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SUMMARY

We have constructed a new pair of plasmid vectors for the efficient expression of mammalian genes. The first of the new
plasmids, pAVEL, was denived from pCMVcat [Foecking and Hofstetter, Gene 45 (1986) 101-105] by replacing the
chloramphenicol acetyliransferase-encoding sequences in the latter for a multiple cloning site. Since it possesses the powerful
enhancer-promoter unit of the immediate early gene of human cytomegalovirus, pAVE] is ideal for the expression of
mammalian genes. The second expression vector, pAVE2, resulted when the 3'-end flanking region from the human growth
hormone-encoding gene {(hGH) was incorporated in pAVE]L. This region provides sequences for 3'-end processing and
polyadenylation of primary transcripts. Thus, pAVE2 is suitable for expression of cDNAs in cultured cells, where introns
have liitle effect on gene expression. To test our new vectors, we inserted the structural region of the chromosomal AGH
gene into pAVE], and its cDNA into pAVE2. By independently transfecting the resulting recombinant plasmids into COS-7
cells, we have achieved high levels of AGH transient expression with both vectors,

INTRODUCTION tory for mRNA accumulation in the cytoplasm (Hamer and

Leder, 1979). Thus, the first generation of cDNA expres-
sion vectors usually included a heterologous intron in addi-
tion to the promoter and polyadenylation sequences
(Mulligan and Berg, 1980). However, recent studies have
shown that, in general, introns have little effect on the
expression of genes transiently introduced into cultured
cells {Brinster et al., 1988).

We searched for transcriptional control elements that

Bacterial plasmids modified by recombinant DNA tech-
niques to facilitate expression of cloned genes or of their
¢DNAs in cultured cells are valuable tools for studies of
eukarvotic gene structure and expression.

Earlier obser ations suggested that splicing was obliga-
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could drive the expression in cultured cells of structural
regions derived from cloned mammalian genes, more effi-
ciently than the patr of expression vectors recently con-
tributed by our laboratory (Cab-Barrera and Barrera-
Saldaria, 1988). In a recent report, the hCMV enhancer-
promoter unit was described as being one of the most
powerful (Foecking and Hofstetter. 1986) and versatile
units studied so far (Boshart et al., 1985). In the present
work, we show the construction of a pair of new vectors
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carrying this transcriptional coatrol region. Their value for
studies of gene expression is demonstrated here using them
to transiently express the AGH gene sequences.

EXPERIMENTAL AND DISCUSSION

(a) Expression vectors

We compared the synthesis of CAT in COS-7 cells trans-
fected separately with pSV2cat and pCM Veut (kindly pro-
vided by Dr. H. Hofstetter) using the DNA-Ca - phosphate
co-precipitation technique (Graham and Van der Eb,
1973). The transfected cells were harvested for the CAT
activity assay, 43 h after adding the precipitate (Gorman
etal, 1982). As previously reported (Foecking und
Hofstetter, 1936), we detected a much higher signal inten-
sity from the acetylated forms of Cin produced by the
extract of pCM Vcat-transfected cells, as compared to that
geunerated by the extract of those cells transfected with
pSV2cat (data not shown). To exploit the advantages of the
promater strength and little tissue or species specificity
(Boshart ¢t al.,, 1985) provided by the hCMV enhancer-
promoter unit, we decided to derive more versatile cloning
and expression vectors from pCMVYcat. The strategy for
construction and the structure of the new expression vec-
tors, pAVE] and pAVE2, are illusurated in Fig. 1.

Vector pAVE] was derived from pChVeat by replacing
the EcoRI-HindIIl cat fragment with an analogous frag-
ment of pUCI19 MCS (Yanisch-Perron et al, 1985). This
new plasmid harbors eight unique restriction sites (AindI11,
Sphl, BamHI, Smal, Xmal, Aval, Kpnl and EcoRI)
immediately downstream from the hCMV enhancer-
promater unit. This MCS confers to pAVE] greart versatility
for inserting and placing promoter-less chromosomal genes
uader the transcriptional control of the powerful hCMV
enhancer-promoter unit.

Since introns have little effect on the expression of genes
transfected inlo culture cells (Brinster etal., 1988), we
decided to construct a second cloning vector for the
transient expression of cDNA sequences. As illustrated
alsoin Fig. 1, pAVE2 was derived from pAVEL] by incorpo-
rating the 3’ -end flanking region from the AGH gene into the
latter. This region includes sequences for primary transcript
3'<end processing and polyadenylation. Between the
hCMY and AGH gene scquences, pAVE2 has six unique
cloning sites: HindIlW, Sphl, BamH1, Smal, Xmal and
Aval,

(by Production of hGH by pAVEI carrying the hGH gene

To 151 the abilkty of pAVEL to express mammahan
genes, we inserted the promoter-less chromosomal AGH
genue, from a BamHI sile (at nt + 2] to an EcoRI site
(located about 600 nt downstream from the polyadenyla-

tion signal), between the same sites in pAVEL (Fig. 1).

pAVELhGH was transfected inta COS-7 cells, and 48
later total RNA was isolated by the thiocyanate—phenol-
chloroform technique (Chomczynski and Sacchi, 1987).
Northern-blot analysis (McMaster and Carmichael, 1977;
Thomas, 1980) of this RNA was carried out using a random
primer-labeled (Feinberg and Vogelstein, 1983) APL cDNA
as a probe {Barrera-Saldaiia et al., 1982). The probe dis-
plays over 90%; sequence similanity to #GH cDNA. The
autoradiograph showed an RINA band hybridizing 1o the
hPL cDNA probe (data nat shown) with the cxpected size
far the AGH mRNA.

To verify the correct expression of the transfected novel

, hybnd gene, the production of secreted hGH by the trans-

fected cells was determined using a commercially availablg
{Diagnostic Products Co,, Los Angeles, CAYhGH RIA kit.
This test was performed directly on the tissue culture
medium to determine the extracellular concentration af
hGH. Values of secreted hGH averaged 1.2 pg/25-cm?
flasks of transfected cells. Although using different cell
lines, when compared with results reported in the literature,
our valucs of hGH production are very similar o those
obtaincd by transiently transfected L cells (Seclden et al.,
1986). Forty-fold lower values of hGGH productian have
been reported for Vero cells transiently transfected with a
SV40-hased vector carrying the hGH gene (Lupker et al,
1983).

(c) Expressian of hGH cDNA in culture cells using the
pAVE2 rector

The pAVE2 vector is designed to be suitable for express-
ing cloned ¢cDNAs because it carries nt sequences neces-
sary for 3'-end processing and polyadenylation of primary
transcripts. The ideal candidate to demonstrate the expres-
sion properties of pAVE2 was the #AGH ¢DNA, since we
had already expressed its corresponding gene using pAVE]
and thus comparisons could be made.

For the above purpose, and because we did not have
available the kGH cDONA, we designed a simple and rapid
method which allowed us to almost selectively clone the
cDNAs fur both the 22-kDa and 20-kDa forms of hGH,
simultanecusly. Details of this method will be described
elsewhere {D.E. R.-L. and H.A. B.-8., in preparation). We
then proceeded to introduce the AGH cDNA fragment cor-
responding to the 22-kDa form of hGH (h(Gi-22 K), into
pAVEZ2. Since the cDINA copy we cloned is not full-length,
we had to assemble an intron-less APL-AGH hybrid gene
This gene was constructed using the following DNA frag-
ments in a §' — 3° direction: {7) the AFL-3 gene (from the
capping site to the Psel site just before the end of the first
exun); (i) the APL-3 ¢DNA (from the Pul site up w un
Al site located at the beginning of the second exon);
(i) the AGH ¢DNA (from the Aaill site 1o the Smal site
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located 4 nt downstream from the stop codon); and (iv)the . resulting hybrid was named pAVE2hGH22k.

hGH gene from the Smal site to the 3' end of the gene After transfecting in parallel COS-7 cells with the pAVE2
(already present in the vector). In spite of this tailoring of derivative, as well as with the positive (bAVEIhGH) and
gene pieces, the mature hGH protein derived from this negative (pAVEl) controls, we obtained total cellular
hybrid gene is coded entirely by the #/GH cDNA. The RNAs and culture media and used them in Northern-blot

purify large fragment Ligase

Fig. 1, Construction-of the pAVE vectors and pAVERGH derivatives, The plasmid pCM Vcat (Foecking and Hofstetter, 1986), pUCI9 (Yanisch-Perron
etal, 1985) and pMThGHI111 (Palmiter et al,, 1983) were used for the construction of pAVE vectors and pAVEhGH derivatives. Restriction and
modification enzymes were purchased from Bethesda Research Laboratories Inc. (Gaithersburg, MD), New England Biolabs Inc. (Beverly, MA) and
International Biotechnology Inc. (New Haven, CT), and used as suggested by the supplier. A series of DNA fragment isolations (A, B and C) were
rerformed using standard enzymatic reactions (Maniatis et al,, 1982) and protocols for DNA recovery (Maxam and Gilbert, 1980; Weislander, 1979;
Vogelstein and Gillespie, 1979). The isolated fragments were then assembled in different combinations (D and E) in reactions catalyzed by T4 DNA ligase.
The pAVEIhGH (F) was constructed from pAVE] and the hAGH promoter-less gene fragment (C). Finally, pAVE2hGH22K (G) was assembled from
the different DNA picces as explained in section ¢. Vertically striped box, hPL-3 gene 5' end; horizontally striped box, hPL-3 cDNA; stippled box, h\GH
-=-kDa hGH: open and hatched boxes, hGH gene 3° end. Sizes are not drawn 10 scale. Ligated materials were ethanol-precipitated, resuspended in
10 mM Tris- HCl pH 7.5/0.1 mM EDTA and used to transform E. coli strain RRI using standard protocols (Maniatis et al., 1982). Rapid preparation
of plasmid DNA from 3 ml overnight cultures was done by the alkaline method (Birnboim and Doly, 1979) with modifications consisting of phenol
saturated according to Maniatis et al , 1982) chloroform-isoamyl-alcohol (25 : 24 : 1) extraction of the clear lysate, replacing the Na - acetate in the high
salt solution for K - acetate and finally reprecipitation with ammonium acetate and ethanol. Large-scale preparation of plasmid DNA for transfection
studies was carried out by the clear-lysate method (Clewell and Helinski, 1971) followed by centrifugation through a CsCl-ethidium bromide gradient.
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analysis and hGH RIA, respectively. Both the wransieatly
expressed natural (from pAVEIRGH) or hybrd (from
PAVE2hGH22K) £#GH mRNAs were casily and spectfi-
cally detected by hybridization with the 32P-labeled AFPL
¢DNA probe (data not shown). The RIA values of secreted
hGH averaged 691 ag for the positive control gepe and
921 ng for the hybnd ¢<DNA gene, per 60-mm petn dish.

(d) Conclusions

The results presented here demonstrate the high versa-
tility of our new pair of expressian vectors. By capitalizing
on the strength of the enhiapcer-promoter unit of RCMV, we
bave achieved efficient cell-culture expression of both the
hGH split gene and its most abundant cDINA, We antici-
pate that the availability of these new vectors may improve
the eflicacy of transient expression experiments aimed at
functionally dissecting mammalian  structural  gene
sequences.
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INTRODUCTICN

The central problew of molecular biology is the wunderstanding of how
the ganetlic Information codedr in the nucleic acld is expressad and, what
are the mechanisms that regulate such expression, Huch progess has been
wade in understanding gene regulation In prokaryatic systems, hawever, in
eukaryotic organisms, the advances have been wouch slaver and such wore
recent, This 1is closely reiated 1in part to the degree of evolutlienary
complexity of the eukaryotic cell.

The regulation of genetic expresaian {3 &an essential characteristic
of living cells., 0f the total amount of genetic Informaclen possessed im
all cells, only m sxall fraction is differentially tranacribed vithin a
certain time and space.

Studies on the expression of procaryotic genes gshowed that besides
the region uf DNA ta be trenscribed into RNA, Sequences |ocated both te
the &' side {operators, proooters, etc.) and 3' slde (terminators) of this

structural gene, are involved in regulating gene erpression. In additlianm, .

sccording ta %Ythe cperom theory 1), for the regulaiion of the expreszlon
of bacterial genes, various mlements are regquired such as: DNA-dependent
RHA polymerase (the enzyme responsible for transcribing the genel; several
types of proteln factors assoclated with the enzyee (¢ rho, eate.) as well
as wmetabolites finducers, repressors, etc.) which interact with DNA to
regulate bacterial gene expression (1).

Eukaryotic cells have approximately 10' times wmore DNA than a
bacterlum, multiple forms of DNA-dependent RNA polymerases {at least three
lypes, eech tranmscriding a different subset of genes} and compartmen~
talization of the processes of transcriptian {in the nucleus) and trangla-
tion ¢(in the gytoplasm). In addition +to thess differences, the dlscovery
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in evcaryotes atf aplit genes (2], and ANA pracessing, made 1t clear that
ceguiatian aof eukaryatic genwe expression ia coaplex and can be exarted at
g variety of different levels (3}, The plcture becowes even more complicas
ted considering the organization of the eukaryotic genowe Into chrosatin
(4}, in thls regard, genes belng expressed are sald ta be in an “active®

chromatin configuratian, although vhat detarsines thls configuration is
unclear. '

THE PLACENTA AS AN EXPERIMENTAL HODEL

In evolutionary terss the placenta iy regently acqulred snd a very
efficient organ that functions ta ald in the survival of the offapring and
thua in the perpetuaticn of the specles. Developwent of placental maumals
asllowed the mother to carry the umborn young with her while seapching for
tocad, thus protecting the fatus troms predators. It alio increased the area
that coulid be covered during the searching process and facilitated

migration. Thus, the placenta played =a cruclal role in the success of
mammals colonizing thae earth (S),

The placenta (6] is a resarkable organ in that Is created froam the
game fertilized ovum that glves rige to the tetus but functions inde-
rendentiy. The placenta exhibits vnique characteristics that make 1t an
excel lent model far biclogical research. These properties include: a) its
rapid growih and lrvasion of the waternal uterine tigsuq, bl the sudden
stop of this Iinvasion (by an unknown mechanlsm), o) the lmeunological
grocesser that protect the placenta and the fetus {from rejection, d) its
hormonal regulatiom of pregnancy, etc.

In addition, the placenta 18 the organ with the highast rate of
protein synthesls (7); and, since lt develops and matures im lesas than a0
wvorkzx, it constitutes an ewcelient system tao study changes in gene
expression during development and cell difterentiation,

The placents synthesizes 2 |acrge variety of hormones <£8), PFrobably
the best characterized gre chorionic gonadotropin (hCG) snd placential
\actogen t(hPL. aigo know as chorionic somatomsmmotreping HCE), While
first {riaester placental tissua is highly active in the synthesls of hCG
with only lov levels of hFL, 1in tars placenta ithe situation is reversed

{70 High Jevels of hPL  lup to one gram per day) but low levels of hiG
are produced by placenta at ters.

in L862, Josiwovich and MaclLaren (9) dgfined and characterized human
placental lactogen 835 a palypeptide hormome present im extracts of husan
term placental and retroplacental hload that exhibited both potent
lactogenic activity and an insunochemical reaction of partial identlty
vith human growith hortmane. hPL &aternal biood |evels are used ta reflect
the functional Iintegrity of the placenta during pregnency (19}, hPL
inf luences mammogenesis and lactogenesis as well as many aspects of the
watarnal interzediary metabolisy diractly related to the suppily of
nwutrients for the petabolisa of the fetus <(11). However, the priwary
actiaon of this harmane has naot been defined.

The NWPL molecule 1is a single-chaln paiypeptids of 191 aminoacids,
praduced in the ayncytliotrophgblast layer (12). It contains two intra-
malecular disulfide bonds &nd no carbtohydrate or lipid.

The WPL production {3 coupled to the developeent <t the placenta,
remching its eaximuw towards the end of pregnancy. The great quantities
im which this hormone s produced, makes this hormone ldeal for research
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and bilochemical manipulations. For these reasgue, we chogse the plecents
as the ideal grgan to carry out the studles described in this paper,

RECOMBINANT DNA: A NEW AND FOQUERFUL TECHNOLOGY TO STUDY GEME STRUCTURE AND
EXPRESS10N

The birth of recombinant DNA technoiogy Iim the early 1870%s, warked
the beginning o' B nev era Lin Malecular Bioiogy. Recombinant DNA sluply
means the recombinatlion in the test tube of different DNA molecules. This
techmology has provided us with very powerful tools and wethods for the
igsolation, characterlzetion ano manipulation of gene sequences.

Vith the aid of this technology, It has been possible to begin the
anzlysis af highly compiex genomes of gukeryotic cells ak the molecular
jevel. Studlegs are belng carvied out to anelyze the moleculsr mtructuras
and orgenization af genea 1in order to understand thelr functiom, regu-
\ation and orlgin.

The essential eleaents that constitute the group of recombluant DNR
thachniques include:

i« Enzyzmes to sodify DNA and RMA

Such aas reatriction enzymes, ligese, phusphatase, reverse transerip-
tase, DHA paiyseraze, palynucleotide kinase, etc. These proteins are
etployed to carry gut Lhe manipulation pracess of the DNA to be claned.
These genetic manipuiations conpist aof specific cleaveges alang the DNA
wolecule or, modifiogtions,covalent unions, radicagtive labeling, ete.

1§. _Mglecular Hybridizations

They can be performed umring a liquid or saiid suppart. This technique
113) consists of the detection, through the wuyse of radleactlive probes
containing coxpliementary sequonces, of desired solacuiar species that are
present in coeplen mixturey of DHA or RNA. These redioanctive probes vhen
denatured and later renatured in the presence of the mixturve, fara
moleculer hybride with the deaired single DNA chain or RNA. This coupliing
ig stable due to the establishmant of hydrogen bonds between the comple-
mantary nuclepside bases of the hybrid wmalecule.

Vil. Moleculay vehicles

They inoludes goleseids (14), cossids (15), lambda bacterlophage
derivatives {18) and Mi3 bacteriophage derivatives (17). Thesa are ugsed ta
clone torelign DNA fragments {such &3: hupsan genes) and perait its propage-
tion in bacteriax; thus ewplofting the following three qualities:

a. DNA fragoents can autonoeously replicate in hust cells as they are
inserted Intec vectors containlng replication origins.

b, They can be geparated from the Yacterial nucielc acids ang ehsily
purified.

. €. They contaln DNA regions thet are not essentiel for its propagation
in kacteria. Foreign DNA {nserted Im these regioms Ls replicated and
propagated as if they were a narmal cosponent of the vector.
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1V, Determination of the sequence and ayntheais of DNA

This can be carried out elther by enzymatic (L81'or cheuical (19)
techniques. The sequencing sethods far ONA  {ar including RNAJ generate g
great quantity of valuable information concerning the prisary structure,
organization, regulation, and evoiution of the genes and proteins which
they code. Thanks to these techniques, it i{g mow wuch eagsier to deteruine
the amino acld sequence of a proteln through the sequeance of its cloned
wessenger RNA  (transformsed to DHA through severse transcription). On the
athgr haand, it ls poceible to sequence g part of a protein whome gene we
wish to |solate and characterlze. Mith the I[nformation of the amino aqid
sequence and genetlc code, 1t is pooaible to synthesize an oligonucleatide
capable of serving as a probe to carry out molecular hybridizations. In
this manner, the desired gene lg isolated and characterized from =a gene
bank.

¥. Gena llbrary or bank

1t 13 created (20] startivng fraom aither plasalds, bacteriophages, or
cosalde; al! contalning elther natural genes (gene bank] or DNA cowmple-
mentary (cDNA) to the wmessenger RHA population af a particular tigaue or
cell (cDNA bank). Basically, what is done with Qthese banks Iz to take
advantage of the classical bacterial mwodels that have been so useful to
wlucidate the walecular bDasls of the reguintion and expreasion in pro-
karyotics, to study the molecular genetics of higher organisamsg,

Eriefly, to clune and {solate a gene, the following steps are cacried
out:

L. The genome wunder study ls igolated
é. |t 13 then fragaanted by the use gf restriction enzZymes

3. The resulting DHA fragmenis ere introduced In moleculmr vehiclesa,
thus constructing gene banks,

4. A radicactive probe containing a complesentary sequence to the gene
portion that we proposw to isolate, 15 used to ldentify Lhe clone
that contalns the gene under study.

8. Sufflclient quantities of the desired gewe is purified.
-

6. The degired gene is characterized. -

After carrylng out thedeas steps, the gene [9 umed to pecrform the
pertinent studies which help uf understand the evolutiomary history and
gena functians in the llving orgeniam.

From the nugercus studies carried out concerning the welecular
structure and organization of the genes in eukaryotics, the term, apllt
gene, has egerged (2Z):, The wajority af the genes in higher organisas are
discontlnuous. This weans that the DNA which codes for the proteiln ia
interrupted by non-cpding regions known ag ilntrons, These Lntrons taora
part, a8 wvell a& the code reglons tor exons), of the primary transcript at
the gene; but, are eventually eliminated to produce the mature wRHA which
later Is translated into & speclfic pratein. in filg. 1, the mnlecular
anztomy of the gplit gone wunodel 1% gutlined. Besides the imtrons and
exons, =ome DNA vaglone or sequences are described. These DNA reglons are
also important to achleve a precise and efficient expresslon of these type
aof genes.
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FXPERI MENTAL APPROACHES: THEIR STRATEGY AND INTERRELATIONSHIP

The experiments described in this section, were pogslble due to the
developEent of Recombinant DNA  technlques, Starting frow the idea of
exploiting the husan placenta as the eaxperigental madel to study the
wechanisms which regulate the aspecific genetlc expresvion of the tissue,
and using recombinant DNA technigues; our effort was C(ocugsed touards the

biogenesis of the wmpost abundant protein in this organ, the Placental
Lactogen horwone (hPL).

The particular aobjectives of our experiments were tog Ldentify the
companents and to elugidate the different ateps involved in the genctic
flow of infaruation responsible for the synthesis and regulatian of this
palypeptide harmone.

TATA Box Lot Spice  Fight Splice
CA'I' Box C-nuhu Sime Jm Juhction,

MZ::-::_:%:

CATY Bax": CAAT Loft Sphce Junction: AGIGTA

TATA Box: TATAAAA Right Splice Junction: TXCAG!

Capping Site: GTTGCTCCTXAC Patyadenylation Signal: AATAAA

“poaltion versiy EZZ] = untrangisted region
odmad Fisnking Regions
From: Lawkn (19001 W - lowon

L - gen

Flg. 1. Canonical protein-encoding mnammalian gene. The
figure shovs the structural and regulatory
2gquences that charactarize thig type of genes.

In 1978, we started to ilnvestigate the genetlc exprassion of WPL by
trying tc isolate and characterize the ODNA dependent RNA polysaerase type
I{ of huoan placenta. This enzyoe {3 responaible In carrying aut the
transcelption of the genes that code for protelns. Bacause of thils, it
plays a key tole 1in the functioning ef the cell. However, this mpproach
was somevhat presature since we firat had ta establish hov to isalate and
then blochemically and structurally characterize placental nucliei, wvhich
were to be our source af the enzyue. Once we accowplished this requigite
(21) tha Llavlatlon of the enzyms Gturned cut +to be m difficult praject,
Beaides the inherent difficulties related with the technlecal procedures to
be uwaed, prohiems related with endogenaus proteases and a lack af knowvle-
dge af thes quaternary structure, were added on to our already exlisting
prablees, in splte of this, ve werw pble ta partially purify the mnzyce
and st least four of 1ty subunits were detected (22). This was achleved

through the wuse of electropharesis in polyacrylamide gels with saodium
dodecil sulphate (SD3).
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¥ith the coming of the DNA recomubinant technology, Lthe manner to
gttack the provlew acquired a nev focus, The molecular cloning of genea ot
higher arganisas and the use aof genetic engineering caused a revoiution
in the laboratories dedicated to the study of the gene expression and
regulation. With g new plan in aind, adding these new techniques tg the
existing gnes In our laboratory, we beganm to ldentify the elements that
were involved in the different regulation levels of the blosynthesls of
hPL (23). Briefly, ve wili memtion gur experluwental strategy which can be
used as 8 yseful guide to present simjlar studies,

1) The in vitro synthesis of hPL and ot its precursor torm (pre-hPL) was
studied (2a),

2} The aRNA and pre-sRNA's for hPL were characterized (24),

3) The construyction of & cDNA bank (DNAs which were copled from mRNA
using the reverse tranacriptagse enzyse) wea perforsed using terminai
human placenta aRHAs (24). i

4} The cDWNA devrived from the hPL mRANA was fsclated (24).

5) This oloned cDNA wa= characterized, and sequenced {25),

6] The chromosomal localization of tha WPL and hGH genes was carried out
by in situ hybridization ¢28),

¥1 The number of genes for thesg twa harmonas was estisated (26),

8) The nuclear genes (£7) for these hormaneg were |salated from a llbrary
of the huaan gencue,

8} The cloned <cDNA was hybridized agalnst cloned hPL genes to form
heteroduplexes (i.e. double stranded OUNA woleculws {orped between one
strend of cDNA and the complesentary strand of the gene). The exaaina-
tion ot these hybrid DNA aclecules with the elsctron microscaope,
revealed the presence af four swall introns {n the WPL genmes (24).

10) Two genes for hPL, itwo for hGH and aone hPL-!ike geme vere ldentified
{23).

11) The expresajon of the genes for hPL were analyzed (25).

42) Thie hPL - like gene wes sequenced shoving similerlities with the genes
far hPL.

13) Elezentsz Involved in regulation of hPL transcriptlion were [dentified.
The enxperimental projects and thelr results asre describked a=m

fallows:

MOLECULAR STRUCTURE

Molecular cloning of the mRNA far hPL

“Uslng the sase experluental mode! (the placants)! but vIith more
pawerful methods at hand, we propo%ed new and more ambitious questians:

Mhy 18 {t that the placenta at term contalng four tog five times more
translatable sRNA for hPFL than firat trleeater placenta?. Vhat were the
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possible mechanisma {nvolved In the speclitic regulatlon of the expression
of the gene {or genes) for hPLZ,

In an effart to respand to thesa guestions, we declded to study the
strycture, sbundance and origin of the wBNA for hPL.

Frojects carried out by other investigatars (Z9) indicated that the
wBNA for hPL should contain approximately 900 nucleatides. (m addltiam, &
traguent of 550 bawe pairs corresponding to a portim vf DNA cowpleaentary
to the WPL oRNA (gynthesized wusing reverse traescriptage end the DHA
palyeernze | of [scherjchia ¢oll) wvas already cloned in plasuld (29).

We Lisclated the total nuclelc saclde fros ters placenta. The high
soleaulsr weight RMAs vere purified by the uze of seluctive precipitation
with 3M sodium acetate, pH 5.2. Fros these RNA3®, the eRNA vere dJelected
through afilnlty chromatography in columns of oligodT-ceilulose. Thls was
achievaed by exploitlng the characteristic property of wkNA's possessing
pely A "tailla™ {in the 3' end,

The fNA messengers were tranglated in a celi-free system prepared
troe rabblt retlculocytsgs and wmause call cultmres. The synthaslzed
proteina {(which were radioactivaely labeled) were amlyzed by the use of
electrophoresls {n polyacrylamide gels with 5PS, By carrying out ilmmuna-
precipitation using anti-hfPL serum tuwo bands were shserved: ane that ca-
plgrated with puritied WPL and another wmore prosinent, that moat (ikely
repregented & pra-hPL (l.e. the igoature form of ML cantaining the signal
peptidel. The sus of these two bands rspresented approximately 15% of the
total radicactively Jabeled protein.

When the ANA messengers were analyzed thromgh electrophareais in
urea~acid-agarose geis, a prominent band of approrisately @60 nucleotides
wats observed (2a4). A bard of the same weagnitude wvas observed when s
reconbinant plassid, which contained the cONA Frageent of 550 nuc)eotides
of hfFlL (301, was lzbeled with 3?P and hybridlzed sgainst total RNAe tixed
within tilters. When the nuclear RNA was analyzed wing this same sethod,
four additlionail bands wera cbserved ot 990, (200, 1460 and L7660 nuecleo~
tides., These =03t likely are the hPl. #RNA precursors, The RNA aessengers
were also used to canstruct a cDNA bank.

Approxlmately 5% of the recombimant clones, which constitute the
bank, hybridized with sequences of WPl DHA, This Indicated that the RNA
seasenger for hPL i9 certainly abundant in teralnal placental tissuw. One
0! thq clomes which gcared positive in the hybridization, contalined a cDNA
ot spproxizately €15 bage paira. This clone was islated and characterized
by tha u=e of restriction enzymes torming the wap seen in flg. 2.

cDNA wmolecuies were hyaridized with noclecules of the hPL gene to
construct what is known 8% a heteroduplex, Te e¢lectronie micrascape
analysis of the heteroduplex reveled the presence, in the hPL gena, of
four soail introns or latervemient sequences (fig. 3) which explains the
prasence and sizes of the four precursors for the BPL gRHA present in the
nucliear RNA.

The {rportance of these rasults 1ls that they gstablished for the
{irst tige the folloving:

L. The cooplete map of the recagnltioe sites of the restrictlon
enzyaes present in the cosplenentary DMA of the wmANA for hPL.

2. The existonce of precursors (pre-mRNA! of the aRNA for hPL.
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Fig. 2. MHap and organization of the hPL ecDNA insert of
phPLE1S. It contains the 651 nucleotides (nuc.)
coding for the 26 aminoacids of the signal peptide
and 191 aminocacids of the mature hPL hormone. In
addition, the insert also includes 24 nuc. of the 5'
unstranslated region and 111 nue. of the 3' untrans-
lated region.
hPL, gene
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Fig. 3. Molecular structure of the human placental lactogen
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3. The presence of four introng in the gene for hFL,

Chyomosowal locallzetlon of the hPL-hGH gene complex

On which chroaosoma are the genes for hPL lacated on and how msany are
coding for this hormone?,

To directly visualize the genes in their chrompsomal Jocationis) an
experiment involving hybridizetion of DHA in metaphase chromosomes vith a
radloactive labeled probe (*H) was cartied aut. The probe consisted of a
portion af coaplesentary DNA to the messengar RNA tar the (WPL) which vas
cloraed in the molecular vehicle known as pHR3ZZ (1A). .

The wolecular hybridization waxy carried out In the presence of
dextran sulphate 10x%, whigh accelerates by ten~- fald the velpcity of the
proceas of hybridizationm. Anpther isportant tactor which decisively
contributed to our success In the chromoscanl localizatbon af genea with
very fev copiles per gencme, was the presence’ of the ONA chaine of the
veotor Gavalentiy linked to the inzert. These gingle ochain DNAS hanging
from the site of hybridiration wvhere the Insert 1is hybridized served as
an anchor for sultiple hybridizations betwsen couplesentary chains of the

denatured plasaid, resulting in amn increased accumulation of specific
ragloacgtivity.

The nunber of coples of genes for HPL and for human growth horsone
(hGH) vas detarsined tnraugh hybridization experiwent on nitrocelullose
tilter. In this experiment, sasples of chicken cell DNA vere testad in
parallal mixed with quantities of the recombinant plaszid <{(containing the
cONA for the messenger RNA of hPL) calculated in such 2a way that they
rgpresented 1,2,8 and 6 gene copies per human haplold genane.

Even though the experiwents describied above lnvolve DHA sequences for

~hPL, tha resulte could also be spplled to the hGH gemes. Thage two

horgones are very closely related with regpect to their evolution and
their respective DNA demonstrate wm high degree of sequence similary; due
to thiw, they easily hybridize with one another. It wag discovered that
there existed approximately three gemes for HWPL and three genen tor hGH
per huaan kaploid geoome and all of them were located in the chromosomic
segnent known as 17q22-24 (lang ars of chromosome 171

These experiments deogonstrated the great utllity of the hybridizatiom
in situ for the mapping of genex found in very few coples in the huamn
gONoEe. Besldes, they demonstrate for the first tlwe, the subchromosowal
ivcalization of the genes for hPL end hGH.

Isgiation and characterfzatjon gt the wembers of the wulti-geny faml
Having verifiad the number, the chromcsome locajization, the mole-
cular anatomy of the hPL and NWGH genes, and counting with the cowplete
wesvanger RNA for hPL wade from cDNA and {finally cloned; we proceeded to
igolate clones 7Trom the human gene bank (27), These clones contained
coaplesentary sequences to a portlon of the cDNA for the sRNA of hFL
cloned (3} into pBA32Z. This recomblinent plasaid, proportioned by Dr.

Peter Sgeburg, ls known as pBR3Z2-HCS, (MCS staunds tor Huwen Sowntomammo-
tropin, name also given far hPL).

Kidd took DHA f{rom the recombinant plaswid, labeled it with **P,
deraturali{zed it, and !emediately hybridized it agrinst phage recosblinant
UNAS originating from the gene bank, Frow a total of 500,000 piaques of
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pheges anaiyzed, the seven that resulted positive, were grown and thelr
ONAg puritied. The DNA obtaired from each recombinant phage, was charac-
terized using reastriction enzymes and hybridized agalnst the hPL cDNA to
locate regians containing hPL, or hGH genex. Seven different genes were
identitled: hPL,, hPly, hPL,, hPL,, hGH,, hGH; and hGH;z.

In at lerast two phages, ve were able to verily the cornection betwean
a WPL and a hGH gene. In addition, In anather phage, we cantlraed the
linkage between two hPL genes. This indicated that probably ajl the genes
vere relatad with each otheri thus suggesting, thet all of theas genes
evalved from & comuan ancestar and that they originated hy wmechanisms of
gene duplication and diversion. In more recent studieg we established that
hPLy and hPL, vwere the same gene, reducing to three the number oaf genes
tar HPL (hPL, (hPL. and &Fl:J). Alge, the axisiance af the hGH: gene vaz nat
confirmed.

T n tru T

The molecular atructures of the genes wera obtained by four different
methods. These were: L} hybridizatioas on nitroce!llulose filters (13; af
the labeled cDNA (grobel, against DKA from tha f{raguented genes obtained
by the use of restriction enzymes. 2) cowparing saps that countained
variogus restriction enzyme cutting pcasitions carried out for every gene,
3) confirwing information obtalned by determining the nucleotide sequenge
of the regions that [lank the initlation and terminmation paoints of the
genes, as well B9, the borders between the exong and imtrons. 4) and
finally, obtaining formation frow the iiterature cqacerning the sequences
of the cDHA and the gene far growth horwone, described by ather groups of
investlgators (31,32). Four of the genes showed & very high degree of
pucleotide sequence similarity vith each ather, as wvell as quite similar
restriction eniyme gaps. However, by: 1) the prezemce of repeated sequen-
ces adjacentiy to the 3" end aof the gene, 2} the length af the fragaents
tlanked by EcoRl sttes and 3) the presepce of characteristic restriction
sites, it was possiblie to digstinguish and identity each of thess genes
fig. #)., For example, while the two hGH genes are contained within Eca RI
fragments of 2.6 kilobases (kbi, both contain repetitive sequences near
thelr 3" end region. Furthermore, both have unique sitas for ERlIl. Even
though these genes posgess these sipilacities, one of them {(hGH.) has only
one BamH} site in its fourth iniron. As another exaaple, we can mention
the tgllowing. Twe of the genws for hPL are contmined within fragments Eco
Rl ot 2.9 kb and possass uniqua cites fTor bhoth Xbal and HaaMi. Mowever,
they ¢an be distingulrshed from each other by the presence of one (hPla) or
two (hPL,) Fvuil sites. As 8 final example, the fifth charecterized gens
(hPL,) iw contained in a EcoR] fragment of 6.5 kb, which can be cut wlth
Xbai, liberating a fragmwent of 3.5 kb containing the gene. In additiam,
thia gene is characterizad by the abaence of Xbal and JamMl sltes.

Molagular Anatopy of the Hulti-gene Complex

The results obtained through the jn situ hybridization experiments
indicated that the genes were grouped within the region betwsen the bands
q22 and qZ4 0f chromoscwe 17, Due to the quantity of DNA cantalned withim
this cohromoscmal region {sevetal willlons of bage pairs), Ilittle could ve
deduce concerning the organization of these genes. Thus various questians
wrise: how close are thege gones with respect to each gther? What Is the
spatial relationshiy that the hGH gened have with reepect to one anothar
and with the hPL genes? s sach gene transcribed from the saae DNA chain
thus waintaining the same sense of tramscript directlom; or, do members
exjgt that are transcribed from the opposita chain?
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Toa sclve these inquiries not only the data cbhtained frouw the isalated
recoabinant phages were analyzed; but, also we used information froa other
laboratories who wera misoc working on Lthe same these. The data obteained
tram the molecular genetic analygis 4qf patients wha presented & congen-
ital absence of hGH or hPL was algo very useful te us, For exasple, &8
patient who presented with an absence aof hPL (see Fig. ©5), was shown ta
possess a deletion ot approximately 35 kb with the loss of the genes WPL,,
hGH; and hFL;, [t was concluded that at least these three genas wvere quite
closa to each other. Having tound recombinant phages containing two genes
which vase always one of the hPFL type and the ather of the hGH type, was
particulary valusble 1in the wstablisheent af the wolecular enatomy of the
genetic complex for HPL and hGH. This indicated that not only are the
genes close to each other but, that they are also intersixed with respeat
to their spatial arrangement mlong the chroeasoms. in fig-. 5, the map
proposed for tha genstic couwpler ix fllustirated. This wap was lszter
confirsed by 1#6lating cosmid <lones contaimlmg ali tha gene wembers of
the hGH-hPL geng compiex (33).

GENETIC EXPRESSION

hPL_gene expression

Uhat 1s tha reason for the multiplicity af the hPL genes? Vhat might
be the function of these genes? Hlght it be that all are transcriptionaily
agtive Ln the terw placenta or, are sowe of them pseudogenes? To ansver
these questions the folloving experiments vere designed.

Fliteen recombinant plasaids were selected from a cONA  bank of tern
placenta RNA, that tested posltive when they were hybrldlaed to deteat
couplementary sequences to hPL cDNA. Having knovledge of the aap indica-
ting the characteristic cleavage sites for the restriction enzymes ot each
hPL. gene tsee fig. 4); we procesded to cut the DNAs of these 15 plasaids
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with the restriction enzyues., This was performed with the objet.e of
tindlng cONAs correspanding to hFL transcripts of the WPL,, hPL: an “PL,
genes. By wusing this wethod, these geénes could be distinguished r the
absence or presence of caertain sitems of tha diagnostic rastriction ezrmes
for each gene, ¥e were able to detect plaswids with Insert characte:stlo
at hPL, and hPL; but not howvever for the characteristics ezpectec 3r a
tranacript of MhFL,, In this manner, we& were able to establish i the
firet tima, that hPLy and HPL, were transcriptionally sctive i::erm
placenta; and that possibly, WPL, was n pseudogens or that 1t 19 exprssed
tn othgr atages of the placental developaent. Both cDMAs were characeri-
zad and sequanced. Their representation in the ters placenta, dete=ned
by three dlfferent experiments, was estisated to be In the praportis of
tvo to three for the RNA mespengers of bFlL, and hPL, vespeatively.

hGH Patwnt hPL Patwent
datetion dalalion
7.5 hb) < (~35 &b} .
55 hGH-1 hPL-1 g hPL—4 é hGH-2 WM-3
I T 1 1 T T
Q 19 20 b 4 49 50 kb
T Eco A
f Mind @
4 Bam H

Fig. . Ulnkage wmap of the hPFL-hGH multi~gene clugter,
Thig map was constructed using information from
redtyiction enzyme analysis of recombinant phages
containing hPL and hGH genes, and the analysis of
ilnformation from a wolecular study of DNA from a
patient with antenatal deficiency of hPL (see
ref.46)., The areas believad to be deleted in this
patient mnd 1ln a2 patient with fawllial 1sclated
growth hormone deficlenty are lndicated above the,

map. »

Flnally, comparing the sequences of both cDNAs, 10 diffarences {n the
nucleptide posltiong were detected; although only one of thes, cuassed a
cthange in the asino acid sequence., This changa 19 located in the signal
peptide, which means that when this protein is processed before secrationm,
the mature protein coded by each of the two different genes is Edentical.

DNA geguenced involved jin reguigtjion qQf the WPL gene,

Mast celluylar and viral genes have been shown to contaln cls-acting
sequences which regulate transcription ot the gene. Some of thess sequence
include the TATA box and CAAT box located {n tha upstrezs promoter
reglons. Also hormone receptaor sites, enhancers, and sequences shich bind
general or tissue saprcitic {Bctors can alter gens express:on, These
regulatary regions may be found upstream, downstream aoF within a gene.
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Ve surveyed the aentire hPL-hGH gene cluster for the pressnce u!
transcriptional enhancers (34). The gene ciuster was dligested with EcoRl
mrrtd pach restriction fragament was tesied, using a traneforaation assay,
tor enhencer sctivity in hPL producing choriocarcinoma cells. The only
enhancer detected was located 2 kb 3' to tha hPL, gene (fif. G).

A vector comstruagt {fig. 7)) containing the hPL enhancer Linked to the
reportar gene chlorsaphenicol acetyl trans{erase (CAT} wunder the control
of the SV40 promoter vas used in transfection studies to further charact-
ecize the hPL enhancer. These 9Studias 3showed the enhancer was tiszue
spuciflc as (it was active only 1in cells which produce hPL. Teansfectlon
studles using chorlocarcinoma cell llunas have sublocalized the hWPL
enhancer to &8 730 bp Accl-Aval restriction fraguent.

Deletion anzlysis of the enhancer suggests Gthat aultlple sequences
throughout the 730 bp enhancer are necegsary for enhancer activity, One
reglon may be more important than others as over 60X of enhancer activity
was found ¥within the 5* most 210 base pares (bp). Protsin blnding studles
suggest another 265 bp reglon (reglon 11, fig. €) may aleo be important.
Thig region specifically binds protetn tound only in: placental nuslear

extracts. Regians | and 11! bind nuclear proteins comman to both cells
which praduce hPL and celis which do not produce hPL.

l 4 | —1 L i I L L i L 1 J
1" W00 ZN 300 W 500 U TO €30 WO 1000 by

Fig. &. hPL gene and regulatory sequences. Restrictlion
enzyae digestlon mnaps of both the promdter and
enhancer reglons are shown. Boxes correspond to
hFLy eaxons. Enhancer restrictlian fragments
teqted for nuclear protein = DNA interactions
are denated mas [, [I, L1§ and LV.

DHA sequences extending 500 bp upstream af the hPL and hGH genes are
95% homologous. When these $00 bp reglons were ingerted §' to the CAT gene
they were each shaown to have low prompotar actlvity. However, when the hPL
enhancer was linked to elther the HFL or HGH proacter, & warked difterence
in trangcription activity waa noted. Transcriptionm activity of the hPL-
promoter hFL-enhander pair wag 10-fold higher coopared to that af the
prosoter alana, and 5 fold higher than the hGH-prowoter hPL-enhancer

45

PN

i T




coabination. This suggests that the hPL enhancer may act preferentlaily on
the hPL prowmoter.

Ampf AP, enhancer
CAT
Svi0, hPL, or hGH
Promaotars
Fig. 7. CAT vector foar hPL promoter and
enhancer studies. Plaswmld vectar
containing the promoter l|ess
bacterial geneé faor chlioramphenl~-
cal acety!l tranaferase {(CAT).

Promoter sequences were inserted
5' to CAT and enhancer sequences
added 3" to CAT.

The WPL promotear was analyzed to determing sequences that are
fmportant for regulating the tranacription of hPL. Deletion mutants wvere
created by digesting the S00 bp hPL promoter with various rastriction
enzymes. The resulting DNA fragmants ml]l contained the sawe 3' end but
varled in length of 5' sequence (fig, &). The deletion {fragaents uere
ligated &' ta the CAT gene In a wvectar that slso conteined the hPL
anhancer to increase activity (see fig. 7. The plasmidy vere transfected
into placental choriccarcinoaa cells snd g level ot CAT activity &asseyed
ta detaraine the tranzcripticmal strength af each prosoter mutant. Maximal
sctivlty wag seen when the promoter contalned 390 bp of DHA and decreasing
the gize of the promoter to [52 bp did not lower thls high activity.
Initial experiments ghowed Ilower activity when the promoter fraguents
contained 2300 bp ar 500 bp of wupstrear DNA sequence. A pronounced
decreasa (7-10 fold} In CAT activity was seen wuhen the promoter uas
reduced ta 129 bp, This low activity vas also geen when the sequences
between -152 bp and -129 bp were removed from the 390 bp fragment {390

5A). A new 142 bp clone was prepared and it had activity similar to the
1582 bp clone Iindicating that an lwportant reglom tor transcription ils
cantainged tetween the DNA sequences -142 and 129 bp. This gequence may he
{mpartant for binding trans-acting factors which stimulate the transcrip-
tion of the WAL gene.

The hPL genes contain sequences both 5* and 3' tg the genes that are
impartant far 1ts transcriptlooal contrel. Further study of these regions
aay elucidate thefir wgmechanigmts) of ackion in the regulation of hPL
eXpressian.

48

Fi

Is hPL,

L]
in its
we cau’

conta i
into tl

A
digests
digest
approp
Recomb
idanti
Sanger
recomb
charac
weaber
thig ¢
eristi
below.

1




prei#rentln 1ly an

y and
ctor
lens
end~
A7) .
tted
nces

nces that are
tlon mutents were
rious restriction
mue 3' end but

fragaents vere
ntalned the hPL
wie transfected
wtivity assayed
witant, Maximal
il ¢nd decreazsing

high activity.
wotar tragments
ke, A pronounced
lhe promoter vas
an the sequences
tp fragment (380
I sleilar to the
tramscription is
i sequence msay be
fe the trenscrlp-

genes  thet are
o these reglons
Mulation of MPL

CATA TATAA

N R
L, T T T T ]

g S0 -A00 -3¢ 20 i +2

hPL FROMOTER
FRAGMENTS
"y 230 BamHl
483  EcoHl
3% FruDE
-Z2 Hinll
_ 172 SmulAl
- -2 Wnil
-9 Al
—_ -7  Hsal
30 ASA

Flg. 8. Deleti{on mutants ot the hPL prowmoter.
Deletion mutants of the HhPL promoter were
created by digesting thg DNA with various
regtrictian enzymes, The f{ragments (30lid
Iine) all had identical 3* ends but decrea-
sing amounts af 5’ DNA.

is hPL, a pseudogene?

What was the nature of the hPL, gene? What type of protein was coded
in ity nucleotids sequenca? Was thls gene, vhoge transcriptionmal products
ve could nat tind in term placenta;, potentially fumctionail? or did it
contain mutations that rendered it as a pseudogene? Ta obtain an insight
into these uncertainties, we decided to dissect the WPL, gene.

4 3.9 kb EcoRl - Xbal DNA fraguent- coutaining the APL, gene way
digeated with various restriction enzymes. 4Allquats of each of these
digestlons were llgated to M13 vectors that had already been cut with the
approprlate regtrlctlon enzymes to ganerate compatible ends for cloning.
flecogbinants for each ¢f the different fragments spanning the gene were
{dentified and their single stranded DNAs were purifled. The methad of
Sanger (18) was used to determine the sequance of the inserts In these HL3
recoabinants, The sanilymis of the hPL, sequenca indicated that the
characteristics of this gene are very sigilar to those of the other
menhers of hPL-hGH gene camplex. However, in splie aof these similarities
this gene possesges unique features. Both, the common &nd unique charact-
erlatigg of the nPL, gene with ragard to the other hPL genes are listed
below,

1. 1t containe tlve exons of 1dentical length to those Lln the cthar
hPL and hGH genes,

2. It containa normal TATA (-30) and CAT (-B4) boxes.
3. [t conteins & normal polyadenyiation signal which s fallowed by

a characteristic truncated Alu el!erxent located 100 nucleotldes
further downstream.

47




LE |

4. The protein that it encodes differs in 16 amino acld pozlitions,

as compared to theg mature hFL proteln coded by the hPL, and
hPL; .

5. The WFL: gene contains a G to & transition at the 5° splice
consensuy alte of the second lutron; thus, preventing pre-mAta

processing at this gite and classifying hPL, as a3 pseudofens
candidate.

Nhen ve searched for the presence of hPL, gene cONA clones in 3 human
term piacenta cDMA llbrary, we did not detect them (25). The search for
transcripts of this gene by other group of Investigators {351, who used
hPL, gene specific oligonuclectides, vas algo unsuccesgful, This evidence
along with the presence of the point nutation at 5' splice site of the
second Intron af bPL,, that In ather genes (36) has been proven to be a

cause ol gene fnactivity; strongly suggested that thls gsns was 2 pyeudo-
geng.

Mare direct exparimental evidence was required to resch & definitive
concluslon regarding hPL, gene expression. We decided to test Ina
transient expresgion experiment, it the splice site point mutsation in HPL,
rendered it unable to generate a wature =mBENA., We rationallzed that
adequate cantrols for this experiment should be to introduce the wutation
present in hPL, into a normal hPL gene and see {! Lt now becoues defective
in the production a! mature mRNA, and to revert to wild type the mutation
in hPL; to see If [t now becomes active. The assumption behind these
experiments was that the polnt wmutation was the only cause aof hPL-1

apparent gene inactlivity. Next, we went on testing this assumption,

Conparisons of the nucleotide sequences around the regiom of the 5°
splice donor slte, contained In the active hPL-3 gene and the putstive
hPL-1 pseudogene, made it clear that we <ould easily exchange the mutated
area batween these two genes. We found Pwull and facl sltes lacated 30
base pairs upstreas and 86 base palrs downstream of the wautation site,
respectively. The sequences in this restriction fragment, of approximately
120 bp, differs among the two genes in anly four nucleotide pusitions. In
addition to the single point mutetion in the 5" danor splice sita, there
vere three othgr nucligotides sites within this reglan where these genes
differ, The additional changes, however, are located inside the intron at
6,27 and 634 bp downstream from the exon-lntron border, poaitions that
Egu&d be taken as of little importance for the pre-mRHA processing.

-~ Ve carried out the shuftling of this restriction fragment among hPL.
and hPLy genes. To our advantage, the differences between these twao genes
inside the second intron sequences, were assoclated with am Alul site.
Thus, the succes=ful exchange of the Puull-5acl fraghent could be agnito-
red by Alu!l digestions of the recombinant hybrid genes.

Furthermore, to leave ng doubt of the ldentity of the recowbined
genes, ve deterdinad their nuclaotide <gequenge in the area around the

exchanges =ite. In this sanmer ve were suce ve had our recombined and vild
type genes to test our hypothesis,

¥e next constructed a nmew plasaid veclor derivad frow pCHVCat (a
plassid containing coytomegalovirus enhancer-prowoter comtrol sequences
fused to chloramphenicol =acelyl Lransfersse structural gene). This
construction wae shovwn previously to be & paverful expression system (37).
Our new vector called pAVE-1 containg: pER322Z {184) geguences 1Irom the
EccRl site ta the Accli site; the enhancer-promoter sequences of cyto-
wegalovirus {(37); =and the polylinker region of pUCIB (38). We then
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subcloned into PpAVE-1 the structural regions of our test genes and were
ready to assay their expression (fig. 9).

To determine the expression of our hybrid genes, we choose to intro-
duce them into cultured cells (transient expression-assay) by the techni-
que of calcium-phosphate-DNA coprecipitation (39). The efficiency of .
transfection was evaluated by using the CAT assay carrled out on a
¢raction of the cultured cells cotransfected with both the test gene and
pcﬂvcﬂt-
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Fig. 9. Subcloning of hPL genes into the
expression vector. The hPLx; genes
were directly cloned in pAVE-1 from
their Bam HI site at beginning of
the first exon to the Eco RI site
at the 3* end of the gene. A
different strategy was used for the
hPL-1 genes since they lack the
Bam HI site. To clone them, we
replaced the 5' end of these genes
with that of the hPL-3 gene, from
the Bam HI site to the Pvu I “th
the second exon.

Ve isolated total RNA from the remaining transfected cells by the
methad af guanidinium isothyocianate-lithium chlaride (40). Then we
glyoxalated the RNA and separated it in an agarose gel. We transferred
the RNA to 2 nitrocellulose membrane and hybridized it with an oligolabe-
led hPL cDNA probe. The preliminary results from this type of analysls
indicated that the wild-type hPL-1 gene is not capable of producing a
mature mRNA and that when its mutated splice donar site is substituted
vith a normal one this gene deffect is reversed. On the other hand, the
wild-type hPL-3 gene produces good levels of hPL mRNA and which are
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drastically decresed when thig gene harbors the mutation present in hPL-1
gene.

Therefore, we concluded that hPL-1 18 a pseudogene because, even when
it nag 8 high siwilarity to the hPL active genes, does nol praduce a
watlure wmRNA.

hGH _gene expression

Even though the 22 kllodaltons form of huaan growth hormons, the one
which normally circulates In the blood, |8 coded by the gene located in
the %' region of the sulti-gene coumplex (the hGH,, or hGHy, « beling
"noreal™], The eaxpression of the gecond hGH gene, hGH: or hGHv (v being
“variant™), has been detected using an expression vactor darived from the
wonkey slwmian wlrus 40 (5V40). When cells In culture are infected with
this recombinant virus the trans¢ription of gene can he observed; and as
result, there 5 a production of a hormone that differs in 13 asino acid
positions with respect ta hGH, (4i1). More recemtly, by tha use af synthe-
tic ollgonuclectldes specific tar the hGH; gene, leveis ol hGH; wRNA at
teagt four orders of wagnitude lower than thoze of hPL mRNA, vere detected
in term placenta (42). VUp tao navw, it is not knaown vhat passlble function
may have this hGHv gene product.

The complications do not end here since the primary transcriptiam
product of the hGH, gene, i3 regulated in its processing. Dus tc the
presence of two alternative splicling sites in the eliminatlon of one of
Its intron (43); the additional mRNA that 1s produced, gives rise to a
vaeriant af the normal growth hormaone (of 20 kilodaltons), wvhich represents
approximately 10% of the growih horeone activity present in the pituitary
gland,

Expression and functional amalysis of transfscted hGH and hPL ganes-

hGH and hPL are the twa well characterized products of the hGH and
hPL multigene compler., They shace B5% of their aaincacids. hGH is unique
smong the animal grawth bharoenes [n that {t possesses prolactin-)ike
activity. hPL alsc shows prolactin-like activity and in apite of its
sequence sluilarlty to hGH, it is virtually Inactive az GH. The structural
giwiiarities and functional dlfferences of these horsones offers a jood
apportunity to study the svolution of functional dowains Iin proteins.

Ve are interested In studylng the poesible functions of the less
characterized uembers of this nultigens complex. Whillie the major product
ol the hGHa genhe (the 22 kg torm of hGHY and the identica! sature proteln
encoded by both hPL, and hPLy genes are e&asily obtained from pltultary
gland and placenta, respeactlvely, this 13 not true f{gr the putative
protein products of the resaining gene wembera. The protelns encoded by
the hGHv and the hPlL, genes, &and any ather sminor products genmeratad
through differential splicing from any of the gene wewbetrs can only be
studied by recombinant DNA approaches,

As a neccesary step to pursue our objetive ve declded to stabllsh an
efficient expressidn system based in the transfection of genes into
cuftured celis. Starting with Lthe hGH, gere, we have constructed nev
hybrid gemes (Fig. 10) by Joining the structural reglom of this gene with
various types of transcriptional comntrol elements., The navel joints
plasmids tacrhor the foliowing proscter and/or enhancer elements: the wmouse
metallothionein | promoter (pMThGH), the mouse wmetajothicnein promoter
together with the 5V40 anhancaer {(pNUTKhGH!, the prowmoter-enhancer of the
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jpmediate early gene of human cytomegalovirus (pCMVAhGH), as well as the
natural promoter of the gene in conjunction with the G5V40 enhancer
(pSVEPthGH). As @ result, we have achleved a good level of expression of
this structural gene by transfection intc COS-7 cells. Both Northern
plotting and radioimmunocassay were performed to evaluate the strenght of
these transcriptional control elements and hormone secretion, respective-
ly. The best secretion of hGH was achleved using the pNUThGH plasmid. The
potency of the remaining novel joints can be ordered, going from the
ctrongest to the weakest as follows: enhancer-promoter of CMV, natural
propoter in combination with the SV4D enhancer, and finally, we obtained

th.ﬂ;nrest secretion of hGH into the medlum when using alone the promoter
of e

Fig. 10. Structure of hGH expression vectors.
With the exception of pSVgpthGH ,
which contains the entire hGH gene
(including its natural promoter), all
the other vectors shown here were

> constructed by fusing the hGH gene

structural region (BamHl site at the
beginning of the first exon to EcoRl
site at the 3" end) to wvarious
transcriptional control elements. In
pMThGH expression of hGH promoter-
less gene is directed by the mouse
metalothionein promoter. In pNUT act
both SVa0 enhancer sequences Aand
mouse metalothionein promover.

Finally, in pCMVhGH the transcriptio-

nal control element is the enhancer-

promoter of the inmediate early gene
of human cytomegalovirus.

\

Our results confirm those obtained by Pavlakis et al (41). Using SV40
vectors carrying the structural region of the hGHs and hGHv genes, they
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showved that monkey kidney ceils vere able to process WM prehormone and
secret the mature hormone inte the culture wmnedium. The amount of hGH
tecreted In our trapsient expression experiments was comparsbie to that
gsecreted by Vero cells lines persanently <transtecled with a plasaid
carrying an SVa0-hGH hybrid gene (341, Theretore, ve are now ready to
produce enough gquantiiles of tLhe other protein products encoded by the
hPL-hGH genw (awily aewmbers, to start an aenalysis of their posxibie
functions.

MOLECULAR BASIS OF THE DEFICIENCIES OF hGH AND DPL

In 1962, a cagse of a pregnant wvosan was descrlbed who presented a
total absence of hPL {determined lagunalogiceily). Even so, her pregnancy,
birth and child wvere completely norsal (45, A polecular study (4G) of the
KWPL-hGH complex in thix placenta, reveaied the cause of this Iack of hPL.
A DMA deletlon of approkimately 35 kb (see fig. 5) which ellminated the
hPLy and hPL; genes, as well as hGHv, wey detacted. However, the fifth
gene (hPL;) which containg segquences related to hPL, was not eliminated in
the deleticu. 1t wes thought that maybe this gene produced & protein wlth
activities giwllar to that of hWPL; slthough chemicaliy slightly different
since it did not rerct to anti-hPL antiserun.

As descrlbed above, Inforsmation obtalned at preseot {roa the male-
cular discsection of the hPL, gene strongly suggests hPL, 18 a pseudggene.
This is becayse [t containe a mutation in regulatory regions (danor «ite
for the proceszsing of the gecand Intron} that in other exeapled would
Inactivate the gene (36}. This izmedlately suggested that probably hFL say
not be necgssary for the gpregnancy sasnd normal fetal and extrauterine
growth,

Contrary to what happens with the sbsence of the genes hPL, and hPl,
responalble for the hPL synthkesis, in & 108 report (47), 1t was desons-
trated that in & case of type A of huran growth hormone deflciency
{characterized by dwatrfism, the compiete absence of lmounoreactive hGH and
by the geperation of antibodies in response to hGH treatment), the cause
was a deletion of 7.5 Kb that eliminates only the gene for hGH (see fig.
8.

MOLECULAR EVOLUTION

The sequencg enalysis of the genes has given us valuabie !nforsation
to allow us to iry to recaongtrugt the evolutlonmary praocess of the struct-
ure of the hCH-hPL complex. In 1871, Hial et ai. (48} noticed the
presence of similar swinorcid regions in the growth, piacental tactogen
and prolactin hormanes. This observation indicated that these horacnes
were probably related to each cther wlth respect Lt their evolution. This
was also suggested by their physfaicgical activities, since tha three show
overlapping activities iw different oOpgrees, Thege observatlons i{ead to
the nypothesia the genes for these hormphes constitute o family, from an
evolutionary point of view, having orlginated from a tommon ancestor. This
common ancestor, which is believed to be slellar ta prolactin (since It
exists in all vertebrates vhile the ather iwg hormones evolved iater In
higher vertebrates and placental wammais?, underwent a gene duplicatiom
and subsequent divergence of the products. This lmplies that there exlsted
at feast twyg events of genetic duplication durirmg the evolution of these
horuones (fig. Li). The first estebilghed the brancherx of prolasctin and af
growth horamane. The second, wost likely occurred In the growth horsone
branch, giving rise to the placental lactogen horeones, the youngest
wember of this f{amlly.
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Fig. 1l. ¥Fggeible pathway tor evolution of hPL in mammall-
sng. Two altenative hypothesis are presented. In
Lath of them =8 gene conversion wechanisms has
Tendered the aminoacid sequences In hPL and hGH
very similar (85%),

Ualng tsxanomie, a@ing acid, and nucleotide fequence comparisons, 1t
has been estjgated that the firat genetlc duplication occurred approxima-
tely 400 wmillion ysars aga. This estiwation goes back to the times when
the evolutionary divergence of figh =nd tetrapods occurred; since the
pituitary glands of aaphidbians, reptiles and birds contain diflerent
moleculed simllar to prolactin and growth hormone.

Eetimationgs of the gvolutlonary origin of the hWPL gene, using two
ditterent criteria, give conflicting resuits, The necessity ot plagentsl
lactogen acvospanied the origin aof “the principal orders of placental
wamwals, approxivately 75 willion yesrs =go. On the other hand, the
branching of the primates opceupred about 60 milllan years ago, conzidered
to be the spproxicate time when the hPL appeared, However, the anziysis of
the aming acid and nucieotlds sequence suggezt that the appearance af an
WPL gune by duplicatlion from lts ancestor hGH gene occurred wpproxisately
10 mitiion vyears ago. To resolve this paradox, it has been postulated (a9)
that gend caonversiaon =must have occcurred (A non-veciprocal, recombinant
mechanise vwhere 3 gene serves as & mold to correct putations {n another
gene). The tact that the genws for YLhese two hormones are contlguous on
the same chromogome, could hava facilitated thie gene converaiong further-

sore this wyent sust have haprened about 10 million years ago (3ee fig.
111,

Finally, the observations af the internal homglogies of these threa
hgreaned, suggest that the coomon ancestral gene could have tesulied from
a repetitive duplication procass aof a gene that coded for & primordlal
peptide of wpprowioately 20 emino aclds (a48),
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FERSPECTIVES

Educ‘tio
Coverne€
The 7resulls presented here alliov us to eluoidate, at a molecular gevadd-
lavel, the toute of the genetic flow of Inforeation for Lthe Placental
Lactogen horoone. Since 1te starting point In the nucleuvs of huwan H.
placental cells and through the different leveis of axpression, thins uniuer!i
genetic intoreation {s a product of the structure, fumction, and evoluytlon
of thls horwone. Th
translal
Haw we know the structure of the tvo actlve gemes responeible 19r the
praduction of the hPL. They are relatively small genes {the sequences
present in =RNA are approximstely 800 bp distributed in flve sxoams REFEREM
interrupted by Jour swall introns), These two genes are within a cluster
that includes two genes for the ¢rovth hormone and 3 {fifth gene that 1.~ F.
cantalns sequences thet ldentlfy It ay giwiler ta the hPL genes. These sl
genes gre distributed in approxiuately 50,000 bp of DNA In the q22-24 2,~- P.
region of the human chrososowe 17, 3.- 4.
oa
In spite of the advances achieved, there is stiil much to be [nvestl- &= Ta
ghted concerning the expression and reguletlon of this genetlc complex. Bl
Ve know nothing abogut the exprassion of the WPL jenes durlng pregnancy nor .- D
in trophoblast pothologles, We are Just begining to understand the &.—- P
mechaniszs {lmn splte of the proxioity and very high siallarity of its A
genes) by which the cell wanages to control the speglfic expression of Lhe 7.- N
genes such that hFL 19 produced in tha placenta, vwhi!e hGH be produced in ta
the pituitary gland. The causes af sudden Iincrease af HPL syntheais 8.- E.
during the second triaester, as well as the regulation of the synthesls of Pl
hPL are still unknown, We do not know Lt hPL Lis invoived In the sechanisms .- I.
ef inltlation of labor during birth, nor If {t has any role in the ta
impunological concealment that the plecenta and {fetus possess to avoid pl
being rejected by the maternal leoune system, 10.- B.
h
It is necessary to perform wove definltive studies in relation to the €
erpresslian of the hGHv gene, to belter understand physiclogical role that 1i.- H.
its gene products milght have. " ol
12-' J-
It 1s clear that the atudies described in this assay, allow a better 1]
understanding of the wolecular basis that conkrel bliologlcal processes so cl
important such as cellular differentiation and development. A batter 13.-
underatanding of these normal processes would help clarity the ceusea of
genetlc and other type of aiiments, the aginf process, and the origing ot 1a.-
cancer.

Certainly, this ia a good wmodel ta carry out studies related ta
genetic regulation and we hope ta continue learning froe 1t. 15.-
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SUMMARY

We have isolated, clonéd and assayed the functional
expression of pituitary cDNAs for human grawth hormone
(hGH). A =selective cDNA clonlng strategy was used to
preferentially obtain both hGH 2ZZK  and hGH 20K cDNAs.
These were used to construct minigenes which were
subcloned' inte the eukaryotic expression vector pAVEZ
[Ramirez-Solis et al., Gene 87 {1990 291-294].
Transfection assays in C0S5-7 cells of both minigenes
proved they are similarly efficient in generating mature
RNAs, and allowed the detection and visualization of the
secreted hGH-22K and hGH-20K polypeptides. Finally, the
hGHs transiently expressed and secreted into the culture
medium by the transfected {0S-7 cells werg able to
gpecifically promote differentiation of preadipocytes

JI'3-F4425 to adipose cells.



INTRODUCTION

The graowth hormone normal (hGH-N) gene is the only
member of the five gene human growth (hGHj—placental
lactogen (hPL) hormaone multigene family that is expressed
in the pituitary gland {1}. In spite of its high (" 85%)
aminoacid sequence similarity with hPL; hGH has, as one
of its diétinctive functional features not shared by hPL,
the capacity to induce differentiation of adipocytes [2].

Differential splicing of the hGH-N gene primary
transcript generates two different mRNAs. The translation
product of one of these mRNAS is the well characterized
22-KDa form of hGH (hGH-22K). The other mRNA contains a
45bp internal deletion and encodes the 20-kDa form ©of hGH
(hGH-20K) [3-4). The 20K hGH mRNA and its corresponding
hormone are present at very low abundance in the

pituitary gland.

In vitro mutagenesis (9] and molecylar cloning experi-
ments [4] have led to the isolation of the 20K hGH CDNA.
Biological activities of the 20K-hGH have been found to
be equipotent to 22K-~-hGH in various growth-promoting
assays such as tibial tests, body welght gain tests and
in somatomedin synthesis [6-8]. However there is
controversy related with their effects on carboh}drate
and lipid metabolism. Qur understanding of the molecular
biology, physiology and evolution of these alternative

hGHs forms, will depend on the future supply of the



receombinant versions for comparative studies,

Here we report isclatien, <loning and functiomal
exXxpression of both pituitary hGH <cDNAs. We have
integrated very simple cloning and production strategies,
and evaluated the in vitro adipogenic activity of the

cDMNAs encoded hormones,

MATERIALS AND METHCODS

Restriction and modification enzymes were purchased
from Bethesda Resgarch Laboratories Inc. ( BRL,
Gaithersburg, MD) and New England BigLabs Inc. (Beverly,
MA), and used as suggested by the supplier. [a?®F]-dCTP,
235-dATP and L-[{®*?5]-methionine were purchased from
Amersham Intl. (Buckinghamshire, England). The enzymatic
kit for c¢DNA synthesis was obtained from BRL and the
sequencing kit (sequenase) was purchased {rom United
States Biochemical (Cleveland, OH)

Total cytoplasmic RNA was isclated from pituitary
gland by the thiocyanate-phenol-chloroform technique [9].
Quantity and quality of RNA preparations were determined
spectrophotometrically and corroborated by agarcose gel
electrophoresis [10]. Poly(A)"™ RNA was subsequently
selectaed by 0ligo(dT)-cellulosg chromatography [11]. The
Poly(A)” RNA was converted to cDNA, digested with AatIl
and Xmal and cloned into the similary cut pUCl9 plasmid..

DNA samples obtained during the procedure were
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electrophoresed in a 1.4% agarose gel, transferred +to
nylbn membrane (Gene Screen Plus) and analyzed Dby
Southern blotting {12] with an homologous 3<P-labeled
[13] hPL cDNA probe (l14].

DNA restriction fragments were purified from agarose or
pelyvacrylamide gel slices. This was performed by
electroélution or Geneclean (BIOl0l, La Jolla, CA)
extraction [157§. Ligations, bacterial transformations
and plasmid DNA isolations were carried out using
standard protoccls [16]. Recombinant plasmids carrying
hGH CDNAs were characterized by restriction analysis and
nuclegtide sequencing [16]-

CO0S-7 cells (a gift from T. Kua)] were adapted to

grow in Dulbecco's modified Eagle's medium {Sigma

" Chemical Co., St Louis, MO) containing 1% fetal calf

serum, (HyClone Laboratories, Inc., Logqan, UT). They were
maintained a£ 37°C with 5% CO_,. Plasmid DNA (7.5 ug/ 2%
cm® culture flask} was transfected by the calcium
phosphate method [17].

Northern blot analysis of total RNA obtained from
transfected CO05-7 cells and in viva labeling of newly
synthesized and secreted proteins were performed as
previously outlined [18]. Quantification of hGH was
achieved using a commercially available hGH
radioimmuncassay (RIA) kit (Diagnostic Products Co., Lous

Angeles, CA). The test was performed as described [19]



directly on the tissue culture medium.

Samples of culture medium from COS-7 cells transfected
with the different plasmids, were added to a final
concentration of 30% (v/v) to confluent 3T3-F442A cell
cultures supplemented with non-adipogenic medium [20].
After 7 days, <¢ell cultures were fixed and stained with
0il Red 6 for adipose canversion quantification. <Control
cultures were also maintained with non-adipogenic medium

with or without 25 ng/ml met hGH =<,

RESULTS AND DTSCUSSION

Preferential cloning of pituitary hGH cDNAS.

The computer aided inspection of published hGH <cDNA
sequences [21] resulted in the identificationp of unique
restriction enzyme sites flanking the hGH gene coding
region. At the 5' end of both hGH ¢DNAs, we chose an
Aatll site centered at cocdon -20 of the signal peptide
(26 amincacid aminoterminal extension). At the oppousite
end, we found a convenient ZXmal site located four
nucleotides after the stop <c¢odon. The ligation of
pituitary c¢DNA digested with Aatll plus XmaI, to the
similarly cut large DNA fragment of pUCl9, resulted in
the integration ¢of hGH cDNAs into recombinant plaémids.
The success of these reactions, and thus of our
preferential cloning strategy, was monitored by Southern’

blotting {12} as shown im Fig.l. Transformation of
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competent Escherichia ¢oli strain RRI with this ligated

matérial, resulted in 18 colonies. Dot blot screening of
plasmid DNA isolated from the bacterial colonies, allowed
us to identify putative hGH <¢DNA in three clones.
Digestion with diagnostic restricticon enzywes and partial
DNA sequencing {data not shown), confirmed the presence
of hGH;22K ¢DNA  ipnserts in two of these clones
(designated as pDRhGH2ZK) aad of the hGH-20K cDNA in the
thizxd clone (designated as pDRhGH20K).

Subcloning and expression of the hGH cDNAs.

We then proceeded to subclone bobh hGH ¢DNAs from thelr
AatII to Xmal sites, 1into the efficient ecukaryotic
expression vector pAVEZ [22]) which already harbors 3' end
untranslated, polyadenylation signal and 3 end
processing sequences from the hGH gene. These cCDNA copies
were not full-length. They lacked the $S' and 3°
untranslated regions, as well as the first six codons of
the signal peptide. To complete koth cDNAs and thus
generate minigenes, we used DNA pieces derived from: i)
the hPL-3 gene (from the cap site to the Pstl site
towards the 3' end of the first exon) and 1ii) the hPL-3J
cbwa from this Pstl site to an AatII site at the
beginning of the second exon {codon -20 of signal-pepti-
de, which 1is 26 aminoacids long). In spite of the
tailoring of these gene pieces, the mature hGH proteiné

derived from these hybrid minigenes are coded entirely by
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the hGH cDNAs. The resulting hybrid plasmids, named
PAVEZhGHZ2K and pAVEZhGH20K, are diagrammed in fig.2.

After transfection of C0S-7 cells with the pAVEZ
darivatives as well as with positive (pAVELhGH) and

negative (pAVEZ2) controls [22], total cellular RNAs were

obtained and analyzed by Northern blot [18]. As shown in

fig. 3; the transiently expressed hPL-hGH hybrid RNAs
were specifically detected by hybridization with the *#p-
labeled hPL cDNA probe.

Cell culture productién of hGH 22K and 20K.

To verify the correct expression of the transfected
novel minigenes, the production ¢f secreted hGH by the
transfected CQOS-7 cells was determined by RIA. Values of
secreted NDCGH-22K averaged 1259 ng per 60 wmm culture dish
of transfected COS-7 <cells, The average value I[for
secreted hGH-20K was 41 ng per the corresponding cultured
dish.

As shown above in the Northern blot experiment, the
hybridization signals given by the RNAs isolated from
cells transfected with either pAVEZhGH22K or pAVEZhGHZOK,
are similar in intensity. This indicates that in our
transfection assays, both minigenes are similarly
efficient in generating mature mRNAS., In other studies
it has been shown for the transiently expressed hGH gene,
that the mRNA expression levels are directly reflected in

hGH protein levels {23}. Thus, one explanation for having



9
such surprisingly low RIA values foxr hGH-20K, could be a
pcor'recugnitiun of this variant by the highly specific
RIA. Similar results were found by Lewis et al. (1978)
who provided evidence that hGH-20K was only one-thixd as
active as the 22K hGH in thelir RIA [6].

To test this hypothesis, we decided to visualize both
hGHs exptessed and secreted into the medium used in the
transfection assays. The proteins synthesized by the
transfected cells were labeled with L—-{*®5] methionine
and those secreted into the culture medium were resolved
by SDS-PAGE., The secreted proteins were then detected by
autgradiography [18]. As it cam be seen in fig, 4, the
cells transfected with PAVELlhGH, which bears the hGH-N
gene expressed hGH~22K abundantly; but, the 20K form
derived from it was expressed at a lower proportian. The
hGH-22K minigene behaved as the hGH-N gene directing the
expression of large amounts of the 22K form of hGH, but
in this case no hGH-20K was observed, as expected. on
the gther hand, the cells transfected with the hGH-20K
minigene expressed the hGH-20K at levels above those
found in cultures transfected with hGH-N gene, but below
those of the hGH~22K produced by either of the ather two
recombinant plasmids, We -'still do not have an
explanation for these differences in expression between
the 22K and 20K hGH minigenes.

Adipogenic activity of the recombinant hGHs.
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Further confirmation of the authenticity of secreted
hGlHs was obtained by evaluating their ability to
specifically Pramote differentiation of 3T3-F442A
preadipocytes cells to adipose cells [2]. Results

obtained studying the blological activities of hGH

variants, indicated that measurement of adipogenic

activitf is a much more sensitive assay for hGH activity
than the measurement of body weight increase ‘[24].
Control 3T3-F442a cell cultures supplemented with
met(hGHibﬂﬂ (25 ng/ml) showed a 100% differentiation.
Those cells supplemenﬁed‘with media samples from cultures
transfected with pAVE2hGHZ2K alsco presented a significant
proportion of differentiated cells (see table I). Qn the
other hand, cultures exposed to medium contajning hGH-20K
secreted by transfected CO0S-7 cells, reached lower levels
cf adipose conversion {(see table I). These results agree
Wwith the hGH-ZZK and hGH-20K protein levels detected by
autoradiography (see above). In addition, they were
similar to those obtained in experiwments using pAVELlhGH
as positlve control (data not shown). The non-adipogenic
medium from cells transfected only with the vector
(PAVE2) did not stimulate this diferentiation process

(table 1).
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Fighre 1. Southern blot analysis to confirm the
preferential cloning of pituitary hGH CDNAs. DNA
samples obtained during the cloning procedure of the hGH

cDNAs were size rfractioned, transferred to nylon membrane

and hybridized with a radiclabeled hPL ¢DNA probe. Lane

CDNAs ; .total pituitary cDNA; Xmal+AatII: total pituitary
cDNA digested with AatIl and XmalI; Cloning: ligation
products of the AatlIl and ZXmal-digested pituitary cDNA
with similarly treated pUCl3 vector; Vector: AatlIl and
Xmal-digested pUCLlY9 (negative control); Contral: hPL cDNA
(posltive control) and M: 1kb Ladder. Left-hand= " 1.4%
agaroée gel stained with ethidium bromide; right-hand=

autoradiography. R
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Figure 2. Construction of pituitarxy growth hormone
expression vectors. The plasuids pDRhGHZ0K in A& and
pORhGH2ZK in B along with an intermediate plasmid ([C)
constructed in ocur laboratory containing a hPL-bGH-hGH

hybrid minigene were used for the construction of pAVEZ2

derivatives vectors. A series of isolated DNA fragments

(F,G,H and I} were assembled in different combinations in

reactions catalyzed by T4 DNA ligase. The pAVEZhGHZOK

(D) was constructed with the fragment F from the coding

sequence of 20K hGH cONA (seventh codon ¢f pre-hormone up
till four nucleotides downstream termination codon) and
the fragments H and I from PpAVEZ2bGH, which lack the
corresponding coding sequence of the hPL-bGH-hGH hybrid
minigene. Like wise, pAVEZhGH2ZK (E) was ,constructed
Using fragment & instead of {ragment F, Restriction
sites with an asterisc are not unique in the maps shown.
Stippled box, hGH cDNAs; open box, bGH cDNA; horizontally
striped box, hPL-3 gene, vertically striped box, hPL-3
¢DNA; inclined striped box, hGH gene 3' end. §izes are

not drawn at scale.
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Figure 3. Northern analysis of hGH mRNA levels in CQOS5-7
cells transfected with various hGH expression vectors.
Ten puq of total RNA from transfected COS5-7 cellis were
electrophoresed in a 1.2% denaturing phosphate-agarose
gel and transferred to nitrocellulose membrane. The
probe was the radiolabeled hPL cDNA. The individual
expression vectors which were transfected are indicated
at the top of the autoradicgraphy. H y L represent lanes
containing total DNA from human pituitary gland and rat
liver, regpectively. Lane labeled C represents total RNA
of mock-transfected cells. For simplicity, we used
PAVEhGHZ22K and pAVEhGH20K instead of pAVEZhGH22K and

PAVEZhGH20K as the names of these recombinant plasmids.
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Figure 4. Detaciion 0of Lhe radiolabelled raecomblnanl
proteins encoded by hGH chimeric plasmids. Ten ug of DNA
ﬁrdm the indicated expression vectors were transfected
inta C0OS-7 cells and the synthesized proteins were
labelled with L*[’SS]ﬁethionine for 4 h. & 200 ug of
protein sample was analyzed by electrophoresis on a 5-13%
discontinuous polyacrylamide (505} gel. Gels were dried
and subjected to autoradiography. The molecular weiqhts
of hGH recombinant proteins are indicated by arrows on

the right.
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Table 1. Stimulation of adipose conversion by recombinant
hGH's secreted by transfected C0S-7 cells.

Plasmids Adipose Conversion *
(%)

None 0.0 + 12.6

PAVE2 , 0.0 + 1.7

"PAVEhGHZ22K 100.0 + 11.5

PAVEhGH20K 66.4 + 4.5

L.

values are average and standard deviations

representing each data from three independent

axperiments,
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