosphodiester bond in the
chaiir "

when four separate reactions are carried out in tne
presence of alr four dNTpts and only a singrer knor¿n ddNTpr

newry synthesized strands are specificatly t,erminated. The

fragments all share a common initiation point. By using a

radioactively rabeled dNTpr the generated fragments can be

visuarized by autoradiography" The DNA is electrophoresed

on a denat,uring polyacrylamide gel that separates the

fragment,s by síze. By using very thin gels,
DNA fragments differing by a single base can be

resolved (sanger and Coulson t I97B) "
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The sanger dideoxy sequencing method requires a ssDNA

template. At firstr this v/as a major drav¡back to the
methodologyt since isolation of ssDNA is a laborious
procedure" Recently,, however¿ the life cycle of a

filamentous bacteriophage¿ Ml3r rtrâs exploited as a
biological means to acquire the SSDNA template.

M13 is a filamenLous bacteriophage with a closed

circular single-stranded DNA genome (Denhardt et al.r
1978)" The phage infects bacterial celrs via the F pilus.
rn the bacteriar hostr the phage is stripped of its protein
coat and converts t,o a double-stranded replicative form
(nr'¡" The DS DNA replicat,es and forms ssDNA which is
processed and packaged into the mature viral form. The

ssDNÀ virus is extruded from the infected cells. The host
cells are not lysed

The M13 RF DNA ís used as a cloning vehicre. Double-

stranded cDNA is inserted into the Ml_3 RF vector. The DNA

is used to transform competent host celIs and the DS DNA

is amplified by the host celI" Ds DNA can be isorated from

the bacterial celIs and ssDNA can be exÈracted from the
viral particles in the medium.
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C. General Met,hods

Restriction Enzyme Digestion of DNA

Materi als

Restriction enzymes $¡ere purchased from Boehringer

Mannheim (Montrealr pe), Bethesda Research Laboratories

(Caithersburgr MD) and New England Biolabs (neverlyr MA) "

Method

Purified plasmid and 1"113 vector DNA were cleaved with

various seguence specific restriction enzymes.

Restriction diþests r^¡ere performed in the appropriate

restriction enzyme buffers in a i¿ater bath of t,he required

temperature (30-65oC) according to Maniatis et al. (1982)"

The reactions consisted of plasmid or vect,or DNA

(0"5-2"0 u9), restriction enzymer restriction enzvme buffer
and distilled H2O" The reaction volume was 10-25 ul" An

excess of enzyme (2-fO units/ug of DNA) vras used but the

volume of enzyme never exceeded L/LO of the total react,ion

volume" Digestions were performed for 3-18 hrs"

Double digestions of DNA were done simultaneously when

buffers \.Iere compatible" However, in cases where salt
requirements differed¿ the DNA was first cut with the

enzyme requiring a lower salt buffer" Following digestion

with the first enzymer salt was added and the DNA was
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cleaved with the second enzyme. rf digestion v¡as not

successful using the latter two methodsr the order of
digestion hras reversed " phenol extraction and et,hanol

precipitation were performed prior to digestion with the

second enzymer in these cases.

Electrophoresis of DNA

DNA samples were electrophoresed for a variety of
reasons" Agarose mini-gels were used to monit,or restric-
tion enzyme digestions and to evaluate DNA preparations.
For accurate size analysis for restriction enzyme mapping,

large horizontar agarose gets and vertical polyacrylamide

ge1sr".r. used"

Materials

ultra pure DNA grade agarose and the DNA size markersr

Øx 174 RF DNA-Hae rrr digest andìDNA-Hind rrr digestr wêf€

purchased from Bethesda Research Laboratories (eaithers-

burgr MD)" Polyacrylamide, bis-acrylamider TEMED and

ammonium persulfate r.rere supplied by BioRad (uississâugê.r

Ont")" The ethidium bromide and bromophenol blue r^¡ere

purchased from Sigma Chemical Co" (St" Louisr MO) " The

xylene cyanol FF $/as obtained from Kodak (Torontor Ont,)"
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Reagents

sOxrAE: 2429 Tris t 57.r ml graciat acetíc acid and loo
mI 0"5 M EDTA (pH 8.O)/t
5x agarose gel loading buffer (SxAGLB): 5oB glycerolr
1.5? ricoll 4OOt 10 ng/ml bromophenol blue in IXTAE

IOXTBE: 108 g TrÍst 55 g boric acid and 40 mI O"5M

EDTA (pH B"o)/L

5x polyacrylamide gel loading buffer ( SxpAGLg ) : 5Ot

sucrose (w/v'), 2.5xTBE t O"25? bromophenol blue and

O"252 xylene cyanol"

Method

rn generalr the DNA samples were mixed with L/5 volume

of tÈre appropriate 5x loading buffer in Hro. The amount of
DNA v¡as sufficient to allow for IO ng,/band. The sa*pies

Írere heated at 6BoC for 10 min prior to 1oading. The

samples \.¡ere Loaded onto the 9e1r electrophoresed and

stained v¡ith 0"5 ug/nr EtBr" The DNA was visualized with a

uv t,ransilluminator" photographs (poraroid Type s7 firm)
v/ere taken with a polaroid Mp-4 camera.

Agarose Gel Electrophoresis

Mini-GeIs

DNA samples (L-A uI ) in a 5-IO ul vol_ume containing
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IXAGLB were run on 10-20 mI horizontal lts agarose mini-
gers- The gels were run at B0 mA for 30-60 min in rxrAE

containing 0"5 ug/mL Et,Br"

Large GeIs

. Restriction enzyme digestions (20-25 ul ) with DNA

fragments 7-o"4 Kb tength fragmenLs were electrophoresed

against DNA size markers on r-r.22 150-3oo mr agarose gels.
The gels were run in IXTAE at 30V o,/n or IOOV for 6 hrs.
The gels \¿ere stained in IXTAE containing 0.5 ug/nl EtBr

for 20 minr following the run"

Polyacrylamide GeI Electrophoresis (pAGE)

'Polyacrylamide gels were prepared according to
Maniatis et a1" (1982)" Rest,riction enzyme digestioni
(20-25 uI) in IXPAGLB were run against DNA size markers.

The gel concentration was chosen by considering the

fragment sizes expected. The gers s¡ere run in rxrBE for
7 mA o/n or loo v for 4 hrs. The gels v¡ere stained with
EtBr (O.S ug/m1) in IXTBE for ZO minr following the run.

Phenol Extraction

One half to equal volume of redistilled phenolr

saLurated with I0 mM Tris pH 7"4 / O"1 mM EDTA at room
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temperaturêr v/as vortexed for 30 sec. ínto the DNA sampre.

FolIowing separation at room t,emperature (IO-15 min)r the

cont,ents were centrifuged for 2 min" The upperr âeuêous

phase hras removed and transferred to a clean tube.

Chloroform-Isoamyl Alcohol Extraction

DNA samples were mixed for 30 sec. with an equal

volume of chloroform-isoamyl alcohol (242I w/v), The

emursion v/as cenÈrifuged for 2 min" The upperr êeuêous

phase was removed and transferred to a clean tube.

Ether Extraction

Diethyl ether (5X volume) was vortexed into the DNA

sampl.es for 5 min. The phases $¡ere separated by

centrifugatíon for 2 min. The upper layer sras re*ov.b and

discarded" The residuar ether was evaporated with a gentre

air stream appried by Pasteur pipette. The procedure was

repeated 3-4X"

Isoamyl Alcohol Extraction

A 3x vorume of isoamyr arcohor !¡as shaken into the DNA

sample for 30 sec. Following phase separation ( g min),

the upper phase r^¡as removed and discarded" The extraction
was repeated 3-4X,
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Ethanol Precipitation

A l/ro volume of 3M NaAC pH 5.2-s.s was mixed into the
DNA solution" Thent 2"5 volumes of cold (-ZOoC), 95g EIOH

$¿ere mixed in. The DNA was precipitated overnight at 2ooc,

or for 2-4 ]nrs at -7ooc. The tube $¡as centrifuged for 10-15

min in an Eppendorf microcentrifuge" The supernatant vras

poured off and discarded" The pel]et hras washed r+ith I ml

of cold (-ZOoC), 7OZ Et,oH. The tube \,/as recentrifuged for
2-5 min- The wash v¡as repeated t íf required. The DNA

peIlet hras dried in vacuo for 5-ro min and resuspended in
the appropriate voLume of TE buffer.

Source of the rpl. If cDNA Clones

The cDNA clones to rpt If mRNA : pRp52 t 52et 52-3r and

528 Here kindly provided by Dr" M" L" Duckworth (Department

of Physiologyr University of Manitoba)

E" Restriction Enzyme Mapping of the rpt rr cDNA crones

The rPL rr cDNÀ clones hrere initially excised from the
plasmid vector with restriction enzymes and sized by elec-
trophoresis against DNA size markers. Thenr the clones

were mapped for restriction enzyme sit,es to determine the

orientation in the vector and to faciritate subcloning into
the Ml3 vectors"

Digestions were performed with a series of restriction
enzymes (see General Methods)r in paralleI with pATl53 DNAr

for 17-24 hours" The digestion products were
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erectrophoresed against knor¿n DNA size markers and pAT153

fragments" The sizes of the cDNA fragments v¡ere computed

from a standard curve of the migraLion distance versus the
1og of the number of base pairs of the reference DNA

fragments" The location of the restriction enzyme sites
$¡as determined "

F" Subclonin rPt fI cDNA Clones into MI3 Vectors
Host CeIIs

The JMI-01 host.cells !,rere E" colir strain RL2"

(Genotype: 
^ (Iac-pro) supg thipt pro+ lac íqz 

^M15
traD36 " )

Materials

Difco Bacto-agar,

extract vJere purchased

Bacto-tryptone and Bacto-yeast

from BDH (eooler UK) "

Media

Distilled deionized Hzo (dHro) was used for preparing
the bacterial media.

Minimal Glucose Media plates (30 plates/l)
Fifteen g of agar were mixed into 5oo mI of H^o" rn a

¿

separate flaskr 500 ml of 2x sart solution ( 2ox stock ;
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2log K2HPo4i 20 g (NH¿)rson and ro g Na citrate/r H2o vrere

made" The two solutions hTere autoclaved separately.
After cooling (-5Soc), the solutions were mixed under

sterile conditions" Thenr 1 mr of 1M Mgson (sterile)r
500 uI of 13 thiamine-Hc1 (sterile) and lo ml of 2oz

glucose (sterile) were mixed in. The plat,es were poured

and stored at 4oc.

2XTY Broth

sixteen g of tryptoner ro g of yeast extract¡ 5 g of
NaCl and 2 ml of 4N NaOH /t dH2O" The solution was

autoclaved and stored at, room temperat,ure.

TYE Media P1ates ( 3O plates/l )

Ten g of tryptoner 5 g of yeast extractr g g of NaCI

and 15 g of agar/l dH2o" The sorution sras autoclavedr

cooled and plates poured" The prates were stored at Aoc.

H Top Agar

Ten g of trypt,one, I g of NaCl and g g of agar/I HZO"

The sorution was aut.ocravedr dispensed aseptically into
50 ml aliquots and stored at room temperature.
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Methods

Maintenance of JMI01 F' Host Ce1ls

The JM101 host cells \,/ere maintaíned on minímal

glucose medium plates to maintain the F¡ phenotype since
the F-pilus is required for M13 infection. Because of a

chromosomal deletionr cells rackíng the F' plasmíd do not
cont,ain the proline gene required for survivar on the

minimal medium"

A loopfur of an overnight culture was streaked to
individual colony density on a minimal glucose plate. The

plate was incubated at 37oc for 2 days. The plate hras

stored at Aoc. The celIs \.Iere passaged, in this mannerr ât
least once a month to maintain the Fr phenoLype"

Overnight Culture of JMIOI Host CeIIs

A single colony from a minimal glucose plate !¡as

inoculated into 5 ml of 2xry broth. The cells \{ere gro\{n

overnight at, 37oc in a shaking incubator.

Preparation of JMIOl Competent Ce1ls

The calcium-dependent procedure for bacteriophage DNA

infection (Mandel and Higa t r97o) was emproyed for the

introduction of recombinant MI3 RF DNA.
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A r:100 dilution of an overnight culture $¡as made in
2xrY broth- The cells were grov¡n for r-?- hrs in a 37oc

shaking incubator to mid-Iog phase (Arro< 0.4)"
rn 50 ml corning centrifuge tubes t 40 ml of cells \,¡ere

centrifuged at 1 K for 5 min at 5oc (r.n.c. pR6OOO)" The

iupernatant was poured off and the pelret resuspended in
2O mI of coldr sterile 50 mM CaClr" The resuspension Í¡as

incubated on ice for 20 min. The celrs v¡ere recentrifuged
for 5 min at 1 K at 5oc. The supernatant was poured off
and the cells resuspended ín 4 ml of cord¿ 50 mM cacl,
(i.e. L/to of the original volume). The cells were stored
on ice ín the Aoc cold room for a maximum of 4 days.

Trançformation efficiency was híghesL in the first 24

hours "

M13 Vectors

M13 mp8, mp9 (messing and Vieira t l.g12) and mpl8

(Norrander et aI.¡ 1983) were used as vectors for
subcloning t,o rpl, II cDNA

Messing and Vieira (1982) engineered Ml3 vectors which

contain a cloníng cassett,e of unique restriction enzyme

sites for the insertion of cDNA in an intergenic region.
The cassette does not interfere with the essentiar virat
functions. rn M13 mp8 and mpgr Lhe cloning sites are
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reversed to facilitate asymmetric croning. Ml3 mplBr a

vector similar to M13 mp8 and mpgr carries additional
unique sites i+ithin the cloning cassette (Norrander et af.¿

1e83 ) .

Ut,ilizíng the M13 mp8 and mp9 vectors t rpL II cDNA

fragment,s r.¡ere croned forcibly in some cases. since the

cloning sites of the two vectors are mirror imagesr

fragments r.¿ere inserted in opposite orientations permitting
nucreotide sequence analysis of both strands in opposÍte

direct ions "

PreparatÍon of M13 RF DNA

M13 mp8 and mp9 RF DNA r,¡as isolated, in parallel

preparations, from a large scare alkaline lysis preparation
(modification of Birnboim and Doly t 1979) and purified on

two CsCl gradients. The RF DNA lras used as the cDNA

cloning vehicle"

Growth and Collection of Cells

Five hundred mI of prewarmed (gZoC) Zxry broth !¡ere

inoculated wíth 5 mr of a JMlol overnight curture. The

culture v¡as grolrn for l--Llz hrs at 37oC in a shaking

incubator" The culture \4ras infected with 0"5-I mI of Ml3

phage stock (see fnfection of JMIOI Host Cel1s) and grown
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for an additional 4-6 hrs (Arro = 0"3)" The ce1ls were

harvest,ed in 5oo ml bottles spun in a JAlo rot,or (geckman

J2-2L centrifuge) for IO min at 6 K rpm at Aoc' The

supernatant was poured off and the peIlet placed at -2OoC

overnight "

Lysis

The thawed pellet v¡as resuspended in 9 mI of lysis

buffer (25 ml"l Tris pH 8'Or 10 m["l EDTAr 50 mt"l glucose) with

aPasteurpipett,e.onemloffreshlysozyme(2omglml)was
addedandthemixLurewasincubatedonicefor15min"Ten

ml of fresh 0.4 N NaOH / 2% SDS v¡as gently sv¡irled into the

sotution. The samples were incubat'ed on ice for an

addit,ional}5min.Ina30mlCorextubelthesampleshTere

centrifuged ín a JA2O rotor (J2-2I) at 15 K rpm at AoC for

20 min. The clear supernatant s¡as t'ransferred to a 50 ml

Corningcent'rifuget'ubeandextractedwithanequalvolume

of phenol/chloroform shaken into the solution for 5 min'

The emursion was separated by cent,rifugation at 3 K rpm

(pR6ooo), at Aoc for 10 min' The upperr âÇueous phase was

transferredtoal5omlCorexbottleandprecipitat,edwit'h
2"5 volumes of cold t g5Z EtoH and I/LO volume 3l'1 NaAc pH

4.8. The solut'ion was placed at' -2Ooc o/n'
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The precipitate was corrected by centrifugation in a

JS7"5 rotor (J2-2L) at 7 R rpm at 4oc for 30 min. The

ethanol !¡as poured off and the peIlet \,¡as r¿ashed with 25 ml

cold t 70% EtoH" The sample was respun for 10 min. The

ethanol sras poured off and the pellet dried in vacuo for 15

min- The DNA v¡as resuspended in 20 m1 of ro mM Tris pH

B.O/TmM EDTA"

CsCI GradÍents

CsCl (ret-technical qrade), I g/nLr \^rês dissolved in
the DNA solution in a 50 ml corning centrifuge tube wrapped

in foil" when dissolvedr 2"o ml of EtBr (10 mg/ml-freshr

filtered) was added. The mixture !¡as placed in 40 mI

Beckman polyallomer quick-sear tubes " The tubes were.

filled with mineral oilr balanced and heat-sealed. The

phage DNA was separat,ed from the E" coli DNA by

centrifugation in a Ti60 rot,or (Beckman Model L5-65

ultracentrifuge) at 35 K rpm for 60 hrs at 2OoC.

In the darkr the lower phage band Ì.¡as visualized by

long-wave uv Iight," The top of the Lube was pierced" The

phage band was recovered by insertion of a 3 ml syringe
fit,ted with an 18 gauge needle just below the band" The

phage DNA was slowly drawn off . The EtBr \.ras removed r+ith

3-4 isoamyr arcohol extractions" The volume was increased
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to approximately 5 m1 with sterile HZO" The DNA was

precipitated with 2.5 volumes of 9sz EtoH and a r/to volume

3M NaAc pH 5"2 in 30 ml siriconized corex tubes. The

solution \,¡as placed at -2}oc overnight.
The DNA was recovered by centrifugation at 12 K rpm at

'4oc for 20 min. The pellet v¡as washed with ro m1 of 7oz

EtoH and desiccated in vacuo for 15 min. The pellet was

resuspended in 20 mL of 10 mM Tris pH B"O/L mM EDTA and

prepared for a second gradient.

The second cscl gradient rlras carried out, in exactly
the same \.¡ay as the first" The recovered DNA pelIet $/as

resuspended in 25o ur of 10 mM Tris pH 7"4/o"t mM EDTA. A

1:100 dilution of DNA in sterile Hzo (g ur- + 297 ul) vras

made and the preparation rvas quantified by spectrophoËo-

metry (az.o ). The ratio of A zao /A zso was carculated as an

indication of purity"
The DNA was diluted to r ug/uL and stored at -2ooc in

20 ul aliquots"

Cleavage of the M13 RF DNA

M13 RF DNA (Z"O u9) \,ras digested r¿ith the appropriate
restriction enzyme(s) and buffer(s) in a total volume of
20 ul - single digestions were compreLed in 3 hrs and

double digestions in approximat,ety 6 hrs to prevent DNA
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degradation¡ by exonuclease cont,aminants in the restriction
enzyme solutions"

complete digestion was verified on a rB agarose mini-
gel" The cleaved DNA (1OO ug/uL) was stored at AoC for up

t,o I wk"

Calf IntesÈinal phosphatose (CIp) Treatment

M13 RF DNA cleaved wiLh a single restriction enzyme or
having two "blunt ends" \,ras treated with CIp to prevent

sel f-1 igation "

Mat,erials

crP was purchased from Boehringer Mannheim (tutontrealr

PQ)".

Method

one hour before the complet,ion of restriction enzyme

digest,ion of the MI3 vector DNA, 2"5 units (:t uI) of CIp

was mixed into Lhe reaction. The DNA was incubated at 37oc

for t hr.

The completed reaction was incubated at o5-7ooc for ro

min" one hundred ul of 10 mM Tris pH 7.5/o"t mM EDTA rvas

added" The DNA sample was extracted 2X with phenol (SO ul)
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and 3-4X \,¡ith diethyl ether (5OO ul).
tration of M13 RF DNA $ras lO n9/ul-"

The final concen-

obtained from Boehringer Mannheim

Preparation of the rpl, II cDNA for Subclonin

The cDNA in the plasmid (2"O ug ) \.¡as digested with

and buffer(s) for 3-6appropriate restriction enzyme(s)

in a total volume of 20 ul.
complete digest,ion \,ras verified on a 18 agarose mini-

gel. The cleaved DNA (fOO ug/ul-) was stored at Aoc for up

to I r+k"

L igations

Materials

T4 DNÀ ligase $¡as

(Montrealr pO) 
"

Reagents

10x Ligation Buffer (r.OxLB): lM Tris pH 7.5t lM Mgcl

150 mM DTT and I0 mM rATp in sterile H2O.

Methods

the

hrs

Se1f-Ligation of M13 RF pNA

As a control for the ligation
cleaved with a single restriction

efficiency¡ M13 RF DNA

enzyme $ras self -ligated,
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Double cut or crp Lreated vector DNA r.¡ilr not religate.
Twenty ng of cleaved Ml3 RF DNA were mixed with o.5 ul

of 1OXLB and 1 unit (0.5-I.O uI) of t4 DNA ligase. The

reaction v¡as brought up to a finar volume of 5 ul with
sterile H.o. The reactíon was incubated at r4-l6oc¿

overnight" The final concentration of M13 RF DNA was

4 ng/uJ-.

Ligation of M13 RF DNA with rpl, rr cDNA Frasments

A 3:1 molar ratio of rpÏ, rr cDNA fragments to Mr3

vector hTas used in trre rigat,ions. Twenty ng of Mr3 RF DNA

and 100 ng of cDNA were mixed with 0.5 ul of roxlB and 1

unit (O"S-f "O ut) of T4 DNA ligase. The react,ion was

brought to a final volume of 5 ur with sLerile Hzo. The

reaction !¡as incubated at r4-l6oc o/n. The final
concentration of Ml-3 RF DNA was 4 ng/uL. The amount of
enzyme was doubred for "brunt end" ligaLions since
ligation of "blunt ends" is much less efficient than the
ligation of "sticky ends""

Transformation of JM10I Host Cells
when M13 infected JMlOl host cells are plated out on

lawn of uninfected celrsr transformants are characterízed
by plaques or regions of retarded growth" since plaque
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fornatÍon does not differentiate betveen ceIIs infected ruÍth

native H13 and those infeeted vith reco¡¡binant H13 bearing

foreign cDNAr âIt additíonaI colorinetric selection nethod is
used.

The F' JH101 host cells carry a defectlve
p-galactosidase gene. Introduction of native M13 into the

host cells results in a functional p-galactosidase gene by

complementation sinee HL3 carries the missing portion of the

Ê-galctosidase gene. The gene can be induced by

introduction of the inducer, IPTG. Addition of the lactose

analogue, BCIG, to the medium results in plaques vith a blue

perimeter since the Ê-galactosidase cleaves the BCIG to a

blue .dye, bromochloroindoxyl.

Insertion of foreign cDNA into the H13 cloning si.tes

renders the p-galactosldase gene non-functional. Therefore,

plaques from the infection with recombinant H13 phage are

coLorless and can be differentiated fron the blue

non-reconbinant plaques.

Haterials

Bromo-chloro-indolyl-beta-galacroside(BCIG) vas

purchased from Sigma Chemical Company (St. Louis, M0).

Isopropyl--beta-thio-galactopyranoside (IPTG) was obtained

from Boehringer Mannhein (Montreal, P0).
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Method

The following amounts of DNA !¡ere used t,o transform

the competent host cells: 2 ul of I ng/vl ¡,113 vector
(control for transformation efficiency); 5 uI of I ng/ul

cut and religated 1413 vector (control for ligation
efficiency); 5 uI of 4 ng/ul "blunt end" tigation; 2 ul and

5 uI of 1 ng/u\ "sticky end" ligation; and 2 ul of a l:lOO

dilutionr in 10 mM Tris pH 7 "4/L mM EDTA t of SSDNA

(isolated from rnedium of infected cells) or DSDNA (isolated

from cellu1ar pellet of infected cells ) .

The appropriate amount of DNA $¡as mixed with 300 ul of

JM101 compet,ent cel1s in 1O mI r sterile culture tubes and

incubated on ice for 40 min" The cells r,Jere heat-shocked

in a 42oc H^o bath for 3 min.¿-
At room temperaturêr 2OO ul of fresh JM101 (1:10

dilution of an overnight culture in 2XTY groi{n for
LLr-2 hrsr t,o mid-log phaser êt 37oC in a shaking

incubator)r 20 ul of IPTG (ZO mg,/m] in sterile HZO) and

20 uI of BCIG (2O mglml in dimethylformamide) r¡ere added to

each tube. The tubes \.¡ere vortexed. Three ml of moltenr

we1l-mixed H top agar (-SSoc) were added and carefully
mixed in. The mixture v¡as poured onto TYE plates and

spread over the surface. The plates were incubated at 37oC

overnight" Plaques $Iere observed on t,he following day"
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uncut vector and religated vector v¡ere expected to give
more than 500 blue plaques per plate,

The colorimetric plaque assay $/as employed for the
serection of recombinant clones. Howeverr in some câsêsr
the assay was not an adequate means of serection. some

restriction enzyme digestions of the rpL rr cDNA led to the
insertion of pAT153 DNA fragments into the Mr3 vector.
Thereforer praques \"Iere colorless yet did not contain
rPL II cDNA recombinants.

Colorimetric plaque Assay

'rn cases where the plaque assay r4ras an adequate means

of select,íonr 20 colorless plaques of each subcrone "Lr"
picked "

Plaque Hybridization

Recombinant clones which could not be serected solely
on the basis of the colorimetric plaque assay $¡ere

identified using the Benton and Davis (rg77) plaque

hybridization method" The phage DNA in the plagues was

transferred to nitro-cellulose (UC) filters and hybridized
to nick-translated (nigUy et aI"r I7TZ) rpf II cDNA probes"
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Materi aIs

Nitrocellulose (Nc) discs (ea 85; O.45 um; g2.S mm)

r^¡ere purchased from schleicher and schuerl (Keener NH).

The nick translation kit was purchased from Amersham

(oakviller ont)" The o-[ttp]-dcrp (3ooo cilmMol) was

obtained from New England Nuclear (Lachine, pe).

Reagents

IXSSC: 0.15 M NaCl; 0.015 M NaCitrate pH 7.O

4XDH: A modification of Denhardt's sol_ution
(Denhardtr 1966). I g Ficol1 4OO¡ B g pvp-360; and

SsBSA/1

SSC+DH: 6XSSC; 1XDH; and 0"13 SDS

SSC+pH+: 6XSSC; IXDH; 0"lB SDS; I uglml poly(e); and

50 ug/mL denatured salmon sperm DNA

stopping buffer: 20 mM EDTAI O"2Z SDS; and 2 ng/n\
denatured salmon sperm DNA

Methods

DNA Transfer

The prates \.¡ere chirred for at, least 2 hrs at Aoc. A

Nc disc was praced on a reprica plating block and marked

with the number of the plate and3 osyrlmeLric lines. The

plate was placed on Lop of the NC and removed immediatelyr
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$¡it,h the disc adhering to iL" White the NC was vet,tingr the

bottom of the plate $ras marked with correspondingoqymmetric

lines. The filter v¡as stabbed through with a fine needler

dipped in black India inkr in 3 places" The disc vras

carefully lifted off the pIate.

The transferred DNA was denatured and fixed by

immersion¡ phage side upr into a solution of O.1 N NaOH,/I.5

1"1 NaCl t for at least 30 sec" The filter was neutralized by

2 immersions in O"2 lvl Tris pH 7"5 and a final immersion in

a solution of 2XSSC" The solution volume $ras 50 nL/filter"
The filters v¡ere inverted in each subsequent immersion"

The fílters v¡ere air dried at room temperature on a sheet

of Whatman 3 MM paper and baked for 2 hrs ín vacuo at, 8OoC.

Prehybri di zation

The filters hrere wet in a plastic box containing

25O ml of 6xSSc (room temperature). The filters $¡ere

prehybridized in a sealable plastic bag (oazey Seal-a-Mea1 )

in a volume of 6 ml/fílter in a 65oc shaking wat,er bath as

follol¡s: 6XSSC for 30 min; SSC+DH (prewarmed and degassed)

for 3 hrs; and SSC+DH+ (prewarmed and degassed) for at

least t hr"

When time was limitedr t,he fiIÈers were wet in 6XSSC
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in the final solution (ssC+ott+) for 3-4

Nick Translation

Nick transrations were performed folrowing the kit
instructions with minor modifications. Fifty to 2oo ng of
recombinant plasmid \.¡ere combined with 4 ut of solution #r
(nucleotide buffer solution containing dNTprs in Tris/HcI
pH B"0r MgCl2 and 2-mercaptoethanol) and 7-10 ul of
It'P]-dcrp (7o-loo pci). The reaction volume v¡as brought

up to 20 ul with sterile dHzO. Tr¿o ur of sorution #2

( enzyme sorution containing DNase r and DNA polymerase r in
Tris/HCl- pH 7"5t MgCl2r glycerol and BSA) was vortexed into
the reaction and the contents spun down. The reaction was

incubated at 1¿-16oc for 90 min. The reaction v¡as stopped

with the addition of 20 ul of stopping buffer and 4 uI of
10 mg/ml yeast IRNA. The mixture lras vortexedr sputr down

and incubated at 65-6BoC for 15 min.

A 1 ul aliquot \.{as removed for TCA precipitation.
The reaction (qa ul ) $¡as separated by chromatography

on a 3 ml column of sephadex G-r00" The elution buffer r+as

10 mM Tris pH 7 "¿/l mM EDTA" The nick translated DNAr in
the first peakr lrês collected in 2 drop fractions and
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pooled (*r m1)" The fractions from the second peak of
unincorporated dNTpts were discarded.

A I ur aliquot of the pooled fractions \^¡as removed for
TCA precipitation"

rn two 10 ml glass tubesr Èhe 1 ur aliquots of nick
translat.ed DNA, 1 ul prior to and 1 ul folrowing column

chromat,ographyr vlere vortexed into a solution of 3 mI cord
108 TcA, 0.1 ml 10 mglml BSA and 0"5 ml o.2 M Nappi. The

samples were chilled on ice for 15 min.

The precípitate vras coLrected by filtration through
Whatman cE/C filters (2.4 cm) using a sintered glass
filter-chimney apparatus (Mirlipore)" The samples were

pipetted onto the filtersr under suct,ion¿ and rinsed r+ith
20 ml of cold 5z rcA" The firters were dried on tin foirr
under a heat lamp" The filters $¡ere count,ed Ín omnifluor
(New England Nuclear z 4 g/L of Loluene) by 1iquid
scintillation spectrometry.

Hybridization

The nick translated probe was denatured in a boiling
HrO bat,h for 5 min" The required amount (SOO¿OO0 cpm/ml)

Trichloroacetic Acid (fCa) erecioitation
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r,ras mixed into a prewarmed (Osoc), degassed sotution of
SSc+DH+ ( 3 nI/fj-lter) "

The prehybridizat,ion fluid r^¡as removed from the bag of
filters and the probe sorution poured in. The bag s¡as

resealed and submerged in a 65oC shaking HrO bath. The

hybridization !¡as incubated for 17-24 hrs.

V'lashing

The hybridization fluid was removed from the bag of
filters and stored at -2ooc for 1 weekr to be reused in
subsequent hybridizations "

The filters r.¡ere washed stringentryr in prastic boxes

in a shaking Hro bathr ês follows z 4x at room temperature

for ìO min in 2xsscr O.IB sDS (ZS m1,/filter); and 2x at
65oC for 90 min in IXSSCr O.18 SDS (ZS nl/fíIter).

Aud i orad i ography

The washed filters hrere wrapped in plastic i.¡rap

(numbered side up). pieces of tape hrere marked with
radioactive ( [ t. p] ) Indía ink at the location of the

asymmetric 1ines. The fil-ters hrere numbered with the rhotl

ink" The ink was allowed to dry and covered with scotch

tape. The labeled filters \.¡ere placed on a sheeL of
whatman 3MM paper in a cassette (eicker), covered with a
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sheet of film (Xodai< X-Omat AR) and a screen (Oupont

Lightning Plus) and exposed at -7OoC for 2 hrs. Exposures

v¿ere increased if 2 hrs v¡as not sufficient to detect
positive plaques

The developed films \{ere arigned with the firtersr
using the marks left by the radioactive ink. The films
were marked, with a red fert pên¿ in the positions of the
asymmetric dots on the filters. The films v¡ere invert,ed
and placed on a light, box. The agar plates srere arigned
with the marks on the film and positive plaques

corresponding to colorless praques were identifíed.

Preparation of SSDNA Template

fnfection of JMl0t Host, CelIs

J.OJ- overnight culture in 2XTy

broth hras grown for L-L\ hrs at, 37oC in a shaking

incubator "

Aliquots of 1 ml of the fresh cult,ure were dispensed

inLo steriler 10 ml culture tubes. Each tube was

inocurated with the viral particres from a single praque¡

by stabbing a sterile, wooden toothpick into the centre of
a plaque" (trre fresh cult,ure courd also be infected with
titred phage stock. ) The tubes $¡ere shaken at 37oc for
4, hrs.
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The infected curtures were transferred to 1.5 mr tubes
(Eppendorf) and centrifuged for 15 nin fn a Beckman

nicrocentrifuge. The supernatant (= phage stock) vas

transferred to a crean tube. rf the phage stock was not

processed immediately, Ít !¡as stored at 40c for a maximum of
24 hrs and recentrifuged to remove bacteriar cerrs, prior to

sSDNA isoratÍon. For rong term storage of the phage stock
10ul of cHcr3 vas vortexed in. The stoek vas stored at 40c

and titred prior to re-infection of the host ceIIs.
The pellet (= infected ceIls with DSDNA) vas stored at

-200 c .

SSDNA IsolatÍon
Haterials

carbovax PEG 8000 (prevÍously carred 6000) rsas obtained

from Pisher Scientific, Ltd. (Fair Lawn, NJ).

ì'!e t hod

The SSDNA isolation !¡as performed at room tenperature

and all solutions !¡ere, also, at room temperature.

FollovÍng centrifugation of the phage stockr 200 uI of
2.5 M NaCl-202 PEG were added to each supernatant and mixed.

The tubes vere alloved to stand on the bench for 10-15 min.

The viral precipitate vas collected via a 10 nin centri-
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fugation. The supernatant vas removed and the residual pEG

solution sucked otf the pellet with a dral¡n out capirlary
attached to a 5 mr syringe. The tubes were respun for 10

sec and any renainÍng PEG removed.

The viral pellet vas resuspended in 100 uI of 10 mM

Tris pH 7.4/0.L mM EDTA by vortexing for l0 sec, Ietting
stand for 5 min and vortexing again for 10 sec. The viral
protein coat l¡as removed by phenol extractlon (50 ul),
folrol¡ed by chroroform-isoamyl arcohor extraction ( - 100 ur).
The DNA vas EtOH precÍpitated at -zOoC vith 10 uI of 3 H

NaAc pH 5.5. and 250 uI of 957. ErOH.

The DNA precipitate vas pelleted, vashed and dried in
vacuo. The DNA vas resuspended in 25 uI of 10 mM Tris pH

8.0/0.1 mM EDTA

A L-2 uI aliquot of the SSDNA nas electrophoresed on a

Lz agarose minÍ-ger, with H13 ssDNA¡ to nonitor the temprate

DNA recovery. Recombinant SSDNA had a reduced

erectrophoretic mobflity. The remainder of the sampre r¡as

stored at -20oC.

The SSDNA isolation !¡as scaled up vhen more tempLate

was required.
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DSDNA Isolat ion

In some cases, the DSDNA vas isolated from the peIlet
of Ínfected cells in order to characterize the recombinant

subclone DNA by restriction enzyme analysis. The small

scale alkaline Iysís method (Maniatis et aI., L982) was

used.

G. DNA Sequence AnalysÍs

The efficiency of the Sanger dideoxy method.has been

improved by utilÍzing several nodificatfons.
An M13 specific universal primer (Duckvorth, et aI.,

1981) vas used. the 17mer primer can be used for any DNA

fragnent cloned into M13 vectors slnce it is complementary

to a region in the 3' direction from the unÍque cloning
sltes. Therefore, the primer is extended 5t to 3,, by the

Klenov enzyme, using âs template the clonÍng site containing

the insert cDNA

Buffer gradient gels and J3sS¡ as described by Biggin

et aI. (1983) \úere used to increase the efffcfency of the

sequencing method. The buffer gradlent gets (5X buffer
gradient) reduce the vertical band spacing vith a high

buffer concentration at the bottom of the get. By using

I 
t ts] instead of I 

3 2r¡ as the radioactive label-, the band

resolution is increased. Sequenee reactions can also be
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stored for additionar gel runs due to the ronger harf-rife
of the I tus]. By combining the buffer gradient, gels and

the Itts] laberr the amount of DNA sequence information
derived from a single ge1 r,Ias increased,

Annealing lvll3 Primer to SSDNA Template

Materi al s

The M13 specific l7mer primer r.Ias obtained from

corraborative Research Laboratories (lexÍngtonr MA),

Method

For each ssDNA templater 7 uI of DNA v¡as placed in a

0-5 
Tt 

Eppendorf tube and mixed with 2 ul of primer (o"l
pmolr/ul of sterile nzo, stored at -2OoC) and 1.5 ul of
100 mM Tris pH 8.0/50 mM Mgclr" The contents of the tube

Iìtere spun dor+n in a microfuge and incubated in a 60oc oven

for I hr- The annealed primer-template was stored at

-2ooc t íf it was not used immediatery. The reaction $¡as

scaled up when more primer-template $¡as required.

Sequencing Reactions

Materials

The deoxynucleotides (dltets) were obtained from sigma

chemicar co" (st" Louisr Mo), The dideoxynucleot,ides
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(ddNTP¡s) were purchased from P. L" Biochemicalsr Inc.

(milwaukeer WI). The Klenor+ fragmentr large fragment E"

coli DNA polymerase I was obtained from Amersham (Oakville,

ont" ). The o-[ e'S]-dATPr specific activity 5O0 CilmMolr

v¡as purchased from New England Nuclear (Lachine, PQ) "

Reagents

All HrO was sterile, deionizedt

ddNTP stock solutions: 10 mM in

GO

0"5 mM dGTP 1 ul

0.5 mM dTTP 20 uI

0.5 mM dCTP 20 ul

50 mM Tris pH 8"0 5 ul

Formamide dye mix: 95?, deionized

mM EDTA

ddNTP working solutions: 0.10 mM ddGTP;

ddATPì O"25 mM ddTTP; and 0"O5 mM ddCTP

dNTP stock solutions: lO0 mM and 0"5 mM

.rcoldr dNTP mix: O.5 mM of each dNTP in

No solutions:

double-distilled"

5 mM Tris pH 7"5/O"I

0"025 mM

AO

in HZO

H20

TO co

20

20

20

5

ul 20 ul 20 ul

uI 1ul 20 ul

ul 20 ul 1ul
uL 5uI 5uI

formamide; 10 mM

EDTA; 3ts bromophenol blue; and 38 xylene cyanol FF"

(tf¡e solutions were dispensed in 50 u1 aliquots and

stored at -zooc)"
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rnitiallyr annealed primer-temprate $/as subjected to
single sequencing reaction (f) in order to evaluate the
template quarity and for screening recombinant clones.

In a siliconized 10 ml glass t,ube t 2L ul of Irr S]_dATp

l¡ere dried in vacuo for 20 min. The isot,ope $ras

resuspended in 25 uI of ddTTp and 2s ul of T solution.
The annealed primer-templates v/ere distributed in 2 uI
aliquots-into 20 capÌessr r.5 ml Eppendorf tubes. Two ul
of the resuspended isotope was added to each tube. The

tubes !/ere placed in a Beckman microcentrifuge.
The Klenovr enzyme $¡as diluted to o"r-0"5 units/ur with

cord 10 mM Tris pH B"or thoroughry mixedr spün down and

immediately distríbuted in 2 ul aliquots (using a

siliconized pipette tip) on the lip of each tube. The

enzyme was immediately spun into the tube (time = o)" At
time = 17 mint 2 ul of the cord dNTp mix was added to the
lip of each tube. At time = 20 minr the mix $¡as spun into
the tube- At time = 32 minr 5 ul of the formamide dye mix
was distributed to the lip of each tube. At time = 35 minr
the tube was spun and the reaction stopped with t,he dye

mix.
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The caps hrere replaced on the t,ubes " The reactions
rrrere denatured by heating for 3-5 min in a boiling H2O

bath. The samples were loaded immediately onto a gel.

ülhen t,he samples were not erectrophoresed immediaLely,

or sampre remained after loadingr the Lubes $¡ere stored at

-2OoC for I wk. The DNA v¡as denatured in the boiling H2O

bath prior to gel loading"

The GATC Sequence Reactions

Two uI of each annealed primer-template \.ras dispensed

inLo 4 capless 1"5 ml Eppendorf tubes (labeled Gt Ar Tr C)"

In 4 siliconized 10 ml tubes (Iabel1ed G¿ Ar T, C), 5 uI of

I tts]-dATP v¡as dried in vacuo" The isotope was resuspended

in 5'ur each of t,he corresponding ddNTp and N soluLion.
The resuspended isotope was dispensed in 2 ur aliquots

inÈo each of the 4 corresponding tubes containing the

primer-template" The tubes r\rere placed in a Beckman

microcent.rifuge (arranged according to Gr Ar Tr C).

The Klenow enzyme \.¡as diluted to 0"I-0.5 units,/uL with
cold 10 mM Tris pH 8"O¿ thoroughly mixedr spun down and

immediately dist,ributed in 2 ul aliquots (using a

siliconized pipette tip) to the lip of each tube" The

enzyme v¡as immediately spun into the tube (time = 0) " At

time = 17 minr 2 ul of the cold dNTp mix was added Lo the
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lip of each tube" At time = zo minr the mix was spun in.
At time = 32 minr 5 uI of the formamide dye mix s¡as

distributed to the lip of each tube" At time = 35 min, the

reaction $¡as stopped with the dye mix"

The caps vrere replaced onto the tubes" The reactions
r.¡ere denatured by heating for 3-5 min in a boling Hzo bath.

The samples were loaded immediately onto a geI.

when the samples were not electrophoresed immediatelyr

or sample remained after roadingr the tubes hrere stored at

-2ooc for I wk. The DNA was denatured in the boiling H2o

bath prior to ge1 loading.

Some recombinant crones displayed regions of secondary

struçturer due for example to homoporymer tairs. Subsequent,

sequencing reactions were incubated at 3O-5OoC in a H.2o

bathr following addit,ion of the Klenow enzyme, The number

of units of Klenow enzyme per reacLion was arso increased"

Sequencing Gels

T-track analysis was performed on I regular ¡ gels

whereas GATC sequence reactions v¡ere electrophoresed on

buffer gradient plus"

Materials

The glass plat,es (3mm x 20cm x 40cm; I pIate,/pair
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'rabbit eared' with a L6.5 cm x zem notch) and vertical srab
gel apparatus !¡ere purchased from Raven Scientific Ltd.
(Eaverhilr, uK) . Repracement glass plates were obtained
from KÍIdonan GIass (Winnipeg, HB). Spacers (i.cm x 40cm)

and combs (20 velr) vere cut fron 0.35 mm thick plastikard

sheets obtained from Slater, s Ltd. (Hatlock Bath,

Derbyshire, UK). Gibco (BurIington, ON) supplied the BRL

sequeneing gel sealing tape. The dimethyrdichroroslrane
striconizing solution and analyticar grade Amberrite ¡{B-1

monobed resin vrere supplied by BDH (PooIe, UK). UItra pure

schwarz-Hann urea !¡as purchased from canadÍan scientific
Products (London, 0N).

Preparation of the GeI PIates

The geI plates !¡ere cleaned scrupulously to prevent

bubble formatÍon. The plates vere washed vith soapy Hr0 and

952. Et0H. tr{hen dry, the plates vere cleaned with Windex.

The top, notched plate !/as sÍliconized to aid ln geI pouring

and prevent tearing of the 9e1., In a f ume hoo.d, 5-10 mI of

siriconizing sorution !¡as viped over the prate and alroved

to dry f or 10-20 nin. The plate vas rinsed \,¡i th Er 0, gSX

EtoH and creaned vith windex. The side spaceis !¡ere cramped

into the plates and the botton and the sides were sealed

with the gel sealing tape.
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Preparation of the Sequencing GeI Solutions

Regular GeI Solution

Regular geI solutions (62 acrylamide/8M urea) for f

track analysis vere made up in 300 mI batches. This !¡as

sufficient solution for 6 gels. Urea (L44 B)' aerylamide

(17.1 g) and bis-acrylamide (0.9 g) were brought to a volume

of 250 mL r¡ith Er0 and dissolved by vigorous stirring on lov

heat for 30 min. The solution vas delonized with 10 g of

Amberlite MB-1. The resin was stirred gently t+ith the

solution for 30 min, then removed by filtration through a

sintered glass filter. The solution vas then brought to 300

mI r*¡Í th 30 mI of l0XTBE buf f er and Hr 0, and f ine partf cles

!rere,,removed by f iltration through a nitrocellulose f il-ter
(Hillipore HA 0.45 um). The gel mix !¡as stored at 40C in

the dark for up to 1 wk.

Buf.fer Gradient GeI Solutions

GATC sequence reactions were analyzed on 5X buffer

gradient gels (6i( acrylamide/8H. urea). Solutions for I gels

vere made once a veek. The first solution, 0.5XTBEr !¡as

made up of urea (153.6 B)' acrylamÍde (8.2 g) and

bis-acrylamide (0.5 g). The reagents vere brought to a

volume of 300 mI vith Hr0 and stirred vigorously on lov heat

for 30 min. Hhen the solids had dissol-ved, 15 g of

Amberlite HB-1 resin rlere added. The solution !¡as stlrred
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gentry f or 30 min. The resin !¡as renoved r¿i th a sintered
grass filter. The solution was brought to a finar vorume of
320 ml vi th 16mI 1OXTBE buf f er and Hr 0. The ge1 mix \,¡as

fÍrtered through a nitrocellurose filter (Millípore EA 0.45

um) and stored at 4oC in the dark for 1 wk.

The second solution, 2.5 XTBE, vas nade up of urea

(28.8 B), aerylamide (3.4 B) r bis-acrylamide (O.Z g) and

sucrose (6.0 g). The reagents !¡ere brought to a vorume of
40 mI l¡ith ErO and stÍrred vigorously on lol¡ heat for 30

min untir dissorved. Then, 4 g of Amerrite HB-1 resin !¡ere

added. The solution !¡as stirrd gently for 30 min. The

resin lras removed with a sintered glass filter. The

sorution l¡as brought to a finar volume of 60 ml vith 15 mI

lOXTBE buffer, 600 uI L07" bromphenol blue and Hr0. The ge1

nÍx was firtered through a nitrocerrurose firter (t{irripore
HA 0.45 urr) and s tored at 4oc in the dark f or a naximum of 1

week.

PourÍng the Sequencing Gels

Regular Gel

For one regular gel,35 uI TEHED and 350 uI fresh L07"

ammonium persulfate !¡ere mixed into 50 ml of the gel

solution. The solution vas taken up in a 50 nL syringe.
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with the prates tilted at a 30o angre from the horizontal
and sloped tol¡ard one side, the solution was poured in one

side. As the bot tom fitred, the plates lrere straightened.
The plates vere fiIIed to the top. Then, the plates !¡ere

rested horizontally on the bench, the combr cut from the

same piece of Plastkard as the spacers, inserted and the

sides cramped. The top of the gel vas covered vith a sheet

of plastic !¡rap to aid in the polymeriztion and prevent

desication of the vell-s. The ger \ras polymerized overnight,
although 

-1 
hr !¡as suf f icient vhen necessary.

Buffer Gradient Gel

,,For one gel, 59 ul TEHED and t48 uI f resh LÙr( ammonium

persulfate $¡ere mixed vith 30 mI of the 0.5XTBE solution.
In another beaker, 14ul TEHED and 35 ul fresh LOZ ammonlum

persulfate !¡ere mixed vith 7 nl of the 2.5XTBE gel solution.
In .a 50 ml syrlnge, 23 mI of the 0.5XTBE solution vere taken

up and set asÍde. In a 20 ml pipette, 4 nI of the O.SXTBE

solutíon $¡as taken up r f ollor¿ed. gently by 6 mI of the

2.5XTBE solution" The tvo phases !¡ere mixed slightly vÍth 1

or 2 bubbles. tr{ith the plates tilted at a 45o angle from

the horizontal and sloped tovard one síde, the solution in
the 20 mI pipette !¡as poured dovn one side in a 5 cm stream.

As the bottom filted, the plates vere straightened and
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lowered to a 15o angle to halt the fIov. The solution in
the 50 rnl syringe vas poured in a steady stream on the same

side as the first solution and then fanned across to the

centre. The plates !/ere filled to the top. Then, the

plates !/ere rested horizontally on the bench and the comb,

cut from the same piece of Plastikard as the spacers, !¡as

inserted and the sides clanped. The top of the gel !¡as

covered r¡ith a sheet of plastic r¡rap. The gel !/as

polymerized overnight.

Electrophoresis of the Sequencing Reactfons

The comb !¡as carefully removed and the plates and vell
slots rinsed vith Hr0. The tape at the bottom of the gel

vas sIit. The plates vere clamped to the gel apparatus,

vfth the notch against the upper buffer chanber. The buffer
chambers were filted l¡ith lXTBE buffer, nade from the same

stock as the 1OXTBE in the geI solution since conductivity
var.Íed with each batch, and the wells flushed vith a Pasteur

pipette to remove unpolymerized acrylamide and any urea

vhich had leached from the 9e1..

The wells vere flushed again just prior to Ioading.

The heat-denatured samples (2-4 ul) vere taken up in a

finely dravn out, precallbrated, capillary tube, and layered

into the l¡el1s. The order of loading vas GATC. The samples

!¡ere imnediately run into the gel (5 min at 28 mA).
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The pover !¡as then shut of f and 0.6 cm aluminun plates r¡ere

clamped to the front of the appara.tus. The alumÍnum plates,

slightly shorter than the ge1, ensured even heat

distributlon during electrophoresis. The upper buffer
chamber was topped up and electrophoresis continued at 28 mA.

T-track reactíons r otr regular gels, \,¡ere run until the

bromophenol blue dye front had reached the bottom of the gel

( 1-1 /2-2 hrs ) . The conplete GATC sequence reactions on

buffer gradient gels were run until the bronophenol blue dye

front, corresponding to fragments of approxinately 20 bp had

reached the bottom in 2-t/2-3 hrs. Longer clones vere

electrophoresed until the xylene cyanol dye front had

reached the bottom of the gel (5-6 hrs. )

Autoradiography

Upon completion of the run, the plates were removed

fron the ge1 apparatus and the tape taken off. llith a

spatula, the top, notched plate was pried gently off the

gel. The BeI, resting on the bottom plater !¡as covered vith
a piece of plastic mesh and fÍxed in a solution of LOZ

acetlc acld /tOí( methanol for 20 nin. The gel was Iifted out

of the fixative, drained and covered with a sheet of 3HM

paper (Whatman). The geI adhered to the paper and peeled

off the bottour glass plate. The gel vas then placed on

another sheet of 3HH paper and covered r.'ith plastie !¡raP.
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The gel $¡as dried on a slab gel dryer (Sionad) under vacuum

for t hr. Heat (gooc) rvas applied for the finar 30 min,

The plastic wrap v/as removed" The dried gel hras praced in
a cassetter coverêd with a sheet of film (xodar x-omat xAR)

and exposed overnight at 2ooc. Longer exposures hrere

performed when necessary.

Reading the GeIs

The sequence of nucleotides of the clones $/as read

from t,he autoradiogram of the sequencing gels. starting
with the smallest fragments¡ corresponding to first band at
the bottom of the autoradiogtam¿ the gel \,\ras read upwards

and the track in which each band appeared recorded" rn

Lhis'\nray, the complementary strand of the temprate was read

5r to 3¡ from the prímer.

H" Computer Analysis of the Nucleotide Sequence

The sequence $¡as analyzed by the DNA/protein seguence

analysis softwarer distributed by rnternational Biotech-
nologiesr rnc" (lqew Havenr cr) and v¡ritten by James M"

Pustell (eustell and Kafatosr l982a t 19B2bt I9g4) t on an

IBM-PC.

The secondary structure of the predicted protein v¡as

derived by a secondary structure analysis progrâm¡
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described by Garnier et al" (l9ZB) and kindly provided by

Dr" w. c" Bardwin (Department of chemistryr university of
Manitoba)r on an Apple II C,



- 130

IV. RESULTS

To obtain the conplete sequence of the cDNA to rPLII

nRNA, four cDNA clones from Day 18 placental IibrarÍes ltere

sequenced.

The initial clone, pRP52, vas found to represent only

the 3' third of the mRNA. The sequence translated into a

single open readÍng frame, including a TGA stop codon.

Comparison to rPRL nrRNA (Cooke et al., 1980) shoved

extensíve honology to the 3t end of the nRNA translation.
The rPRL vas used as a reading frame reference in subsequent

translations.

,,To obtain a more complete cDNA, pRP52A was selected and

analyzed. Sequence analysis shoved pRP52A to be a more 5'

clone, hovever it did not extend to the expected methionine

codon at the translation intitiation site. Clones pRP52-3

and. pRP52B !¡ere also analyzed. Although they both provided

more 5t informatlon, they also did not contain the initiator

methionine.

A. Restriction Enzyme AnaIYsis

Restriction enzyme digestions vere performed on all

the clones for estimation of the eDNA insert size. The
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estimated length and actual length (determined by sequence

analysis) of the cDNA inserts are shor¿n in Table 5"

PRP52A r+as ext,ensively mapped for restriction enzyme

sites because it was the longest clone. A polyacrylamide

ge1 of digested pRP52A is shor¿n in Figure 2. A summary of
the enzymes with which pRP52A was analyzed is shown in
Table 6"

B" MI3 Subcloning

A summary of the subcloning of the cDNA into the MI3

vectors is shown in Tab1e 7 " The subclones which !,¡ere

generated covered both strands and the restriction enzyme

sites used for subcloning s¡ere overlapped.

C. Nucleotide Sequencing

A representative buffer gradient sequencing gel of a

pRP52A subclone is shown in Figure 3" A summary of the

sequencing strategy is shown in Figure 4. The sequence of
the message and anti-message st,rands \.¡as read completely"

The sequence information from the four cDNA clones; pRp52r

52At 52-3 and 52Bt not including the poly A tail¿ totalled
807 bp" The length of the mature message is estimated to
be I kb (Ouckworth et, aI.¿ L9B4)" Therefore¿ BO% of the

message has been sequenced.
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TABLE 5

The estÍmated length vs. the length deternined þ¿
s e q u en c e anãEsFó-l-t ñFi ñs e-'r t s oT-tffiffiToñãs
RPTII ESÎIHATED LENGTH DETERHINED BY

cDNA CLONE LENGTH SEQUENCE ANALYSIS
(BP) (BP)

pRP52 300 308

pRP52A 7 40 693

pRP52-3 330 37 6

pRP52B 500 433

The cDNA insert vas cleaved from the unique cloning site of

the plasmid vector, pAT153. The inserts in pRP52, 52A and

52-3\llere released via PstI digestion, while that in pRP52B

!¡as released via EcoRI digestion. The digested DNA was

sized according to its electrophoretic nobility against DNA

sÍze narkers.
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Figure 2" 9r5% polyaçrylaTide ge1 of pRp52A and pAT153
digested with Hinclt áñd@

LANE

I

2

3

4

5

SAMPLE

ØxtZ¿ DNA - HaerII digest

pRP52A - PsEI/HincIf digest

pAT153 - PsET/HincII digest

pRP52A - HincII digest,

pAT153 - HincrI digest,

The HincII site in pRP52A was localized using the

information on this gel "
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Summary

Ac cI

BamEI

BcIII

BgIII

ClaI

HaefI

HindIII

HinfI

EpaI

HpaI I

Hs pI

Sa cI

SaI I

SnaI

TaqI

PIasmÍd pRP52A vas digested \,¡ith a serÍes of restrÍction
enzymes to determÍne vhich enzymes cleaved the eDNA. The

starred enzymes vere used in subcloning the pRP52A into M13

vectors.

TA

of Restriction
SITES FOR:

AluI

EcoRI*

FnuDI I

Hhaf

flincII*

PvuI f*

Sau3A

XbaI

BLE 6

Enzyme Analysis of pRP52A

NO SITES FOR:
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of the cDNA Subclonin into Ml3 Vectors

The subclones of the four cDNA clones are shown. s2A*

and pAT* indicate the nick-translated Itt-p]-cDNA probes

used in the plaque hybridizations.

The r¡hole inserts of crones s2 and s2-3 were croned

randomly into M213mpB because of the short, length of the

inserts" The recombinant clones were serected via the

colorimetric plaque assay" Both orientations of the clones

were selected.

The longest clone t 52At following ext,ensive

restríction mappingr $rês subcloned forcibly into the

complementary vectors¿ MI3 mp8 and mp9" The recombinants

rrtere'select,ed by plaque hybridization.
Clone 528 sras initially subcloned as a single

fragmenL" Further subclones were generated by utilizing
the restriction enzyme site for RsaI locoted by computer

analysis of the sequence" The fragments $¡ere subcloned

into M13mp18 because the smar and EcoRr sites in mp8 and

mp9 overrap" smar was chosen for creating the brunt end

site for the RsaI end insertion since Hinclf can be

contaminated with exonucreases. The exonucleases can

degrade the beta-galactosidase gene in Mr3 and render the

plaque assay useless" The forced cl-ones $¡ere sel-ected via
the plaque assay"
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Figure 3. Aut,oradioqra of 35-S-1abe11ed DNA frasment,s
enerat ideoxy chain te-mlnãtlõn

reactions.

A representative 6Z acrylamide / BM urea buffer gradient
sequencing gel run to the xylene cyanol dye front. The

sequence of the pRp52A subclone¿ slr begins at base 593 of
the cDNA and proceeds in the 3r direction of the sense

strand. The xbar site (rcteca) is crossed by the cIone"
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I40Figure 4 " s:gF.n"itg str.t"gn .r'td R.rtri"tio. M"p of ,pl,rr
cDNA"

A composite of the cDNA clones is represented rinearly
across the top of the fígure" The cDNA is shor+n in the mRNA
sense strand with the 5, end of the mRNA or NH2 end of the
protein at the reft" ððöðð{ indicates the predicLed signar
peptide" K indicates the coding region of the secreted
hormoner beginning at amino acid #l and ending at Lhe TGA
st'op codon - m corresponds to the 3r untransrated region
of the mRNA. only the restriction enzyme sites utilized for
M13 subcloning are shown across the top. The cDNA crones
are represented by øw . mm corresponds to the G-C
homopolymer tails used for insertion of s2, s2A and 52-3
into the Pstr síte of pATl53. The arroü¡s indicate the
restriction enzyme fragments of the cDNÀ clones subcroned
int'o the Mt3 vectors. The sequencing proceeded in t,he
direction of the arrows for the distance indicated by the
length of the arrow. The cDNA is numbered in base pairs
along the bottom.
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D. Computer AnalysÍs

A comprete restriction map of the rpLrr cDNA sequence

is shovn in Flgure 5.

The complete nucleotide sequence and predicted amino

acid sequence of rPLrr is shovn in Figure 6. The nucleotide
sequence translated into a singre open reading frame. The

mature protein is 191 amino acid residues in length. There

are no consensus glycosyration signars, Asn-x-ser/Thr (BahI

and shah, t977) vithin the transl-ation. There is a singre
basic dipeptide, Arg-Arg, at positions L67 and 16g; this
sequence could be a site of proteolytic cleavage, which is
often utirized in the processing of peptide hormones

(Docherty and Steiner, L9BZ).

The codon usage in TPLII, as shovn in Tables g and g,

is non-random.

The anino acid composition of the prinary sequence of
rPL.rr is shown in Tabre 10. The protein, incruding the

portion of the signar peptlde, has a carcurated mv of 24r954

daltons and an estimated pr of 6.47. The predicted secreted
protein has a calculated n!¡ of 

'ZLr693 
daltons and an

estinated pr 6.60. The secreted forn has four cysteine
residues which may be invorved in the formation of two

disulfíde bonds.

The hydropathy of the protein is analyzed in Figure 7"

The nolecure is most hydrophobic at the carboxyl end of the
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Figure 5.

The locations of potential restriction enzyme cleavage

sites determined by computer are shown. The sites
confirmed by restriction enzyme digestion and electro-
phoretic analysis are underlíned" The seguence is a

composite of the four cDNÀ clones. The enzymatically added

c-C tails ( 2Obp/end) are not shown. Clone 52 extends from

base #161-#814" crone s2A extends from base #16r-#gr4.
clone 52-3 extends from base +74-#410" crone s2B extends

from base #1-#433" 'The remnant of the poly A tract seen in
52A is shown at the 3r end.

Restrict ion rPLTI
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t47Figure 6 . The Nucleo!ige Seguence and predicted Amilno Acidseguence of rhe gRñÃco<1@ ry
The amino acid seguence $ras deduced from the standard genet,ic
code. The nucreotide sequence translated into a singre open

reading frame of 22L amino acids. rnitiation of transration
is assumed to begin prior to the first codon of the signal
peptide shown (designation of the signal peptide and

assignment of amino acid #1 will be described in the
discussion) and to continue until the TcA (OpAt) stop codon
(indicated by 

-)" 
The poly A addition signalsr AATAAA

(eroudfoot and Brownlee t 1976) indicated by øEõ&.8 r âEê found
25 and 83 bp. upstream from the poly A tail (indicated
by lÕ&Õ ) " The sequence includes 30 amino acids of the
predicted signal peptider 191 amino acids of the hormone

coding region and r(s bp. of the 3r untranslated region of the
corresponding mRNA"
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F¡GI..,RE 6

SQEIW 0F IIiE pRl.IA æpTìre FOR RpL-[

-10 1 to**
ACC CTG CTT Crf Tæ GAG qG.ry ¿gT TTT ççA çCA AAT T¡C æA Á18 lCC ACI GGA AGCrhr r-eu Leu leu rþ G[u cl¡r val TË sä A]r Ë Ë" Ë Ë *, ser rtr Gry se:

20 30

-CIG -TAC 
qAA æA GÏG GTr SA Ire ICG dC IÁC gI .qAT qAT Crr CCI rrA AAA 

"* 
,î.Iæu r¡æ Grn Arg var val s-u Gu s"' rñ ryr ñi frË Ëi Ëä Àt Ër^ iË üåï ËË497

.AfT CáA TTT C'AT AIG AAG gIC çqI @ AçA -qtl ry 4çA CAT AAC CTT ÁfG ÏXA AGI æTrle cJu Pin Asp ]êr Lys H* crt ¡"ã ftr v"î rrp ffi trË ffi rc,, rêr Leu ser ko
60 70

lcc c4c .Aca ccr c{r -Afc s s ç* d^ 4Ác 4cr qs qA crc cAc cAc c{a o* räcls Iü.s rhr Ala At¿ rte pro rhr prã cr.d ¡ã ibr clî äî üåI Hñ ct, At tË ,;
80 90

q+A @ CÏT CÏG AAA GTG Tq 4+C 49'4h TIA 9A çtr IGG CÁA GAG CCT CTG 
^* 'i.Glu Asp Ieu Leu Lys val ser nð rtr u" I."- cfi At iö ffi cr,, pro leu Lys IIis

t2o úo
qF flG @ C4A ÁC.^ Af,T 94 SA - -'å' qG ççA CrG GAG ACC 

^ATA CÏC AGC O* HGlu Leu Gtu Gru arg ue cr.n c1t Ë r'i cJõ cry* r.ü ffi ffi nd Ë Ë Ë Våï

L4o 15O
qA çff GçA GO GTT æA Æ çAT I* ö IIC ICG TTT C.qG lGG TCA CáT ÏIG CAG TCAGln pro G1v Ala val G1y sd ast ryt n- ph" Ë d,ä ffi Ë s", .Asp r.eu ctn ser

160 r70
TTI çAT AAA TCC ACI AAG 4AT qql GIT CÏr 4GI -ry CTG TAr æG TGC AIG @ NO d,ser Asp Lys ser rhr Lys asn Gty val Ëü -sbr 

väÌ r'" mË Ë cy= ibi A"g ar€ Ë
180 190

4SA -ç4r 4AA GTr c.Ac +lT s -crc 4* -ô -rïc 4An r.c æc c.Ar arr rar Mc oo, oilrhr IIis Lvs val asp asn E'" r.eu t)rs var rr" tË c,Ë Ë Ëp rË ü ;Ë ffi ffi

polyA
ÕÕÕ+

-30 -zo**
GTG CAG CTG TTT TIG ACI q!{ CCA TGC Trc ICI ççG 43A ClC CIT AIG CTG GCA GTT Ï[Aval G-n Leu ser Leu rrr g.n pro cys ñ s* ci; r** Ë Ë.ü rct Leu Arå var ser

1oo uo
4TA q¡q GCA GCA STG GCI S - P* ü' qçA TTI qAT @ CTG CTG TCA AGA O* I.rle v¿ìrl Ala A1å var Ala r'' r..' pË A"; cty s"r A"î m Ë,i r.,, ser Arg ftr Lys

ïr4 IC,A
Cls 

-
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Table B. The Codon Usage in rpLII mRNA.

The frequency and percentage of each codon in the entire
mRNA sequencer including the codons coding for Lhe portion
of the signal peptider is shoivn

. -- designates the translation terminators TAA (ocnRn), TAG

(aMenn) and TGA (opAL)"
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Table 9.

The frequency and percentage of each codon in the mRNA

sequence is shown"

---designates the translation terminators TAA (ocnRn), TAG

(eMenn) and TGA (oeal¡"

The Codon Usage
Mature Hormone.
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Table 10" Amino Acid Composition of rpLII.

A" The amino acid composition of the entire protein coding
regionr incruding the portion of the predict,ed signal
peptide" The 22r amino acids yield a carculat,ed m"\,I" of
24t954 daltons and an estimated pI of 6"47 "

B. The amino acid composit,ion of the secreted protein.
The 191 amino acids yield a calculated m.w. of 2rr693
daltons and an estimated pf of 6.60,
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Figure 7. Hydropathy plot of rplII.

The hydropathy of the predicted prehormone was plotted by

computer" The plot is based on a running average over nine
amino acids of the hydropathic indices of those amino

acids" The positive varues indicat,e hydrophobicity. The

negative vaLues indicate hydrophilicity. The figure is a

fold-out found at the back of the thesis.
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signal peptide and within t,he core of the secret,ed protein"
A prediction of the secondary st,ructure of the

secreted protein is shown in Figure g" RaL pl,rr is
predicted to have a 362 alpha-he1ícar structure.



-L57-

Figure 8. Secondary Structure Prediction of rpLII

The carculation of ínformation sums for each amíno acid
residue in each of the four conformation states:
alpha-he1ix (A-HELIX); extended chain (XTNDD); reverse turn
(TURN) and coil (c0rL) is shovn. The confor¡nation vith the

highest sum, indicated by the underrining, is the predicted
state.

The amino acids in the deduced rPL If protein are

represented by the one-letter abbreviations recommended by

the ruPAc-ruB commission on Biochemicar Nomenclature (1969).

One-Letter Amino Acid Code

A AtA G GLY H HET S SER

C CYS E EIS N ASN T lHR

D ASP I ILE P PRO V VAL

E GLU K LYS O GLN W TRP

F PHE L LEU R ARG Y TYR
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V. DISCUSSION

The nucleotide sequence of rpl II nRNA and the
predicted anino acid sequence encoded by the mRNA have been

determined. The nucleotide sequence translated into a

singre open reading frame of zzL amino acids. Approxirnately
802( (807/1000 bp) of the mature rpl rr nRNA nucreotide
sequence !¡as contaÍned vithin the cDNA clones studied. The

deduced anino acid sequence did not encompass the
translation initiator methloníne residue, nor the nucleotide
sequence of. the 5t untransrated region of the nRNA, sinee a

fuII-Iength clone vas not available.

A. cDNA Structure

Rat PL rr is distlnct from the other rat pracental
clones, rPLP-4, pRP9, pRp54, and pRp27 based on the
comparison of restrictlon enzyme maps (data not shovn).

Codon Usage

The degeneracy of the u"n"ai" code usualry resurts
from variatlon in the identity of the third nucleotíde
of the codon. The choice varies betveen ArTrG, or C.

codon choice is quantifÍed by the determínation of the
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number of codons ending in A or T versus those terminating
with c or c" Because of the characteristics of the genetic
code and the rarity of certain amino acidsr rândom codon

selection r¿ourd results in 422 of the codons ending in G or
C in general vertebrate DNA (Sueokar 1961 ) "

The codon usage in rpl, rr mRNA is non-random. of the
boz nucreotides in the cloned .DNA t 451,. (3sg/Bor) are c

or c" of the 22o codons encoded by the mRNA t 45% end in G

or C.

A comparison of the codon usage in members of the pRL-

cH gene family is shown in Table 11. rn the pRt-cH family
of genes¿ there is a rvide range of preference for G or c in
the codon third position (mirrer and Eberhardtr 1983)" The

GH I s .and hPL show a strong preference (73-82e") for G or c

whereas PRLrs show a slight preference (52-642) for G.or c.
Rat PL rr has a lower preference for G or c than t,he GHrs"

The codon usage of rpl, rr mRNA appears to be closer to the
PRLrs" Rat PLP-A¿ like the pRl'sr utilizes c or c in the
third posit,ion in 5BB of the codons. Like rpl, rrr mRNArs

for the mouse proteins¡ mpRpr mpLF-I and mplF-2r show a

slight preference (46-472) for c or C" Miller and

Eberhardt ( fgA¡ ) have used the codon preference to
characterize GH-Like and pRL-like members of the PRL-GH

gene family. fn this case¿ rpl, II appears to be more
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Table 11. The relative abundances of codons endin 1n
C in various mRNAs.

The stop codons have not been included in the calcurations.

Data derived from the published sequences: hplr shine et,

al- (1977)t hGHr Martial et al. (tglgl¡ bcH, Mirrer et aL"
(1980); mGHr Linzer and Taramantes (1985); rGH¿ seeburg et
aI" (L977)¡ mPRPr Linzer and Nathans (r985); rpl,p-Ar pedenr

personal communication; mpLF-Ir Linzer and Nathans (1gg¿);

mPLF-2r Linzer et al" (1985); rpRlr Cooke et al" (1980);
mPRLr Linzer and Talamantes (1995); bpRL¿ Mil1er et al.
(1981); hPRLr Cooke et aI" (1981),
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TABLE 11

Relatj,ve Abundances of Codonsen a,s

Percent G+C
signal

B

in Codon Third positions
coding total

rPL II

hPL

hGH

bGH

mGH

rGH

mPRP

rPLP

mPLF-1

mPLF-2

rPRL

mPRL

bPRL

hPRL

149
T9ï
144
ï3ï
156
TgT
t47
Eõ'
I43
ls-O-

91m
110
ï96'

BB
E'5

89
ï9-5

97
ß7
101w
118E
r22
F9'

#

98m
L67m
158
ñ
t77m
166m
160m
113m
132m
105m
106m
118m
119m
I4l-m
I45m

#

82
Fõ'53

69

54

B1

73

65

73

7T

59

59

75

62

77

B2

#

16
fr'

1B

-26
T4
ñ
2IB
19
%
t7
%
22
m'
22
3ï
L7E
t7
æ
2I
28
1B
ñ
23
m
23
æ

43 45

77

73

82

78

75

B2

77

75

43

56

45

46

49

5I

59

61

77

74

46

58

47

47

52

53

62

64
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closely related to pRLrs. However¡ the significance of
codon preference is not known. Cooke et aI. (fggf) have
concluded that bias in codon usage in the pRL-cH gene

family is not due to evolutionary relationships"

Termination Codon

The rpl rr coding sequence is terminated by the opar
(rea) stop codon. The choice of termination codon has been
used by Miller and Eberhardt ( f9B3 ) as a feature r+hich
differentiates the pRL-cH gene famiry into two groupsr pRL_

like and GH-like hormones. Arl known pRLrs use a singre
termination codonr ochre (TAA) whereas GH,s and hpl,
terminate with the amber (TAG) stop codon"

rThe various termination codons used by the PRL-GH gene
family are shown in Table 12" The mouse crones¡ mpRpr

mPLF-1 and mpLF-2 use the same termination codon as rpl, rr
and form a third group v¡ithin the family in terms of
termination codon choice unlike pRLrs and hpL,/GHrs. Rat
PtP-Ar like the pRLrsr is Lerminated by the ochre (rea)
codon.

3 I Untranslated Region

A comparison of the 3r untransrated regions of rpl rrr
rPRL and rGH is made in Figure 9" The 3r untransrat,ed
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Table 12" Choice of termination codons in the PRL-GH
Iam1 Iy .

The termination codons were obtained from the pubrished

sequences: hpLr Shine et al. (1977)¡ hGHr Martial et al.
(1979); bcH, Miller et aL. (lOaO¡; mGHr Linzer and

Talamantes (lgeS); rcH, Seeburg et aI. (t977)¡ mpRp¿ Linzer
and Nathans (1985); rplp-Ar pedenr personal communication;

mPtF-lr Linzer and Nathans (lgg¿); mpLF-2t Línzer et al"
(1985); rPRL¿ Cooke et aI. (I9BO); mpRLt Linzer and

Talamantes (1geS); bpRL¿ Míller et al. (198I); hpRL¿ Cooke

et al" (1981).
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TABLE L2

Choice of Termination Codons

amber (tae) ochre (raa)

rn the PRL-GH Gene Famil

opal (tce)

hPL

hGH

bGH

mGH

rGH

rPRL

mPRL

bPRL

hPRL

rPLP-A

rPL II

mPtF-1

mPLF-2

mPRP



168

Figure 9. Comparison of the 3' unlranslated regions ofrPL II ¿ TGH and rPRL mRNA "

The rPRL sequence is from Cooke

sequence is from Seeburg et aI.
aligned without gaps" Identical
rPL If , are marked by ast,erisks"

addition signals are underlined.

et al" (1980)

(L977) " rhe

bases in rGH

The AATAAA

" The rGH

sequences are

and rPRLr to

poly A
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region of rPL rr r h'hen compared without gaps to the 3 t

untransrated region of rpRL¿ is identical in 36 of the 94

bases ( 3BA ) . When compared wíthout gaps to the 3 '

untranslated region of rGH, 28 of the rol bases (2az) are

identical" The homorogy in the 3r untranslated region is
less extensive than the homorogy within the coding region.

The PRL I s demonstrate a preference for A or T in the
3r untranslated region. rn t,he first, 43 bases t 59? of the
bases are A or T (¡tilIer and Eberhardtr 1983)" Rat pL II
uses A or T in 20 of the first 43 bases (AZZ) 

"

The_GHrs demonstrate a preference for G or c in the
proximar region of the 3t untranslated area (milrer and

Eberhardtr f9B3)" In the first 47 basest 692 of the bases

are c or c" Rat pL rr uses G or c in 25 of the first 47

base positions (53s)" Thereforer rpt rr does not appear to
have the same base preference as GHrs or pRLrs.

Mi1ler and Eberhardt (1983) also characterize several
palindromic structures within the 3r untranslated regions
of PRLrs or GHts" These palindromes are not found within
the 3r untranslated region of the rpl, fI mRNA.

B" Post-translational processing of rpL II
Signa1 Peptide

Rat PL II is known to be a secreted protein. The
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protein ( -,2O-22K nw) is found in pregnanÈ rat serum

(Robertson et al. r 1982 ) "

secreted proteins share a highly conserved sequence of
amino acid residuesr found at the amino terminus of the
nascent polypeptide chainsr which is cleaved prior to
secretion (el0beL and Dobbersteinr rg75) " Therefore¿
polypeptide hormonesr including those of the pRL-cH familyr
are synthesized as prehormones and subsequenLry cleaved t,o

Lhe secreted mature forms.

rn vitro transration of rpl, rr mRNA produced a zs Kd

protein which was processed in vitro by dog pancreatic
microsomes to a molecular weight of 22 Kd. The molecular
weight of the processed form corresponds to the size of the
rPL rr found in pregnant rat serum (Robertson et ar.¡
1982)" Thereforer it appears that rpl, rr is formed as a

precursor v¡ith a signal peptide that is processed prior to
secretion "

since no amíno acid sequence of the mature rpl rr
protein is availabrer the authentic creavage site for the
secret,ed protein is not known" Howeverr based on several
criteria¿ a potential cleavage site has been assigned.

signar peptides are predominant,ly composed of hydro-
phobic residues (Chou and Fasman t lgZB). The hydropathy
plot of the deduced amino acid sequence of rpL rr revealed
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that a highly hydrophobic region occurs at the amino

terminus of the protein (figure Z in Results)" Within the
first 30 amíno acid residues of the transLation productr
L4 of the residues are hydrophobic (figure 10). A core
occurs in r"¡hich 10 out of 12 residues are hydrophobic.

Recentlyr the amino terminar amino acid sequence of
Lhe secreted mouse pL rr protein was determined by Edman

degradat,ion (Linzer et aL¿ t9B5)" When A1a-31 of rpr, rr
is aligned with Leu-I of mouse pL rrr 12 of the succeeding

19 amino acid residues are identical (Figure ll)" At 3

more positionsr the amino acid residues are rerated.
Thereforer a signal peptide creavage site was assigned

beti¿een Ser-30 and AIa-31 of rp[, II.
rThe assigned cleavage site between ser-30 and A1a-31

of rPL rrr determined by comparison with mpl, rrr was

checked to see if it satisfied the empirical rules for a

signal peptide cleavage site" There are no charged

residues within the proposed signal sequence (von Heijner
1983)- The glutamine at position -4 which furfilrs the
requirement for a helix breaking residues commonly found at
thÍs position (WaÈsonr 1984) " Threonine and seriner at
positions -2 and -1 respect,ivelyr rrìêêt the requirement for
amino acid resídues with smarlr uncharged side chains at
the carboxyl end of the signal peptide (von Heijne, 1983)"



Hydro hobic Residues
of rPL

Figure 10"

The IUPAC-fUB Commission

letter notation for amino

173

on Biochemical

acids (1968)

at the Amino Terminal

Nomenclature one-

has been used.

Ala A

Arg R

Asn N

Asp D

Cys C

Gln A

Glu E

GIy c

His H

Ile r

Leu L

Lys K

MeI M

Phe F

Pro P

Ser S

Thr T

Trp W

Tyr Y

Val V

Hydrophobic

asterisks.
residues (4, vr

The hydrophobic

Lt Tt P¿ Mr W) are denoted by

core is underlined.
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Figure 11 "

L75

Alignment of rpl, fI v¡ith mpl If .

The amino acid sequence of mpl rr is taken from Linzer et
ar" (1985)" A1a-3r of the translation of rpl, rr is aligned
with Leu-l of the mpl, rr protein. The one-retter notation
for amino acidsr âs described in Figure I0r is used.

rdentical residues are shown by the boxed areas. Related
residues (V=¡=1=Mi S=Ti e=N; E=Di R=Ki y=F) are denoted by

ast,erisks.
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serine is the most commonly occurring residue at position
-1" Following von Heijners (rgag) method for assignment of
the site with the highest processing probability by

statistical anatysis¿ the predícted site concurs v¡ith the
calculated site (rigure 12).

The predicted cleavage site corresponds with Èhe in
vitro transrat,ions of rpt, rr mRNA. The calculated
molecular weight of the presumed precursor is 24t954
dartons versus the in vitro transration product of 2s kd"
The mature hormone has a calculated molecular weight of
2rt693 daltons versus 22 kd in the in vitro transration
with dog pancreatic microsomes. The entire mature rpl, rï
prot,ein has been sequenced via Èhe cDNA and would consist
of 1?1 amino acid residues, The signar peptide is made up

of at least 30 amino acids

The predicted signal sequence of the rpl, rr protein is
longer than those of mosÈ other members of the PRL-GH gene

family although rpl,p-A has a predicted signal peptide of 3r
amino acids (pedenr personal communication) and pRLrsr in
generarr have longer signar peptides than GH's and hpL

(rable 13). Thereforer rpl, rr is more pRL_Iike than
GH-like in terms of the rength of its signal peptide"

The sequence of t,he predicted rpl, rr signar peptide
arso shows a high degree of homology to the signal peptides
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Figure 12" Statistical A@e Signal peptide
Cleavage Site"

The first quadruplet containing at least three hydrophobic
resídues is found between the threonine at position -1g and

the methionine at position -15. (Denoted by the boxed area
in the figure") Therefore¿ the ,'windo$¡" as defined by von

Heijne (toes¡, containing the cleavage site occurs between

valine aL position -3 and methionine at position 6.
(Denoted by the arrows" ) The carcuraÈed processing
probabilitiesr shov¡n below the residues within the windowr

demonstrated that cleavage between serine and alaniner ês

determined by comparison with mp[, rrr is the most, probable
statistically (von Heijner 1983).
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Table 13" ¡lembers of the pRL-cH
Gene Family"

The number of amino acid residues in the signal peptides of
rPL rr and severar other members of the pRL-cH gene family.
The signal pept,ide of rpL rr has not been completely
characterized but is known to be at least 30 amino acids
long" The signal pept,ide tengths of the other proteins
were derived from the pubrished mRNA seguences: hptr shine
et al" (tglZ)¡ hGHr Martial et aI. (tgZg)¡ bcH, Milter et
al. (1980); mGHr Linzer and Talamantes (I985); rGH, Seeburg

et aI" (1977)-, mpRpr Linzer and Nathans (lgeS); rpLp_A,

Pedenr personal communication; mplF-rr Linzer and Nathans
(]ge¿); mPLF-2r Linzer et al. (1985); rpRL¡ cooke et at-.
(1980); mPRLt Línzer and Taramantes (1985); bpRL¿ MirLer et
al" (lgef); hpRLr Cooke et al" (1981)"
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TABLE 13

Si nal Peptide Lengths of Members of the PRL-GH Gene Famil

Number of Amino

Acid Residues

hPL

hGH

bGH

mGH

rGH

mPRP

rPLP-A

26

26

26

26

26

30

31

30+rPL II

mPLF-1

mPLF-2

rPRL

mPRL

bPRL

hPRL

29

29

28

29

30

2B
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of the other members of the pRL-cH gene famiry (rigure 13)

Howeverr the high homology could be due to the common

function of the signal peptide rather than the reratedness
of the famíIy members.

since the estimated size of 25 Kd in vitro is very
close to the calculated size of 24rgs4 daltonsr probably
only a few residues from the amino terminus of rpl, rr are

missing"

Glycosylation

Theqe are no potential glycosylatíon signars¿ Asn-x-
ser/rh.r (eahl and shah t L977 ) within the mRNA sequence of
rPL rr" This correlat,es welr with the decreaser not
incrèaser in size of the in vitro rpl rr mRNA translation
product processed in vitro by dog pancreatic microsomês"

Both oPRL and hpRL contain the consensus grycosyration
sequencer Asn-Leu-ser¿ at positions 3r-33" Lewis et al.
(1984r 1985) have isolated glycosylated forms of pRL from

ovine and human pituitaries, rn RrArs for pit,uitary pRLr

the glycosyraLed forms of ovine and human pRL are only one

third as immunoreact,ive as the nonglycosyrated forms (lewis
et al " r 1984; 1985 ) "

several of the new members of the pRL-cH gene famiry
also appear to exist as glycosylated forms" The mouse
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Figure 13 " Amino Acid uence Homolo in the Si nal
Pept eso Members of the PRL-GH Gene Fami 1

The one-letter notation for amino acids¡ described in
Figure 10r is used,

Residues homologous to rpl rr are encrosed in the boxes.

The signar peptide sequences are derived from the published
sequences cited in Table 12" Alignment has been maximized

by the introduction of arbitrary gaps.
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clones, mPLF-I and mPLF-2, contain t,hree glycosylation
signars at the amino end of the mat,ure protein (linzer and

Nathans ¡ L9B4ì Linzer et aI. r 1995 ) . Mouse pRp also
contains three potential glycosylation signals at the NH2

end of the proposed mature peptide (t inzer and Nathansr

1985) - The rat placental cloner rpLp-A contains two

consensus glycosylation signarsr Asn-Tyr-Thrr ât positions
10-13 and 144-L46"

The physiologicar significance of glycosylation is not
known" Lewis et aI" (1985) has proposed that the tertiary
structure of a prot,êin is altered by glycosylat,ion. The

structural alteration may expose or protect different
portions of the molecule from proteolytic cleavage. The

proteolytic creavage may be necessary for correct post-
translational processing "

Proteolyt,ic Cleavage Sites

There is an Arg-Arg dipeptide at positions t6z-169 in
the deduced amino acid sequence of rpl, rr which may be a

site of proteolytic cleavage.

Propolypeptides occur occasionally in the biosynthesis
of polypepLide hormones. For exampler insulin¡ gastrin¿

somatostatin¡ and glucagon are synthesized as prohormones

l¡hich are subsequently cleaved at a site wiLh basic
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residues (Docherty and Steiner t L9B2) " The half-lives of
the prohormones are generalry longer. Howeverr the physio-
logical significance of this mechanism is unclear"

Proteolysis of hcH in the pituitary has been reported
(Singh et al,r 1974; Lewis et al.¿ Ig77)" In a review¿

Mittra (r984) has suggested that prot,eolytic processing is
essential for the growth-promot,ing and mitogenic actions of
PRL and GH" Howeverr this proposar remains to be proven.

The mouse proliferinsr mplF-r- and mpÏ,F-2 cont,ain

3 potential proteolytic sites at posítions r2o-r22
( r,ys-r,ys-Lys ) , 145-146 ( r,ys-r,ys ) and 17 6-177 ( Lys-Lys )

(t,inzer and Nathêrls¿ I9B4; Linzer et al. ¿ I9B5) " Mouse pRp

contains t,wo dibasic peptides (Arg-Lys) at positions 35-36

and 84-85 (r,inzer and Nathans, 19g5). Rat pLp-A also
contains t,hree potentiar cleavage sites at, positions sr-s2
(arg-Arg)r 133-134 (Lys-r,ys) and 174-175 (Lys-rys).

Direct comparisons of the nucleotide and deduced amino

acid sequences of rpl, rr with those of other members of the
PRL-GH gene family are based on the alignment,s shown in
Figure 14"

c" comparison of the Nucleotide and Amino Acid sequences

of the PRL-GH Gene Family Members to rpt II
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Figure 14. Alignment of rpl, II Vith Other Members of the
PRL-GH Gene Familv"

To compare nucleotidesr codons and amino acids among the
PRL-GH gene familyr the deduced amino acid sequences from

the published mRNA sequences: hpLr shine et aI. (Lg77)¡

hGH, Mart,ial et ar. (L979)¡ bGHr Míller et al" (1980); mGHr

Linzer and Talamantes (1995); rGHr Seeburg et aI. (Lg77)¡

mPRP¿ Linzer and Nathans (f985); rplp-Ar pedenr personal
communication; mpl,F-l¿ Linzer and Nathans (I984); mpLF_2r

tinzer et al" (1985); rpRL¿ Cooke et aI. (lgeO); mpRL¿

Linzer and Talamantes (1995); bpRL¿ Miller et aI. (I98I);
hPRL¿ Cooke et al" (I9Bl), have been alignedo A minimal
number of gaps have been introduced arbitrarily to maximize

the alignments. The one-lett,er notation for amino acidsr
described in Figure 1O, is used.
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Table 14 shows the comparison

deduced amino acid sequence of rpL

the PRL-GH gene family"

the nucleotide and

to other members of

Two unrelated amino acid sequences of the same length
r'/i11 display approximately 5z identiÈy (ooolittle, 1981) "
All the members of the PRL-GH gene family are more than s%

homologous to rpl rr at the amino acid revel (raule r4).
Human pL and the GHrs are 2L-232 identicar to rpl rr

at Ëhe amino acid rever. The mouse cronesr mpRp¿ mpLF-Ir
mPLF-2 and the rat clone¿ rplp-Ar âEê 2B_3LZ identical to
rPL rr at the amino acid lever. The pRlrs are 3z-4oz
homorcaous to rpl rr. Therefore¿ rpL rr appears to be most,

c10se1y related to pRLrs at the amino acid level
Cooke et aL. (1981) noted that hpL and hGH were BOB

homologous at Lhe amino acid leveI. Rat pL rr is not as
closely rerated to any of the famiry members. rnterspecies
comparísons of pRL I s and GH r s showed that pRL r s as wer.r- as
GHrs are approximately 65% homorogous among themselves at
the amino acid level (Cooke et al.r 19gI). Rat pt fI is
not as closery rerated to any of the members of the famiry
examined- Howeverr the relationship of rpL rr to GHrs and

of

IT
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Table 14" Amino Acid and Nucleotide Co@

The sequences are derived from the published sequences used

in Figure 14. The alignments used to determine the varues
in the tabre are from Figure L4. only t,he coding sequences

of the mature peptides have been compared. Amino acidsr
codons and nucleotides corresponding to gapsr unmatched

segments and the terminatíon codons have been excluded for
the calcuLations, Related amino acids are those described
in Figure 11 "
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hPLr in terms of amino acid homorogy, is analogous to the
homology seen betr¡een t,he pRL¡s and GH¡s (_258)"

Figure 15 shows a direct comparison of the predicted
amino acid seguences of the mRNA's coding for rpl, rr and

other members of the family" The members of the family and

rPL If display several highly conserved regions.

Random nucleotide sequences display approximately 2sso

identit,y (ooolittler Iggl)" In a1l the comparisons at the
nucleotide levelr shown in Tabre !4t the homology to rpl, rr
exceeds 25%" Also, like othr members of the PRL-GH gene

family (Cooke et aI.¿ 1981), the nucleotide seguence

homotogy is greater than the amino acid homology in alr
cases.

The nucleotide sequence homologies to rpl, rr appear to
follow the same pattern as t,he amino acid sequence

homologies" The highest identity (-,slz) is seen between

rPL rr and the pRL ¡ s arthough it is not as hígh as the
identity among pRL's (7SZ) (Cooke et, aI.¿ 1981). A lower
homology (-5re) is seen between rpl, rr and mpRp¿ mpl,F-lr
mPtF-2 and rplp-A" only approximatery 37?. identity is seen

between the arigned nucreotide sequences of rpL rr and

cH¡s,/hpl" This is similar to the homology seen betr¡een
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Figure 15 "

The alignment and sequences are

boxed areas indicate amino acid

rPL II "

taken from Figure 14"

residues identical to

The

Comparison of the predicted Amino Acid
: li ".oO Gene Familv.
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PRLf s and GH¡s (-,¿OZ) in general (Cooke et aI"r I9B1).
D" Molecular Evolution

For the evolutionary comparisons of rpL rr v¡ith other
members of the pRL-GH gene famiryr it has been assumed that
rPL ff arose from a common ancestral gener possibly by gene

duplication "

Codon Comparisons

codon by codon comparisons facilitate the identifi-
cation of two addítional types of nucleotide differences.
codons that differ by a singre base may result in amino

acid replacement (expressed substitution) or a synonymous

codon (silent substitution) "

rAs seen in Table lLt the percent,age of silent
substit,utions is great,er than the 2sz that is seen when

comparing random sequences (,lukes and King t rgTg). since
this is considered an indicat,ion of evorution of genes from

a singrer commoo ancestral gene (cooke et al.r 19g1), the
number of silent substitutions further supports the
hypothesis that rpl rr arose from the same ancestor as

PRL¡s and GHrs"

. Cooke et al" (198I) concluded thatr in the case of hpI,

and hGH¡ positive selective influences caused a rapid
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fixation of expressed subsLitutions in the recently
diverged genes since the two sequences disprayed the
highest nucleotide sequence homology in the family (g2z)
and had the lowest ratio of silent to expressed single base

substitutions t O.45 (3IZ/6:92).

, The percentage of nucreotide sequence homology and

ratios of silent to expressed single base substitutions of
the PRL-GH gene family members compared to rpl, rr is shown

in Table '15. The lowest ratio is seen between rpl, rr and

mPRPr rPLP-A and mpLFts" Thereforer the divergence of the
nucleotide sequences of these proteins may be slowed by

positive selective influences.

Evolùtionary Relationship of rpl II to
Other Members of the pRL-GH Gene Fami1y

Dayhoff (1976) has developed methods for determination
of the relative lengths of the branches of phylogenetic
t,rees" The amount of evolutionary change can be measured

Ín units of accepted point mutations (pAM's)" The observed

number of differences per 100 residues or bases is
correlated to the number of differences that must have

occurred. The method does not, assign evolutionary
relationships in terms of timer but rather in terms of
relative evolutionary distance,
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TABLE 15

rPL II

vs"

hPL

hGH

bGH

MGH

rGH

MPRP

rPLR-A

MPLF-1

MPLF-2

rPRL

MPRL

bPRL

hPRL

The data are

Ratio of Silent to Expressed Identical BasesT

3t

3B

39

34

3t

52

51

.50

50

56

57

56

59

5BZ/422

552/459.

452/ 352

502/ 50?

50e"/ 509ó

3re"/69%

3BZ/ 6396

342/669.

342/ 662

39e6 / 6I%

422/ 58"6

4ez/sl-z

402/602

I .38

L.22

1.29

1 ,00

1"00

o "45

0.60

o,52

o "52

o "64

o.72

0"96

o "67

derived from Table 14.

ŝ:.rent t,o Expressed Sing1e Baée Substitions
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The evolutionary distances in pAMrs between rpl, rr and

other members of the pRL-cH gene family are shown in Tables
16 and 17 . Using nucleotide ( fable 16 ) and amino acid
(ranle l-7) sequence divergencer the same pattern appears"
Rat PL rr is most, closely rerated to the pRL¡sr folrowed by

mPRPr rplp-A¿ mpLFrs and then¿ the GHrs.

Another method for quantifying differences among

related peptides is to compare theír evorutionary
divergences by using a parameter carled the unit
evolutionary period (USp) which is defined as the 1ength of
time, in millions of years t f.or a 1g amino acid sequence

difference to arise in two related proteíns (wilson et ar.r
1977)" Ívilson et al" (1977) carculated a uEp of 5.0 for
PRL ânA 4.O for cH. Cooke et aI" (fgef) and Miller et al"
(rggr) used the value 4"5 for comparisons bet,ween pnr.-cH

gene family members" This value wirl be used for looking
at the evolutionary divergence of rpl. rr from the other
related proteins"

Miller et al" (l9BI) found that amino acid sequence

comparisons were just as accurate as nucleotide sequence

comparisons for calculating the evolutionary divergence of
PRtrs and GHrs using the uEp parameLer. Thereforer onry
amino acid sequence comparisons have been used for looking
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TABLE 16

Evolutiona Distance
Other Me ers o

derived from NucIeo

PAI1¡s) between rPL II and
E PRL-GH Gene Fam
e Seguence D vergence

hPL

hGH

bGH

mGH

rGH

mPRP

rPLP-A

mPLF-1

mPLF-2

rPRL

mPRL

bPRL

hPRt

Observed Dífferences
per 100 Bases

63

62

61

66

63

48

49

50

50

44

43

44

4T

Evolutionary Distance
ffi

136

131

t25

158

136

76

79

B2

82

66

63

66

59

The nucleotide sequence divergence (observed differences)
$¡as carculated from the nucleotide identities in Table 14.
The PAM varues were derived from t,he nucreotide pAM scaLe
in Dayhoff (1926). Dayhoffrs model assigns equal
probability to aIl nucleotide changes.
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TABLE 17

Evolutionar Distance PAMrs) between rpl, If
and Other Members o the PRL-GH Ceñe- r.ãmferived rom Amino Ac Þequence Divergence

Observed Differences Evolutignary Distance
in PAM t s-

hPL

hGH

bGH

mGH

rGH

mPRP

rPtP-A

mPLF-1

mPLF*2

rPRL

mPRL

bPRL

hPRL

65

44

40

33

42

The amino acid sequence divergence (observed differences)
is carculated from the amino acid identities in Tabre L4"
Gaps and unarigned sequences r.¡ere not included" only Lhe
coding region of t,he mat,ure peptides was used for the
calcuLations " The pAM varues are from the amino acid pAM

scale in Dayhoff (I976).

43

43

3B

38

44

36

38

65

67

58

54

54

54

44

42

42

32

32

32

67

50
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at the evolutionary relationship in uEprs of rpl rr v¡ith
the other gene family members"

The time of evorutionary divergence of rpl, rr from the
rerated PRL-GH family members is shown in Table rB. The

comparisons imply that rpL rr diverged from pRLrs only 27s

MYA whereas it diverged from GHrs and hpl, approxímatery 350

MYA" Rat PL rr appears to have diverged from mpRpr mpLF

and rPLP-A approximately 32o MyA. Thereforer pL rr is more

closely related t,o rpRL than rcH evolutionariry.
The time of rpL ff divergence from GH (gSO MyA)

approximates the time catculated by cooke et al " ( 1gB1 ) for
the time of pRL and cH divergence (SgZ MyA). This also
correrates well with the results of Acher (tglø) who

estinìated that pRL and GH diverged 4oo MyA near the time of
fish and tetrapod divergence.

Rat PL rr appears to have diverged from pRL and the
other PRL-Iike moleculesr mpLF¡ mpRp and rplp-A, prior to
mammalian radiationr g5-1oo MyA (Romero-Herrera et al.r
r973i McKennar 1969) and the origin of placental mammaLsr

approximately loo MyA (oickerson and Geis t rg70).
unfortunateryr this method does not distinguish

between direcË or indirect divergence. Rat pL rr may have

diverged from rpl,p-A following the divergence from rpRL.
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TABLE 18

Eyolut-is¡laçy Divergençe of rpL Ir

rPL II vs"
, hPr

hGH

bGH

mGH

rGH

mPRP

rPLP-A

mPLF-1

mPLF-2

rPRt

mPRL

bPRL

hPRL

The percent
amino acid
divergence r

using a UEp

Divergence

-Í-
77

77

78

79

79

69

72

7I

72

63

60

60

60

!!¡qe of DivergenceE

347

347

351

356

356

311

324

320

324

284

270

270
t

270

divergence is based on the comparisons of t,he
sequences shown in Figure 15" The time of
millions of years ago (uya), was calculated
value of 4.5.
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Hor¿everr a rough estimate of the evorutionary relationships
has been obtained"

3 I Untranslated Region

Human GH and hpt have diverged only 6"42 in the 3r-
untranslated region of the mRNA whereas hpRL and hcH have

diverged 87"52 (Cooke et aI.r 1981)" Comparisons of the 3r

untranslated region of rpL fI comparedr without introducing
gapsr to rGH and rpRL (rigure 9) shows that rpL rr has

diverged 72% from rGH and 622 from rpRL. The divergence is
greater than that seen in the coding region: rpl, rr vs

rPRL t 454; rpl, fI vs rcH, 638"

In the PRL-GH gene familyr except in the case of hcH

and \PLr Ëhe 3r untranslated areas have diverged more than
the coding areas (cooke et aI.r l9B1) suggesting that.there
is less evorutionary pressure to conserve 3 r unt,ransrated
s€Çuencês¡ as might be expected.

Evolut,ionary Impl ications

Alt,hough the mRNA and amino acid sequences of other
subprimate pL¡s are required for a more thorough

evolutionary analysisr sêv€râI things are suggested by

these comparisons. Human pL and rpl rr have arisen by

separate mechanisms at different times in mammalian
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evolution" Rat pL rr is not as closely rerated to any

other known molecure as hpl, is t,o hGH, Human pL is
believed to have arisen after mammarian radiation (cooke et
al"r 1981; Miller et al.¿ 19gl) whereas rpl, rr seems to
have arisen before mammarian radiation" Miller et al.
(rger) suggested that if hpl, arose recently in humansr then
a separat,e gene duplication t,o produce pL¿ must have taken
place in each mammalian species. Hov¡everr the human pL may

be unique and it may be that pL I s in most subprimate
species are more primitive. trthat is known is that a

placental hormone¿ resembling the pituitary hormones cH and

PRLr has been generated at least tr+ice in mammalian

evolutionr once in rats and once in humans" Rat pL rr courd
have.arisen from the duplication of the pRL gene as

suggested by Hurley et al. (lg77')" Mouse pLF¿ mpRp and

rPLP-A also must have arisen prior to mammalian radiationr
possibly from duplications of the pRL gene.

The evolutionary comparisons raise many questíons.
For example, is a gene resembring rpL rr presenL ín al]
mammalsr incruding humans? rs the rpl, rr gene on the same

chromosome as rpRL? rs it crosely rinked to the pRL gene

as well as genes for rplp-A and the rat equivarents of mpLF

and mPRP? Does t,he homology between rpl, rr and rpRL which
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seen in the coding

I other subprimate
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region extend into the introns? Are

PL¡s similar to rpl, II?

Er

common structural features r¿hich the rpl, rr protein
shares with other proteins further suggest the descent of
rPL rr and other PRL-GH gene family members from a common

ancestral protein. rn additionr there is evidence that the
primary role of rpl, II during pregnancy may be as a

mammotropin/lactogen" Rat pL rrr unlike hpL and opl.r has

not been shown to possess any somatotropic activity.
Thereforer the conservation or absence of residues and

regions implicated in biologicar activity may aid in
elucidating the biological roLe of rpl, rr and the validity
of the implied residues. Human pl,r hGH and the pRL¡s.are

known to be lactogenic. The mouse proteinsr mpLF and mpRp

and rPLP-A have not yet been shown to have ractogenic
activity"

Surprisinglyr rpl, IIr at the leve1 of amino acid and

nucleotide sequence, is not any more homologous to the
lactogenic hcH than it is Èo the non-lactogenic rGH (see

Table L4) "

Most studies employed to determine essential residues
have used chemical modification of residues that often

Structural Corqper:þons to the rpt II proÈein
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drastically disrupts the conformation of the molecules"
Three-dimensional structural determination is the best

method for comparing proteins but very few proteins have

been crystallized" current methods for prediction of
t,ertiary structure are not very accurate.

Rat pL rr dísprays several other structurar features
characteristic of the PRL-GH gene family products. A

diagramatic representation of several structural features
of the PRL-GH gene famiry members and rpl rr is shown in
fígure 16" Rat pL rr appears to have common st,ructural
features with both the pRL-rike and GH-like molecules. The

members of the PRL-GH gene family share a simíLar molecurar
weight (*zz kd) as welr as polypeptide chain length (-2oo
amino acids) with rpL II"

Like the pRL¡s¿ the rpl, If polypeptide chain
terminates at the last cysteine residue" The GHrsr hpf, and

mPRP extend beyond the final cysteine"
Tryptophan and cysteine residues are among the reast

frequent'ly occurring amino acids. usuallyr only highly
rerated proteins conserve tryptophan and cysteine residues
(OoolittIe, I9B1). In additionr Dayhoff and Barker (1g72)
have concluded that conservation of these residues
demonstrates evolutionary reLationships among proteins"
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Conserved Structure ofFigure 16"
Members.

The locations of cysteine

shown. The numbers refer
the mat,ure proteins" Gaps

Figure 15.

the PRL-GH Gene Famil

and tryptophan residues are

to the amino acid positions in
and alignments are based on
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Tryptophan and cysteine resídues they find are the Ieast
subject to repracenent Ín the course of protein evorution.

Tryptophan Residue Conservat ion

Rat PL If, like the PRL's, mpLF, mpRp and rplp-A, hrq

tv¡o tryptophan residues in conserved posltions. Kavauchi et
a1. (1973) suggested that the first tryptophan, seen in a

similar posi tion in oPRL, !¡as essential_ f or lactogenic
actÍvity. Selectlve nodification of lrp-149, t¡Íth
o-nitrosulphenyl chloride, did not abolish lactogenic
activity but modlfication of both Trp-90 and Trp-149

conpletely abolished biotogical activlty. However, mpRL

does not contain lrp-90 (Kohmoto et al., 1984) yet stÍtl
acts as a lactogen. This tryptophan is also not found in
hPL or hGE, vhlch are both known to have lactogenic
act.ivity. Kavauchi et aL. (1973) reporred that the doubly

modified oPRL underwent drastíc changes in its quaternary

structure as shol¡n by circular dichrois¡l spectra.
Therefore, the drastic alteration iù the conformation of the

mol-ecu1e may have caused the loss of biotogical activity.
The second tryptophan residue, vhich according to Kavauchi

et aI. (1973) vas not required for Iactogenic actÍvity, is
conserved in the same molecules as the first tryptophan. It
1s also found in mPRL.
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Cysteine Residue Conservation

Rat pL rr contains 4 cysteine residues within the
coding region of the mature protein spaced at positions
equivalent to the 4 cysteines in GH's and hpl," The pRl,rsr
in general¿ and mpLF have 6 cysteine residues. Rat pLp-A

and mPRp contain 5 cysÈeinesr 4 of which are in the same

locations as the residues in the GHrsr hpl and rpl rr.
Although the comple.e primary structures of other

subprimate pLts have not been determinedr the amino acid
compositions of ovine¿ rabbit and bovine pL have been
reported- A comparison between rpl rr and these other
subprimate pLrs is shown ín Table 19.

The car-culated molecular weights are approximatery
22 kd except for bpl which is considerably larger (-sr
The isoelectric points range between 5.5 and 7.7. Rat
II (pI 6,6) is within this range. The amino acid
compositions appear to be similar although the numbers of
half-cystine and tryptophan residues vary. Like the GH,s
and hPLr rpl rr and bpl, contain 4 harf-cystine residues.
Howeverr opl and rabbit pL contain 6 hatf-cystine residues
like the pRlrsr in general. Rat pL rr contains 4

tryptophan residues whereas opt, and rabbit pL contain onry
two" The number of amino acid residues are approximately
Ehe same (191-198) except for the longer bpl, (277)"

kd)"

PL
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Table 19" comparison of lvlolecular weight,¿ rsoeLectric
itr-,

The molecular weights as reported in the published data:
oPLr Hurrey et aI' (L977)r rabbit pl,r Bolander and FeLlows
(1976b); bPL¿ Arima and Bremel (19g3)" The amino acid
composition of bpt, is shown for bpf,-2r oDê of the three
isoforms isolated by Arima and Breme1 (1983). Bovine pL_2

was the most potent form biologically. Tryptophan analysis
was not performed on bpl, " Glx represents GlnrlG1u and Asx

represents Asn/Asp"
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TABLE 19

Com rison of MoIecular Weightr Isoelectric Point andAmino Ac d Compos tion of rPL Ii t¡ th Other Su rimaLe PL t s

Estimated Mol" Wt.
@
PI.

Amino Acid Composition

Lys
His
Arg
Asx

Thr
Ser
Glx
'pro
Gry
À1a

'l-cys
VaI
Met

Ile
Leu

Tyr
Phe

Trp

Total Number of
Residues

rPL TI

2r t 693

6"6

OPL

2l t 4r8

7.7

Rabbit
PL

22 t IOO

6"1

bPL

31 r 100

5"5

11

7

10

19

l4
1B

20

7

I
10

4

l4
4

I
22

6

5

4

r91

l4
4

10

I9
10

15

24

10

15

13

6

T2

5

10

13

4

7

2

193

15

6

I
2L

11

15

22

T2

15

15

6

15

3

4

13

7

I
2

198

19

B

16

29

18

19

36

16
.15

21

4

15

5

10

26

B

12

ND

277
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Rat PL fI has been shown to be

the amino terminal of the lat,e form

at, the amíno-terminus of the mature

Fígure 11. Like rpl, fI¿ mpl, II does

NH.-t,erminaL half-cystine residues.¿

Secondary Structure

remarkably similar to

of mPL" The homology

peptides v¡as shown in
not contain the two

Disulfide Bonding

since cysteine residues contain free sulfhydryl groups

at Lhe end of the side chainr cysÈeines combine Èo form

covalent disulfide bonds which cross-link regions of the
molecule "

,,The PRLrs¿ in generalr contain 6 half-cystine residues
within the mature peptide. These residues interact to form

3 disulfide bonds (Li, 1972') " The bonds are formed as an

NHr-terminal loopr a central disulfide bridge and a COOH_

terminal loop" GHrs and hpl, lack the amino-terminal Ioop"
Treatment of rpt rr r+íth mercaptoethanolr to disrupt

the disulfide bonds¿ caused a loss of more than 9oB of the
bioactivity of the protein (Robertson et al.r 1982). This
suggests that the disulfide bonds t ot the molecular

conformation of rpl, rr dictated by these bonds¿ âf,ê

essential for the biological activity of t,he morecule.
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Equine, sarmon and Tilapia pRL¡s do not contain the
amino-t,erminal disurfide bond. They contain only 4 half-
cystine residues (r,i and chungr 19g3; Doneen et al. L979¡

Kawauchi et al.¿ r9B2). Equine pRL, however, is equi-
potent with opRL in the pigeon crop-sac assay (i,i and

chung¡ 1983)- salmon pRL is also equipotent to opRL in the
same assay (Kawauchi et aI,r 1982). AlÈhough Farmer et al.
(1977) found that rilapia pRL $¡as not active in the pigeon
crop-sac or mouse mammary gland bioassaysr Houdebine et aI.
( rger ) found that the Tilapía pRL was lactogenic in the
rabbit. Thereforer the NHr-terminal loop does not appear

to be required for the hormonal function of lactogenic
molecules.

',f n 1979, Doneen et aI " concluded that, 2 of the 3

disulfide bonds are not essential for the bioactivity.of
oPRL" Reduction of the amino-terminal and carboxyl-
terminal disurfide 1ínkages caused no loss in biorogical
activity whereas the integrity of the central disurfide
bond was essential for retent,ion of biologicar activity"
Thereforer it, appears that only one dÍsurfide bondr the
central bondr is required for biorogical activity.

The 5 cysteine residues¿ in rptp-A and mpRpr mâ!

permit these molecules to form alternate dísulfide bonds

and t,husr possibry change their molecular conformation.
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Thus t rpL If¿ mpl, and bpl contain 2

like the GHrs whereas rabbit and ovine pL

disulfide bonds 1ike most of the pRL¡s.

Rat pL rr also displays similarity to rat decidual
luteotropin (Jayatilak et al. r 19g5 ). Rat decidual
luteotropin has a molecular weight of 23"s kd and cont,ains
disulfide linkages.

a-He.!ix

By secondary structure prediction (Garnier et aI. r

r97B),364 of the rpl rr protein exists in an e-helica1
state" using the same prediction methodr mpl,F-l is 44eo

o-helíx; rPLP-A is 4Q% a-heLix and rpRL is 36g a _hel_ix.
UquinL and ovine pRL form 5Ot and 65% s_helixr
respectively¿ ês determined by circular dichroism ,p."a."
(ri and chung¿ r9g3). Thereforer rpl rr and rpRL share a
similar content of e-helical structure,

Hydropathv

The hydropathy of the rpt rr protein r.ras shown in
figure 7 - The hydropaLhy plot may predict the morecur-ar
conformation of rpl, II "

Tr¿o híghly hydrophobic regions are seen in the pro_
tein" The first occurs aÈ the amíno-terminar and corres-

disulfide bonds

form contain 3
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ponds with the predicted signar peptide seen in all famiry
members" The second region occurs between residues 73 ond

81 of the mature protein" This region is highry conserved

in all members of the pRL-GH gene family (nigure L7).

Hydrophilic regions predict exposedr possibly
antigenic domains. There are three regions of
hydrophilicity within the mat,ure rpl, rr protein at amino

acid positions 5B-71, 139-t5z and r66-175. These regions
are highly conserved among the pRL¡sr mpLF, mpRp and rpLp-A
(rigure 17) " When opRL was cleaved with fibrinolysin
between Met-53 and Ala-54¡ the molecule lost all
immunological and biological activity (Birk and Li¿ l978)"
The region 58-71 may be the antigenic recognition site of
the rùolecures and the high homorogy may explain the
immunological cross-reactivity seen between the proteins.

Li and Frankel-Conrat (L947) suggested that carboxyl
groups are essential for lactogenic activity since
esterification of the carboxyl groups in opRL caused a

decrease in the lactogenic potency of the hormone¿ in
squabsr that was proportional to the number of modifíed
carboxyl groups. Howeverr the authors alsosuggested that
Lhe decrease in bioactivity could be due to changes in the

conservation of Residues rmpllcated in BioLogical Activit
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Figure 17 " c Regions, and the
Residge.s Imp_ligai

Based on the alignment shown in r.igure LAt the amino acid
sequences are compared" The common hydrophobic region is
denoted by the closed boxed area" The hydrophílic regions
are shown by the open boxed areas" Both identical and

related amino acids are enclosed in the boxes.

The residues impticated in lactogenic activity by Kohmoto

et al. (fgA¿) are denoted by asterisks" Amino acids
identical to the residues described by Kohmoto et aI.
(fge¿) are underlined.
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physical structure of the molecule such as

hydrogen or ionic bonds or a change in Lhe

charge.

dísruption of

net molecular

Most of the carboxyl residues in rpl. rr are highly
conserved in PRLts and not as highly conserved in GH's.

several investigators have suggested that residues
found in the amino-terminal of lactogenic hormones are
involved in the binding of Èhe hormones to the lactogenic
receptor" Anderson and Ebner (rgrg) found that chemical
modification of the histidine residues in bpRL with
ethoxyformic anhydride caused changes in the ability of the
hormone to bind to rabbit mammary gland lactogenic
receptors in the RRA-PRL" All activity was lost when aL1

the histidine residues !¡ere modified. However¿ when onry 5

of the 7 hist,idines $¡ere modifiedr the hormone still bound

to the receptors" The activit,y in the assay was restored
when the ethoxyformyr groups hrere removed. The authors
then compared the amino acid sequence of bpRL and hGH and

found that His-27 and His-30 of bpRL hrere the onry two

histidines also present in hGH. Thereforer they concruded
that those two histidine residues are located in the
lactogenic receptor binding domain of bpRL and are
essentÍal to lactogenic activity" These two histidines are
found in all the pRt¡sr and in rpL rr, hcH and hpL" There
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are two histidines in boviner rrìolJSê and rat GH but the
first histidine is displaced by one position. Mouse pRpr

mPLF and rPLP-A do not contain t,he two histidines.
Kawauchi et aI" (1977) concluded that Tyr_2ïr but not

ryr-44 or ryr-147 of opRL¡ \.rês essent,ial for the ractogenic
activity of the hormone. v{hen Tyr-29 of opRL $¡as

selectively nitrated¿ the modified hormone did not bind to
lactogeníc receptors. Nitration of the other tyrosines did
not affect the binding activity. Tyr-2g is found next to
the highly conserved His-27 in opRL" The tyrosine at this
position is found in rpl, rr and ratr mouse and human pRl,rs.

Howeverr it is not conserved in hGHr hpL or bpRL which are

known lact,ogens "

',Kohmoto et, al" (1984), by comparison of the Rousêr

ratr porciner ovine and human pRL¿ hpL and hGH amino acid
sequences concluded that Asp-21r His-2Br ser-82 and Thr-g5
hrere essential to lactogenic activity. They based this
concrusion on the observation that these residues !¡ere

found in arl the ractogenic hormones but, were not, present
in non-Lactogenic subprimate GHrs. Kohmoto et aI. (19g4)

suggested that these residues are involved in lactogenic
receptor binding " All 4 residues reside within the "active
core" of hcH (f-f3¿) (Reagan et aI.r 1978)" The

conservation of these residues in rpl rr and the other pRL-
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cH gene family members is shown in Figure 17 " Asp-21 is
replaced by glutamine in rpl, rr" His-28 is conserved in
rPL ïr - ser-82 is replaced by alanine and Thr-g5 is
replaced by the related amino acid ser in rpl, rr,
Thereforer Asp-21 and ser-82 are probably not essentiar to
lactogenic activity"

Kohmoto et aI " (tg9¿) further suggested that the other
residues common to the family members are important for
maintenance of hormonal structure.

Houghten and ti (lgZø) suggested that, the three
met,hionine residues found at positions 36t g1 and ]3z h,ere

essential for the lactogenic activity of opRL. Modifica-
tion of four of Lhe seven methionin€sr by alkyrationr with
iodoacetic acid and by oxidation with hydrogen peroxide
caused little change in biorogical potency whereas modifi-
cation of the remaining threer Met-36r Met-gl and Met-132r

caused a dramatic decrease in activity. Howeverr circular
dichroism spectra indicated that the chemicar modification
of al-1 t,he methioniñês¡ may have exposed buried tryptophan
residues and changed the conformation of the molecure.

Rat Pt rr does not share any of these methionine
residues in homologous positions. Therefore¡ they cannot

be essential for lactogenic activity in rpl, If "
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Although a growth-promoting role has been suggested

for PLrs during preÇnancfr opl, is the only subprimate pL

which has been shown to have somatotropic activity, Rat

PL rr has not yet been shown to exert somat,otropic effects.
Chene et al. (fge¿) concluded that the 1ysine residues in
oPL were important for the somatotropic activity of the
hormoner possibly for the interactíon of the molecule v¡ith
the somatotropic receptors. Modification of the 14 lysine
residues by methylationr ethylationr guanidation or
acetamidination caused a slight decrease in the RRA-PRL

activity of opl whereas the RRA-GH activity was dramaticar-
Iy decreased" Although the primary st,ructure of opL is not
known, hGHr a known somatotropin¿ contains g lysine
residues" These residues are highry conserved among the
GH I s and hPL " rn rpL rr ¿ only 1 of the 11 rysine residues
is in a similar position to those in the GH's" one might
predict from this that rpl, rr does not act as a somato-

tropinr in contrast to opl, and GHrs.

The 20 K form of hcH does not possess the diabetogenic
acÈions of 22 K hcH (uitler and Eberhardt¡ 19g3)" The zo K

variant is missing amino acid residues 32-46. The arign-
ment of rPL rr with hGH shor¿s that rpL rr is not homologous

to this region of hcH (figure 1g ) and may further suggest
rPL rr does not possess GH-like metabolic activity.
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Figure 18. Çgmp?risgn of.hcB t,g fpr rr-Region rmpticaredin niabetogenic ÃcEîvftyl-

alignment of hGH, residues 32-46r with rpL TTt residues 34_

49, based on the alignment shown in Figure 14. None of the
residues are conserved betv¡een the two hormones.
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VÏ" GENERAL CONCLUSTONS

The primary structure of rpL rr has been determined.
This is only the second pl,r ot,her than hplr and the first
subprimat,e pL to be characterized struct,urally. Thusr the
rat is the second species, other than t,he human, in which

the PRLr cH and pL t,riad has been described.
As suggested by earlier studiesr rpl rr shares many

feat,ures with PRLrs, Howeverr rpt, II also resembles GHrs

and has several unique characteristics.
Following the isolation and characterization of hpl,r

assumptions v¡ere made that a simirar hormone wourd exist in
other species. Howeverr as shown by the characterization
of rPL rrt the pL in rats bears rittle resemblance to hpl.
The PL in primates appears to be a unique hormone which has

arisen recentry from the cH gene exclusively in the
primates" comparisons of the primary structure of rpt, rr
to other hormonesr indicaLe that rpl, rr is crosely related
to PRL but not as closery related as hpl, is to GH. Rat pL

rr r while probabry arising from the same ancest,rar gene as

PRLrs and GHrsr appears to have evorved from pRL prior to
mammarian radiation and homologues may exist in many other
mammarian species" characterization of the rpl, rr gene

225
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structure and organizalion may clarífy the evoruticnary
relationship of the pRL-cH gene family members.

Although only rimited information is available on

other subprimate pLrs, it appears that pLrs vary function-
ally and structurally. "pLrsr" placental lactogenic
hormones¿ may be species specific hormones t,hat místakenry
share a common name" The GHts and pRlrs are known to vary
structurally and functionally between species (Wicol1,

1980)- More information about other subprimate pL's is
needed to crarify the relationship of rpt, rr to other
subprimate pL I s.

The placentae of pregnant rodents synthesize several
PRL-like proteins in a specific temporal manner. one of
Lhese proteins is rpl, If. Rat pL II appears to act
primarily as a mammotropin/lactogen. The pRLrs are knor+n

to act as multi-functional hormones(Nicollr IggO) and it,
may be that the specLrum of pRl-rike proLeins in the rat
: toke over specific functions of pRL during pregnancy

which affect, fetal development and maternal physiorogy.
The physiological rore of rpl, rr is unknown but elucidation
of its role may lead to a better understanding of the
actions of PRL and the developmental process.
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VII. FUTURE STUDIES

Several future studies on rpl II wiII be possible
because of the elucidation of the primary structure of rpl rr.

The cDNA sequence l¡i11 be useful as a guide for accurately
mapping the rPL rr gene in terms of franking sequences and

exon/intron organization.

Specífic oligonucl-eotides, useful as primers and

hybridization probesr cân now be constructed using the

rPL fI nucleotide sequence.

The length of the signal peptide, structure of the

potentially regulatory 5' untranslated region and the 5,

boundary of Exon r of the rPL rr gene can be determined vith
a full-length cDNA clone ro rPL fI nRNA. A full-Iength
clone can be lsolated by prining the 5, end of the Day 18

placentar mRNA vith an oligonucreotide corresponding to the

¡ros.t 5t portion of rhe rpl II eDNA (Smith, 1980). The

sequence of the rPL If nRNA could also be determined by

performing nucleotide sequence analysis on a 5t rpL II
genomic cIone.

The cDNA subclones to rPL II mRNA generated for
nucreotÍde sequence anarysis Ín H13 vectors can be used as

single-stranded strand specific probes (Dutton and chovnick,

L984) for in situ hybridization studíes (Gee and
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Robertsr 1983)" WhiIe ímmunocytochemical 1ocalization
techniques do not differentiate bet,ween newly synt,hesizedr
receptor-bound or stored proteins, in situ hybridization
locarizes proteins to the cells invorved in mRNA synthesis.
Reguration of rpl rr gene expression by various factors
could be investigated in mat,ernar ¿ fetar and placental
tissues throughout gestation.

Since rpl, II is difficult t,o isolate from rat
pracentaer two approaches are possible for producing the
rPL rr protein" RpL rr cDNA clone constructs containing
the compl ete coding region for the mature rpl, rr protein
could be ligated into expression vectors containing the
appropriate reguatory erements. Bacteríal cellsr
tranèformed with the expression vectorr l¡ourd produce the
rPL rr protein in vitro" The protein could be isolatäd
from the bacterial cult,ures"

The importance of specific residues to the bioactivity
of rPL rr could be investigated. Arthough chemical

modification studies have provided some insight into the
amino acid residues necessary for biological activityr
these methods lack specificity and often arter Lhe three-
dimensional structure" site-directed mutagenesis

techniques allow the invesÈigat,or to modify specific bases

in amino acid codons and produce mutant proteins altered in
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a precise, known location. Thereforer specific residues in
the coding region of rpl. rr coding region could be altered.
The mut,ants protein produced in vitro by bacteriar cells
could be tested for bioacÈivity in assays. For example¡

the role of a specific residue in lactogeníc activity could
be tested in t,he *bZ bioassay or the RRA-PRL.

The protein sequence provided by the DNA sequence of
rPL rr could be used to synthesize peptides. peptides

corresponding to potential active domains courd be tesÈed

for biologicar functions. specific hydrophilic regions of
rPL rr courd be synthesized and used to produce monoclonal

antibodies to rpl. If"
Recently, in our laboratoryr by western blotting of

two-dimensional poryacrylamide gers of conditioned medium

from Day 18 placental cell cult,ures¿ it was discovere-<f that
the rabbit polycronal antibodies to purified rpl, rr cross-
reacted wit,h several other placentar proteins within the
20-25 kd range v¡ith varying isoelectric points (m.

Robertsonr personal communication) " A mouse monoclonal

antibody to hPRL also cross-reacted with several of the

same proteinsr alt,hough with a lower affinity"
considering t,he high homology between rpl rr and

several other PRL-GH gene family members in the predicted
antigenic domainsr this is not surprising. Howeverr these
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resulLs show that a specific monoclonar antibody to rpl rr
is needed.

specific monocronal ant,ibodies to rpl rr rvhich

differentiate betv¡een rpl rr and related proteinsr $¡ourd be

useful for many investigations. rmmunoaffinity columns

courd be used for protein purification. A radioimmunoassay
for rPL rr could be developed to study the secret,ion of
rPL rr" rmmunolocarization sÈudies could be done to
determine which cells contain rpl II.

since it is not known whether rpl, rr is required for
normal pregnancy and fetal development in the ratr specific
monoclonal antibodies to rpl, rr courd be injected into
pregnant rats and the physiotogical effects of the
seleative ablation of rpl, fI observed"
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