
WO 2006/001027 PCT/IN2004/000182  CHIMERIC HUMAN GROWTH HORMONE DERIVED
FROM THE  PLACENTA AND PITUITARY ISOFORM AND PROCESSES FOR OBTAINING SAID
CHIMERA  TECHNICAL FIELD The present invention primarily relates to a novel
hGH-NV cDNA chimera as  shown in SEQ ID NO: 3 encoding human growth hormone
(hGH) and a process for the  5 preparation of the said novel chimera.
Further the invention relates to the use of hGH NV cDNA chimera to obtain
an expressible construct to produce mature human growth  hormone.
BACKGROUND OF THE INVENTION  DNA isoforin and gene cluster 10 The mammalian
genomic locus for growth hormone (GH, somatotropin) has  expanded very
recently in evolution (possibly 10 million years ago) into a cluster of
five  highly sequence-conserved genes (as in simians and humans). Whereas,
in rodents and  ungulates, the homologous locus contains solely the gene
for the respective  somatotropin, in humans, this locus harbors an
additional four genes (Fiddes et al, 1979; 15 Seeburg, 1982). The structure
of the human growth hormone gene cluster has been  determined over 781cb
region of DNA.The entire gene cluster is located on the long arm  of human
chromosome 17 at bands q22-q24 (George et al., 1981). The DNA sequence of
66,495 bp (contains the sequences of five genes, each consisting of five
exons and four  introns) reported here represents approximately 0.1% of the
entire human chromosome 20 17. It was isolated on two overlapping
recombinant cosmids (Barsh et al., 1983) and has  been characterized by
restriction analysis as well as with respect to the positions and
transcriptional orientations. There are two growth hormone genes
interspersed with three chorionic  somatomammotropin genes, all in the same
transcriptional orientation. These genes  25 cluster (5' to 3': hGH-N,
hCS-L, hCS-A, hGH-V, hCS-B) of growth hormone superfamily show the same
transcriptional direction and are separated by intergenic  regions of 6 to
13 1cb in length which contain 48 interspersed middle repetitive sequence
elements of the Alu type (Chen et al., 1989, Seeburg, 1982). Among these
three of them  are truncated. depicts the gene cluster map of the Growth
hormone superfamily in 30 tandem, which shows genes (5' to 3': hGH-N,
hCS-L, hCS-A, hGH-V, hCS-B) aligned in  the same transcriptional
orientation and are separated by intergenic regions of 6 to 13 kb  



in length, which contain 48 interspersed middle repetitive sequence
elements. The genes  1 WO 2006/001027 PCT/IN2004/000182  for hGH and hCS
are clustered together at band q22-q24 on chromosome 17, but the  prolactin
gene is located on chromosome 6. All five genes, including their immediate
flanking regions, have been sequenced and are conserved throughout
(91-99%). The human chromosomal growth hormone locus spans approximately
66.5 kb and  s was sequenced in its entirety to provide a framework for the
analysis of its biology and  evolution (Chen, et al., 1989; Seeburg, et
al., 1982; Lewis et al., 1980; Hirt et al., 198 7).  hGH-N gene is
transcribed exclusively in the pituitary, whereas the other four genes
(hCS-L, hCS-A, hGH-V, hCS-B) are expressed only in placental tissue, at
levels  characteristic for each gene (Hennen, et al., 1985; Macleod, et
al., 1991; Frankenne, et 10 al., 1990). The extensive structural
information allows a reconstruction of the major steps  in the molecular
evolution of the hGH locus, from a single ancestral growth hormone- like
progenitor gene to the present five-gene arrangement on chromosome 17.
Differential isoform expression Analysis of the sequences of the genes and
identification of at least three different  15 classes of duplication units
interspersed throughout the five gene cluster suggests that the.  cluster
evolved quite recently and that the mechanism of gene duplication involved
homologous but unequal exchange between middle repetitive elements of the
Alu family. These groups of genes are highly homologous throughout their 5'
flanking and  coding sequences, but diverge in their 3' flanking regions
which raises the paradox of  20- how genes so similar in structural and
flanking sequences can be so differentially regulated. Despite the high
sequence identity, these genes are expressed selectively in  two different
tissues under differential hormonal control (Parks et al., 1989). The hGH-N
gene lies in an active chromatin conformation in the pituitary, which is
transcribed only  in somatotrophic cells of the anterior pituitary, whereas
at least one of the chorionic  25 somatomammotropin genes lies in the
placental trophoblasts. The first step in the RNA splicing process is the
selection of the 3' splice site and  its polypyrimidine tract, accompanied
by the association of factor(s) with an intronic  branch point site is
mainly determined by its distance to the 3' splice junction. Thus it  seems
obvious that the choice of the splice site is a key element both in the
general 30 mechanism of splicing and in the special case of alternative
processing. This is in  agreement with the observation that alternative RNA
processing more often involves the  



use of 'an alternative acceptor site (as it occurs with hGH mRNA) than of
an alternative  2 WO 2006/001027 PCT/IN2004/000182  donor site. The cell
type dependent splice variant and it's stability defines the locus of the
transcript. GH/PL gene transcription is controlled in an organ-specific
manner during  human ontogenesis: GH-V, PL-A, PL-B and PL-L genes are
transcriptionally active in  5 the placenta (Seeburg et al, 1982), whereas
after birth pituitary-derived hGH-N becomes the predominant
endocrine-active GH (Selby et al., 1984). In contrast to hGH-N,  placental
hGH-V is synthesized during the first months of human life during pregnancy
in the syncytiotrophoblast, but its functions for growth, development and
metabolism are  not clear (Hennen et al., 1985; Cooke et al., 1988). Among
the gestational polypeptide -10 hormones, hGH-V and placental lactogen
secreted by the placenta, only hGH-V  secretion is modulated by glucose,
suggesting a metabolic key role for this hormone  during pregnancy
(Seeburg, 1982; Patel et al., 1995). The majority of total placental  GH/PL
mRNAs is derived from the PL-A and PL-B genes. (95-99%) and only 1- 4.2%
encode GHN gene products (Chen et al., 1989; MacLeod et al., 1991; Lytras
et al.,  15 1994). Two alternatively processed mRNAs, omitting or including
intron D of the GHN  gene (Untergasser, G. et al., 1998), are expressed by
the syncytiotrophoblast resulting in  either secreted (22K, 191 as) or
presumably membrane-associated (26K, 230 aa) proteins  (Cooke et al.,
1988). Secreted hGH-V alternatively termed placental hGH, a somatagen, 20
is detectable in the serum of pregnant woman and becomes the predominant
serum hGH  by the third trimester of gestation (Hennen et al., 1985; Cooke
et al., 1988). This  information has helped us to take a novel cDNA walk
from one isofonn (hGH-V) to the  other (hGH-N). cDNA sequence similarity
and the restriction enzyme map pattern  between the two were taken as the
platform for. this novel invention. 25 Both the pituitary- and
placental-derived growth hormones are produced in the  form of processed
mature GH protein with or without any secretion signaling sequence,  which
is accumulated in the periplasmic or in the soluble fractions of E. coli,
respectively (Hsiung et al.? 1986; Chang et al., 1987; Martial et al.,
1979; Gray et al.,  1988 and Joly et al., 1998). hGH-V cDNA encodes a
molecular weight of 20,000 Dalton 30 protein (Ucida et al., 1997; Honjo et
al., 1996; Igout et al., 1988 and 1993; Frankenne et  al., 1990) whereas,
the growth hormone is made up of 191 amino acids and has a  



molecular weight of 21,500 Dalton and is used for treatment of pituitary
dwarfism,  pediatric chronic renal failure (Mukhija et al., 1995; Grandi,
1991). hGH has recently  3 WO 2006/001027 PCT/IN2004/000182  been found to
have remarkable activities such as immune promoting activity or lipolysis
stimulating activity, as well as growth promoting activity. Broader
applications are  greatly expected in the future. Alternative splicing of
the primary hGH-N gene transcription product generates  5 two mRNA species
that respectively (DeNoto et al., 1981) encode the hGH (22 kD form)  and a
somatotropin variant (20 IdD form), which has 15 codons deleted from exon
III of  hGH-N gene transcript (Singh et al., 1974; Lewis et al., 1978). No
such alternative  splicing is reported for the hCS gene RNAs. Perfect codon
colinearity exists for all the  rnRNAs, with the exception of the hCS-L
gene mRNA which carries a different exon III  10 structure. All five mRNAs
specify polypeptides of approximately 200 amino acids in  length, of which
the N-terminal 26 residues function as signal sequences. The hGH-V  gene,
which is positioned between the hCS-A and -B genes, encodes a polypeptide
differing from GH in 13 positions compared to hGH-N (Seeburg, 1982), while
hGH 15 differs from hCS in 28 residues. The hCS-L DNA sequence revealed a
point mutation in  the 5' consensus splice donor site of its second intron
(Hirt et al., 1987), suggesting that  splicing might not occur at this
position. Thus, the hCS-L gene may not yield a stable  RNA or protein
product. The hypothetical hCS-L protein is shorter by 18 amino acid
residues than the closely related hCS and contains a stretch of 6 residues
with no' 20 homology to other polypeptides, only 75% sequence identity with
hGH. Spatial  distribution of transcript of these five genes might be
regulated at the level of  transcription, or based on both position as
reflected in the chromatin structure of the hGH  locus, and
sequence-specific regulatory elements around the individual genes could be
responsible for the observed tissue-specific patterns of gene expression.
25 Eukaryotic codon usage vs. differentiation The DNA of genes comprises of
several structurally secluded regions i.e., for  regulatory as well as the
fall-length protein encoding open reading frame. The enzyme  "RNA
polymerases" becomes activated, binds in the control region (called
'promoter'),  slides along the structural gene and transcribes the encoded
information with the help of 30 several other functional accessories, into
a rough draft of spliced pre-messenger  



ribonucleic acid (pre-mRNA) and then into its finally processed messenger
ribonucleic  acid (mRNA). This mRNA message is then translated at the
ribosomes in the form of  triplet codes for each translatable amino acid,
where the translation of a protein begins  4 WO 2006/001027
PCT/IN2004/000182  with the start signal (most commonly ATG) and proceeds
until the stop signal  (commonly TAA, TAG, TGA). As mentioned above, the
genetic code within DNA is defined by amino acids,  which is specified by a
triplet, or "codon" (three adjacent nucleotides from A, T, G, C)  5 where
the third nucleotide for each specific amino acid in any protein can be
varied. In accordance with the genetic code preference of using the third
amino acid for a specific  amino acid varies among prokaryotes and
eukaryotes, which defines the 'degeneracy' of  codon usage among various
organisms ( Table 1). Percentage of codon usage and  frequency of their
occurrence has been clearly shown in Ausubel,F.M.et. al.(1987).Here, 10 we
have shown the variability in usage - of amino acids and their frequency of
occurrence  among organisms in table 1 (Ausubel,F. M. et al.,1987). This
knowledge tremendously  helps in expression of a protein of interest in a
heterologous system in recombinant  technology, where nucleotides can be
changed within the triplets at the DNA level to  improve the yield of any
foreign protein expression. Our analysis of chimeric hGH 15 identification
of those regions of the sequence that could possibly result in poor
heterologous expression. We take advantage of differences in hGH-N sequence
and its  alleles codon usage to come up with a expression clone which can
be of great help~ in  expressing human growth hormone in various organisms
like E. coli, yeast, insect, CHO,  etc. by modifying with appropriate codon
usage. 20 The complete sequence of the human growth hormone (hGH) gene and
the  position of the mature 5' end of the hGH mRNA within the sequence has
been  determined by DeNoto F.M. et al., 1981. Comparison of this sequence
with that of a  cloned hGH cDNA shows that the gene is interrupted by four
intervening sequences. Sl  mapping shows that one of these intervening
sequences has two different 3' splice sites. 25 These alternate splicing
pathways generate hGH peptides of different sizes, which are  found in
normal pituitaries. Comparison of sequences near the 5' end of the hGH mRNA
with a similar region of the alpha subunit of the human glycoprotein
hormones reveals an  unexpected region of homology between these otherwise
unrelated peptide hormones. Mechanisms of alternative RNA splicing are
commonly implicated in the  



30 generation of protein diversity. Splicing at one alternative 31 site
located 45 bp  downstream from the normal 31 site of intervening sequence B
is likely to generate the  mRNA for one smaller hGH peptide found at low
levels in normal pituitaries. The  position of the 5' end of the mature
mRNA was located using S I mapping. S 1 nuclease WO 2006/001027
PCT/IN2004/000182  analysis provides evidence for the existence of multiple
RNAs. hGH gene may be a good  system to approach some unsolved questions
about the accuracy of RNA splicing and the  regulation of splice site
selection in alternative pathways. The signal sequence  TATAAA, thought to
be involved in initiation of transcription, is found approximately 5 25 bp
upstream from the 5' end of the mature mRNA. Conserved sequences are also
found in the gene near the sequence where poly A is added to the mRNA.
Surprisingly,  there is a region of homology in the 5' untranslated regions
of the mRNA's of hGH and  the otherwise unrelated alpha-subunit of the
human glycoprotein hormone. Our work  further aims in bringing the suttle
differences in mRNA secondary structure of chimeric 10 hGH for better
expression. Sononick (1985) has proposed that influence of the RNA
secondary structure exists on the splice sites selection. He has shown that
frequently used  splice sites become optional when sequestered in a hairpin
loop. According to their  observation there is a local secondary structure
in the regions of the alternative- splicing  site of the hGH precursor
mRNA, a large hairpin structure trapping both the 22K and the 15 20K
acceptor sites, and also the branch point sequence of the splice site. The
stable  structure, by looping out the 22K and 201C splice sites and by
interfering with the lariat  formation leading to the specific splice site,
would favour the jump splice at the  alternative acceptor site. In many
introns, the computer searches have shown a well-conserved region  20
between coordinates -60 and -21 from the 3' splicing cleavage site. This
box has an  additional element affecting acceptor splice site recognition
and lariat formation  (Leocomte et al., 1987). S1 mapping analysis of human
pituitary RNA confirms the  existence of at least four distinct hGH mRNAs
originating from alternative acceptor sites  at the second intron of the
primary transcript. Analysis was done on the hGH gene 25 sequence to
explain the high frequency of alternative splicing which occur only at this
location. Out of the four introns of the. hGH gene, three contain a "CTTG"
box in the  region upstream from the acceptor splice site (intron A, B, and
D). However, the  "CTTG" box was not found in intron C and upstream from
the 20K alternative splice  sites. For many introns, it has been reported
that a good complementarities between the 



30 region containing the "CTTG" box and the 5'-end of the first loop of U2
snRNA might  play a role in branch point selection of specifying splice
sites by RNA-RNA base  pairing. Generation of protein diversity in hGH
possibly implicates that it is due to their  6 WO 2006/001027
PCT/IN2004/000182  differences in RNA secondary structure as well as codon
usage have different levels Of  expression in a preferred host.
Construction of chimera and industrial rationale The construction of
recombinant vector to be used in cloning comprises the  5 construction of
hybrid plasmids containing the nucleotide sequence which codes for  mature
protein of interest e.g., mature hGH, fused at its 5' terminal to a
sequence which  codes for a fusion tag peptide sequence and a protease
cleavage site. The hybrid plasmid  thus are made heterologous by making
chimeric DNA construct which has made its  potential application in tab
scale as well as in large scale in recent years. Concept of 10 construction
of chimera with the gene of interest in recombinant technology facilitates
yield of expression as well as the purification steps. Success rates in
both aspects depend  on the choice of the fusion peptide selected.
Immobilized metal ion affinity chromatography (IMAC) is most widely used
technique for purification of recombinant proteins. Engineering of His-tag
on the amino  15 or carboxyl terminal of protein allows selective
absorption of the recombinant protein on immobilized metal ions, such as
Ni+, Co2+, Ze, Cu2+, and Fe. These techniques  provide selective
purification of the target protein (Mukhija et al 1995; Shin et al., 1998;
WO 9115589). Use of basic amino residues comprising of Histidine or Lysine
Or  Arginine allows the invention to be worked effectively. 20 Overall the
selection and application in making the chimeric construct aids the
percentage of product yield in pilot scale as well as in large scale in an
industrial  background. Keeping a protease cleavage site (e.g., thrombin,
factor V, factor Xa, serine  proteases site like enterokinase) right after
the affinity tag (either His-tag or GST-tag) is  commonly used in the
chimera construction where expressed heterologous protein is 25 easily
cleaved off from the tag either on the column or outside the column and the
protein of interest having the sequence of naturally occurring hGH, is
isolated. Choice of  the affinity chromatographic technique helps in
handling any large batch purification for  industrial purpose with fewer
steps in purification and reduces the loss of the final  product of
interest, thus making the whole process cost effective. 



30 History of cloning of hGH Human growth hormone (hGH) is secreted in the
human pituitary. In its mature  form it consists of 191 amino acids, has a
molecular weight of about 21,500 and thus is  more than three times as
large as insulin. Until the advent of recombinant DNA  7 WO 2006/001027
PCT/IN2004/000182  technology, hGH could be obtained only be laborious
extraction from a limited source  i.e., the pituitary glands of human
cadavers. The consequent scarcity of the substance has  limited its
application to treatment of hypopituitary dwarfism even though it has been
proposed to be effective in the treatment of bums, wound healing,
dystrophy, bone 5 knitting, diffuse gastric bleeding and pseudarthrosis. In
fact, available estimates are that  the amount of hGH available from tissue
is adequate only to serve about 50% of the  victims of hypopituitary
dwarfism. Thus, no hGH is available for other applications.  Hence, it is
required to take the advantage of recombinant DNA technology for cloning
of hGH and production specifically in E. coli. The use of E. coli as a
microbial host for 10 complex heterologous polypeptides is now
well-established in micorbial host. First it has  been shown that hGH can
be produced in a recombinant host cell, specifically E. coli in  good
quantities which would be adequate to treat hypopituitary dwarfism and the
other  conditions for which it is effective (for example, U.S. Pat No.
4342,832). hGH expressed  by the process of U.S. 4,342,832 leads to a
product, which can be used for therapeutic 15 applications. Later, various
modifications were done generating vector constructs for  hGH expression in
E. coli (also in Bacillus and Pseudomonas). So far, E. coli generated
recombinant hGH has been well accepted by the patient as it does' not give
any  immunogenic reaction. Since this is not a glycoprotein, E. coli is the
most suitable host  for expressing hGH. 20 Attempts have been made in
making vector constructs with specific regulatory  elements to control the
site of expression & yield of expression in E. coli host system as  well as
at the level of expressed proteins secondary structure formation during
cloning  steps (Tokunaga et al., 1985). There are three ways in which hGH
has been expressed for  example, within the cell as inclusion bodies, in
the periplasmic space or as secretory  25 'protein which is out of the cell
(U.S. Pat No. 4755465). The secretion of 22 kD hGH into the periplasm. of
E. coli has been reported the  secretion of 22 kl) hGH (Gray et al. 1985,
247-254; U.S. Pat No. 5279947). The  periplasm refers to a space between
the inner membrane and the outer membrane of  



gram-negative bacteria including E. coli. In gram-negative bacteria, a
precursor protein 30 containing a signal sequence is necessary for membrane
penetration and upon passing  the inner membrane the secretory signal is
cleaved off. The protein is then processed into  the matured protein by
losing its secretory signal, There are several cloning patents  8 WO
2006/001027 PCT/IN2004/000182  reported so far (list has given below) which
have helped to plan our strategy of hGH  cloning unique to our laboratory.
Recently, it has become possible to produce the human growth hormone
intracellular, extracellularly or in the periplasm by means of recombinant
DNA  5 technology in which a gene of hGH is expressed in a microorganism as
a host (U.S. Pat  No. 5047333, 4755465, 4604359 and 4601980). In situ
post-translational modification with various enzymes for example Factor
Xa, Enterokinase, Renin, or specific chemicals like CNBr, was also another
area which  has been looked upon where the mature hGH is isolated from
either its chimeric protein 10 part or from its extended N-terminal part.
This enables its easy separation and  purification of the total protein by
means of appropriate chromatographic techniques  from rest of the host
protein. The impurity profile of purified hGH may directly depend  on the
choice of in situ post-translational modification. There isn't a prior art
so close to the invention disclosed herein. The teachings of  15 the patent
prior art, which are somewhat relevant, have been summarized below. Here,
in U83853832, the patent claims a method of producing a synthetic human
growth promoting substances and is not related to inventive aspect of the
present  invention. It deals with polypeptide of 188 amino acid whereas
human hGH has 191  amino acids. It teaches the introduction of sulphhydryl
groups, oxidation and talks about 20 their position. Present invention is
related to novel approach of producing hGH by  cloning of cDNA. US5955346
deals with nucleotide sequence encoding variant of  human prolactin. The
only similarity is it deals with protein. US4446235 teaches a method of
obtaining cDNA encoding a desired polypeptide  and involves probing cloned
genomic DNA to obtain the genomic sections and uses COS  25 cell vectors.
Therefore it doesn't teach what is taught by the present invention.
US4665160 claims the sequence of amino acids as are present on hGH-V and
doesn't teach about cloning of cDNA or use of isoform-derived chimera or
novel walk  which is the novelty of the present invention. Present
invention is related to production  



of hGH from hGH-NV. 30 US4670393 claims the replicable clone vehicle
comprising an inserted DNA  sequence and enlists the sequence of amino
acids whereas the present invention is related  to production of hGH by a
novel technique wherein a concept of chimera is exploited for  the first ti
'me. US5849535 claims a variant of hGH and therefore it doesn't teach the
9 WO 2006/001027 PCT/IN2004/000182  present invention. US5597709 also
claims a method for producing the human growth  hormone variants by
recombinant DNA technique from wild-type hGH which mainly  focuses on the
hGH-V but not on the pituitary derived hGH-N unlike the present  invention.
GB2055382A teaches use of pituitary hormonal fragments in synthesis of 5
hGH. It teaches to combine naturally occurring and synthetic portions to
get hGH using  bacterial expression system. It is classically different
from cloning of chimera of two  isomers, which is the present invention. It
talks about cloning vehicle and cloning vectors  which are different.
US5496713 teaches the method to produce hGH in periplasmic space, which  10
amounts to secretory production method. The present invention deals with a
method of  production, which is within the cell, well inside the wall and
therefore is fundamentally  different. US5789199 also teaches a technique
to produce the heterologous polypeptides;  in bacterial periplasm.
US5047333 teaches a method to produce naturally occurring hGH  in Bacillus
cell therefore it is different as in the present invention. The technique
used in 15 the present invention is novel and the host cell used is not
Bacillus and the inventive  concept is different than US047333. US4859600
claims of making a recombinant prokaryotic host cell containing  hGH, the
amino acid sequence of which consists of the amino acid sequence of
naturally  occurring hGH, which is free of other proteins associated with
its native environment 20 and is free of mature hGH having an extraneous
N-terminal methionine, and which was  produced by said recombinant
prokaryotic host. US5618697 teaches a process of  producing hGH where the
construct contains a amino-terminal extension with a  negatively charged
amino acid sequence for easier downstream process. US4601980 mainly talks
about the downstream process to obtain the polypeptide  25 produced and
therefore deals with the aspects of fermentation and purification which is
not the subject of the present invention. US4755465 and several other
patents teach, reveal and describe aspects of  



presence of methionine at N terminus and the advantages thereof and don't
teach the  present invention.US5633352 shows steps involves in the
biosynthesis of hGH from 30 pituitary derived hGH. A variant of a native
human growth hormone with altered binding  properties was shown in
US5688666 by substituting a set of amino acids. 10 WO 2006/001027
PCT[IN2004/000182  US5635604 shows a substantially pure amino-terminal
extended hGH wherein X is a charged amino acid sequence having at least two
amino acids and wherein the N- terminal amino acid of X is a negatively
charged amino acid, other than Lys and Arg.  US6436674/EP0974654 teaches us
about an efficient cloning method in E. coli 5 and Salmonella where human
growth hormone is targeted to the periplasmic space using  a secretory
signal peptide. Preferred method is secretory as per this invention because
isolation and purification is rendered easy due to low level of impure
proteins in  periplasm as stated by the inventor. In EP0587427 a process to
produce 20K hGH is described using a novel neutral  io protease from
Bacillus amyloliquefaciens. The process is secretory where Us hGH is
secreted into the bacterial periplasm. Another patent JP61224988 talks
about a  recombinant plasmid of E. coli for amplification of 20K hGH cDNA.
In contrast  JP61202689 describes an extraction process of growth hormone
from human pituitary  tissue and its subsequent processes. 15 EP0489711
describes the process to produce hGH having amino acid sequences  of
naturally occurring hGH. The process is characterized by the presence of
Met at the  N-terminus of the lst polypeptide produced. Above referred
citations either deal with secretory processes or with methionine
characterized larger polypeptide or use of human pituitary and human
placenta cDNA  20 isoforms for producing hGH. However none of these
documents describe a-technique to use human placenta and pituitary hGH cDNA
isoforms to derive hGH-NV cDNA  chimera, further to obtain an expressible
construct of the chimera derived SEQ ID NO:5  which is linked with a strech
of non -GC rich sequences in duplicate to subsequently  produce 22K hGH
which is identical in amino acid sequence to pituitary hGH, with 25 better
transcript secondary stretch than hGH-N (wild type). The unique construct
and  the better expression of the matured hGH is an inventive step of the
present invention.  OBJECTS OF THE INVENTION An object of the present
invention is to provide a novel hGH-NV cDNA chimera  



as shown in SEQ ID NO: 3 encoding human growth hormone. 30 Another object
of the present invention is to provide a plasmid vector pGEHNV  containing
novel hGH-NV cDNA chimera. Yet another object of the present invention is
to provide recombinant Rcoli cells  containing recombinant plasmid vector.
WO 2006/001027 PCT/IN2004/000182  Still another object of the present
invention provides ae expressible construct of the chimera derived SEQ D)
NO: 5 linked with a stretch of non GC rich sequences in  duplicate. Still
yet another object of the invention is to provide recombinant Rcoll cells
5 containing a plasmid expression vector pABGH2. Another object of the
invention is to provide a process for the preparation of  novel hGH-NV cDNA
chimera. SUMMARY OF THE INVENTION The present invention primarily relates
to the novel hGH-NV cDNA chimera as  10 shown in SEQ D) NO: 3 encoding
human growth hormone derived from two distinct  cDNA isoforms obtained from
pituitary and placenta RNA and the invention also relates  to a process for
obtaining the said novel chimera involving the step of amplification by
reverse transcription using gene specific primers, cloning the amplified
cDNA isoforms  ,digesting the cloned cDNA isoforms at specific restriction
endonuclease site followed 15 by replacing in digested cDNA isoforms hGH-V
fragment specific region by hGH-N  fragment to obtain hGH-NV cDNA chimera.
Further the invention relates to the use of  hGH-NV cDNA chimera to obtain
an expressible construct to produce mature human  growth hormone. BRIEF
DESCRIPTION OF ACCOMAPANYING DRAWINGS 20 The manner in which the objects
and advantages of the invention may be  obtained will appear more fully
from the detailed description and the accompanying  drawings, which are as
follows: FIG. 1 depicts the cDNA sequences of hGH isoform hGH-V and hGH-N'
in  comparison with the hGH-NV chimeric construct. 25 FIG. 2 shows amino
acid comparison of hGH-V (SEQ ID NO: 10), hGH-N (9EQ  D) NO: 11) and hGH-NV
(SEQ 11D NO: 14). FIG. 3 shows a comparison of the folded RNA secondary
structure based on  hGH-N and hGH-NV sequences. The min energy of both
(hGH-N and hGH-NV ORF  



Seq.) although is comparable they greatly differ in their RNA secondary
structure due to  30 their sequence difference. FIG. 4 shows schematic
representation of the restriction enzyme sites of hGH-N  and hGH-V for
producing the chimera hGH-NV. 12 WO 2006/001027 PCT/IN2004/000182  FIG. 5a
schematic representation of the sequence of steps involved in making of
hGH-NV chimera (SEQ H) NO: 3) and cloning to obtain pGEHNV plasmid. FIG. 5b
shows the Flow chart of cloning strategy of chimeric hGH into ara-
inducible vector to construct the plasmid clone pABGHl, 5 FIG. 6
illustrates the steps involved in achieving His-tagged hGH and
subsequently the pure form of hGH from the lysate grown in the fermenter
with a  Western using anti-hGH antibody. FIG. 7 shows the levels of
bioactivity of the recombinant hGH compared to the  commercial Norditropin.
10 FIG. 8 shows the difference in hGH expression level between hGH #1
(pABGHI) and hGH #2 (pABGH2) clones by arabinose-induced expression in
Coomassie Stained Gel. Uninduced clones have taken as controls. Here,
pABGH1' refers Pituitary cDNA derived hGH (Chen et al.,1989, lane 5 & 6)
clone, pABGHl (lane 7 & 8) refers chimeric hGH-NV derived synthetic hGH
clone and  15 pABGH2 (lane 3 & 4) refers the later insert in duplicates.
DETAILED DESCRIPTION OF THE INVENTION  Preferred Embodiments of the
Invention Accordingly, the present invention relates to a novel hGH-NV cDNA
chimera as  shown in SEQ ID NO: 3. 20 An embodiment of the present
invention provides plasmid vector pGEHNV  containing SEQ ID NO: 3. Another
embodiment of the present invention provides a recombinant E. coli cell
containing a plasmid vector pGEHNV comprising SEQ ID NO: 3. An embodiment
of the present invention relates to a process of obtaining novel  25 hGH-NV
cDNA chimera which encodes human Growth Hormone, the said process
comprising steps of a) isolating the total RNA from human placenta and
pituitary, b) amplifying the respective cDNA isoforms, hGH-V from human
placenta RNA  



and hGH-N from pituitary RNA of step (a) by reverse transcription using
gene- 30 specific primers selected from SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID
NO: 8 and  SEQ ED No: 9, c) cloning of the amplified cDNA isoforms hGH-V
and hGH-N of step (b),  13 WO 2006/001027 PCT/IN2004/000182  d) comparing
tile restriction endonuclease map of both the cloned cDNA isoforms  of step
(c) according to their inframe translated ORF sequence, e) digesting the
cloned cDNA isoforms of step (c) at specific restriction  endonuclease
sites, 5 f) replacing in digested cDNA isoforms of step(e) the hGH-V
fragment specific  regions by hGH-N fragment at specific restriction
endonuclease sites (as  mentioned in step e) by ligation to obtain the
desired specific combinations of  hGH-NV cDNA chimera, and g) cloning of
hGH-NV cDNA chimera as shown in SEQ ID NO:3. 10 Another embodiment of the
present invention wherein the portions from the  isoforms are put in
specific combination for developing the cDNA fragment template of  hGH for
better codon usage. Yet another embodiment of the present invention
provides the use of desired  specific combinations of hGH-NV cDNA chimera
are 1-62 bp, 63-587 bp and 588-728  15 bp as shown in SEQ ID NO:3. Still
another embodiment of the present invention provides the use of restriction
endonuclease are selected from BseMI, AatH, EcoNl, Plell BstXI, Ehel,
Smll,and SmaL  Still yet another embodiment of the present invention
generates matured hGH  cDNA as shown in SEQ ID NO: 5 from novel hGH-NV cDNA
chimera 20 An embodiment of the present invention provides SEQ ID NO: 5
generated by  cDNA amplification using gene-specific primers. Another
embodiment of the present invention the use of gene specific 'primers
selected from SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ IOD NO: 20,
SEQ  ED NO: 21 and SEQ ED NO: 22. 25 Yet another embodiment of the present
invention provides an expressible  construct of the chimera-denived SEQ DD
NO: 5 is linked with a stretch of nofi-GC rich  sequences. Still another
embodiment of the present invention wherein the sequence of  



chimera-derived SEQ ID NO: 5 linked with a stretch of non-GC rich sequences
is  30 duplicated.  Still yet another embodiment of the present invention
provides a plasmid  expression vector pABGH2 containing chimera derived
mature cDNA sequence as  shown in SEQ D) NO: 5 14 WO 2006/001027
PCT/IN2004/000182  Still another embodiment of the present invention
provides a recombinant E.Coli cell containing the plasmid pABGH2 for the
production of the mature human growth  hormone. SIGNIFICANCE OF THE CLONING
METHODS AND DIFFICULTY:  5 A. Placental tnRNA and availability of tissue
Surprisingly, we have found that the gene for hGH (i.e., a gene coding for
the 191  amino acids of the mature protein and the 26 amino acids of its
signal peptide), which is  expressed all-along to give pre-hGH in
gram-negative bacteria, is similar in length to  pre-hGH of the placental
counterpart. 10 The growth hormone is synthesized in the form of a
precursor, which is then  produced in the anterior lobe of the hypophysis
throughout the life of an individual, and  in greater quantities during the
pre-adult period and once processed is secreted from the  cell. Until a few
years ago, the only source of the hormone was the hypophyses of  15 corpses
from which it was extracted at low yields by a complex and expensive
method.  Hence, our present invention is essentially very helpful where
placental mRNA as well as pituitary mRNA is the starting point of the
cloning process of hGH-N analog  hGH-NV. Five of hGH-V cl)NAs represent
mRNAs spliced and processed in a pattern  analogous to that of the highly
homologous human growth hormone and human 20 chorionic somatomammotropin
gene transcripts (Cooke et al., 1988). Moreover, stability  of the
placental mRNA during isolation also should be accounted. The cloning
process  gives a certain degree of freedom in shopping for codon usage in
the final construct. The  portion of hGH-V in hGH-NV was aimed to give
better mRNA secondary structure than  hGH-N (Figure 3). 25 B. Cloning of
placental cDNA constructs For the first time we have attempted cloning of
hGH-N analog isoform via  cloning of hGH-V cDNA, despite the fact that
these genes are expressed selectively in  



two different tissues under differential hormonal control (Parks et al.,
1989). The hGH-N  gene is transcribed only in somatotrophic cells of the
anterior pituitary and the hCS-A 30 and -B genes only in placental
trophoblasts. Alternative splicing of the primary hGH-N  gene transcription
product (DeNoto et al., 1981) generates two mRNA species that  respectively
encode the human GH (22K form) and a somatotropin variant (20K form),
which has amino acid residues deleted from hGH (Singh et al., 1974). 15 WO
2006/001027 PCT/IN2004/000182  C. Basic homology Our present invention is
primarily based upon the existence of variants of human  growth hormone in
the same chromosome locus, in particular, a representative gene  coding for
a hGH variant protein and containing 4-5 intervening genes. We have taken a
5 unique choice to clone cDNA through cloning of hGH isoforms e.g., hGH-V,
hCS. Use of isoform of mRNA as the starting material for cloning and
relevant  enzymatic match site for getting pure form and suitable
manipulation of ORF for high  yield. I Strategy to shuffle between two
isoforms' full length cDNA for cloning and  lo introducing a change in
specific amino acids' wobble sequence in the target cDNA, is the  novelty
of this invention. A recombinant method of cloning tandem cassettes of the
encoding region in  expressible plasmid for high yield purified product
(U.S. Pat Nos. 5955323; 5279947;  4859765) also has been reported. 15
Construction of a synthetic cDNA The objective was to have the full-length
chimera (from all possible combination  of choice of chimera of hGH-NV
(hGH-N analog from hGH-V isoform, Figure 5) with  its 26 aa signal sequence
into a better promoter-controlled E. coli expressible system.  This clone
was used as a template to switch from the fall length chimeric ORF to
mature 20 ORF of its synthetic form with a unique change in the wobble
sequence of two amino  acids with an authentic restriction enzyme site
introduced. In bacteria, inducible promoter-ribosome binding site (rbs)
expression elements  are generally utilized for high level heterologous
gene expression. Plasmids carrying the  said promoter-rbs expression
elements and encoding genetic information for direct high 25 level
expression of heterologous proteins, the ORF of the gene of interest can be
constructed under the control of these above-mentioned regulatory elements.
Moreover,  



expression vector system is also including affinity tags and a specific
cleavage site  immediately after the mature cDNA sequence to provide a
desirable and easier  purification system of the bacterially produced
heterologous proteins by said  30 recombinant microorganisms. The
expression of the cDNA insert is, under control of an inducible ara C
promoter, starting with ATG codon of vector's Ncol site & cleavage of the
fusion protein  with Enterokinase specific cleavage site (Fig. 5a, 5b). The
recombinant plasmid was  16 WO 2006/001027 PCT/IN2004/000182  used to
transform E. coli TOP10 and selected as ampicillin resistant colonies.
Induction  of the protein was done by addition of L-arabinose in the medium
at the log phase of  bacterial growth and continued for 6 hrs. The
detectable fusion protein was cleaved at the  specific enzyme cleavage site
and showed the correct molecular wt. size with the natural 5 biological
activity. DNA encoding human somatostatin, preproinsulin, proinsulin,
insulin  A chain, insulin B chain or bovine or human growth hormone, LH,
ACTH, and  pancreatic polypeptide a majority of codons preferred by
microbial genome was inserted  into a plasmid for expression in a
microorganism. Isolation of human placental mRNA 10 Total RNA was isolated
from human placenta using by guanidium thiocyanate  method by standard
procedure (Ausuble et al., 1987). Poly W) RNA was purified by  affinity
chromatography on Oligo (dT) cellulose. The mRNA was separated by oligo
(dT) cellulose affinity chromatography from the total RNA, which was
homogenized as  described by Promega Total RNA Isolation Systems' protocol
(Cat. # Z51110). This 15 resulting mRNA was then used for
generating1st-strand by using a standardized method  with the help of AMV
transcriptase. Non-specific interactions between strands were  reduced
using RNase H and RNase A, followed by purification of the 1st-strand DNA
(20  ng/gl) using phenol/chlorofom/isoamyl alcohol and 70% ethanol wash.
Total RNA was isolated from human placenta by using "RNAgents for Total  20
RNA Isolation Systems" (Promega, Cat. # Z51110). Approximately 2 gms of
tissues  were processed each time. Total RNA pellet was resuspended in 1 ml
nuclease-free water  and stored at -70 OC, Total RNA concentration was
around to 4 gg/gl, Polyadenylated  RNA was pooled with the help of oligo
(dT)S.12 and oligo (dT)IO beads from total RNA.  lgg of total RNA was used
for each reaction. Polyadenylated RNA was reverse 25 transcribed into
single-stranded l't-strand complementary DNA using AMV reverse  



transcriptase at 42 *C for 1 hr. Optimum concentration of I't-strand cDNA
was in the  range of 20 ng/ gl. Synthesis and cloning of cDNA Oligo
(dT)12-18 beads were used to purify and select the stable poly (A) RNA  30
(messenger RNA) which was used to prime for reverse transcription to
generate lst- strand cDNA following standard RT-PCR technique (Figure 1, 2,
5a). 17 WO 2006/001027 PCT/IN2004/000182  Reverse transcrIption and
P-strand synthesis: For the transcription reaction set up 1.0 ug RNA/ mRNA,
0.5 ug; Primer (oligo  dT), nuclease free water and heat at 700C for 5 min
then chill on ice for 5 min. Microfuge  for 5 secs to settle materials.
Then add serially: nuclease free water, RT buffer (5X) 5 dNTP mix (12.5 W
Ribonuclease inhibitor (1:2 dilution of 40 U/ul) and Sodium  Pyrophosphate
(40 mM, 4MM Final conc.), mix gently and then prewarm the mix at  420C for
2min, then AMV Reverse Transcriptase (RT) (IOU/ul). Mix well gently, - and
then leave at 420C/ 1.0 hr (RT reaction) and then heat at 750C for 10 min
(inactivation of  RT). Add 1.0 Units RNase A/tube and incubate at 250C for
30 min. then added 0.5 units  10 of RNase H to each reaction tube and
incubate 30 min at 37 'C. Next, to clean up the l't strand cDNA add
Tris-0/1.0 mM EDTA( pH 5- 7.5).Then add buffered phenol (pH
5-8..0)-Chloroform-lsoamyl alcohol, vortex and spin  -14,000 rpm in the
microfuge centrifuge. Transfer aqueous phase to a fresh tube and add  3M
Sodium Acetate (pH 3-7), mix well. Then add chilled 100% EtOH and leave at
-700C 15 followed by spining at -14,000 rpm for 5 min. Wash pellet with
EtOH by spinning at  14,000 rpm for 5 min at 40C. Then resuspend in
nuclease free water. Standard PCR amplification was done using Taq
polymerase to make double- stranded cDNA prior to clone the gene of
interest into an appropriate vector of choice.  Here, mix all the
ingredients e.g. buffers, primers, l't-strand cDNA, 2mM dNTP, enzyme 20 and
heat at 940C I min in the thermal cycler for denaturation. Anneal at 2-4 'C
below the  Tin of the primers and then extension at 72 OC. Go through total
of 45 cycles for  amplification. Then run the PCR reaction on 0.8% - 2 %
agarose get as required. Double-stranded cDNAs are synthesized by following
standard PCR  amplification technique by using Taq polymerase. This
fragment of interest was then  25 directly cloned into a pUC-18-based
TA-cloning vector. A bacterial strain JM109 was  selected for generating
transformants for further work. 



Clonige Technique Cloning and construction of the PCR Taq polymerase
amplified double stranded  fragment with adenine on both sides went
directly into a TA-cloning vector (Figure 2, 5).  30 Polyadenylated mRNA
for hGH-V was prepared from placental and pituitary tissues, Total of 100
ng of I't-strand cDNA was prepared from 5 ~Lg of this total RNA. 20 ng of
l't-strand was used as the template for annealing gene-specific primers,
namely, Primer  A (SEQ ID NO: 6); Primer B (SEQ ID NO: 7); Primer C (SEQ ID
NO: 8); Primer D WO 2006/001027 PCT/IN2004/000182  (SEQ H) NO: 9) to
amplify 694 bp (SEQ ID NO: 1) hGH-V fragments and 723 bp (SEQ  ID NO: 2)
hGH-N fragments. These double-stranded fragments with A-tailed at both. 5'-
and T-ends were directly cloned into a pUC- 18-based cloning vector in
presence of E.  coli T4 DNA ligase to obtain pGEHV and pGEHN construct.
These clones further were 5 checked separately by double digesting with
Ncol/Notr Ncol/Pstl. Further, restriction  enzyme map analyses were done
using Ncol/Rsal, BstH, EcoRI/SMII, Smal, EcoRI/BgIII,  Hgal, which has
determined the fidelity of the cDNA PCR fragment. Walking from a hGH-V
plasmid construct to a hGH-Nplasynid construct and making  a possible
template chimeric cDNA construct 10 In making hGH-chimeric construct, hGH-V
(SEQ ID NO: 1) and hGH-N (SEQ  IID NO: 2) were cloned separately from
placenta and fetal pituitary, respectively, into a  cloning vector. This
was followed by replacement of hGH-V fragment's specific regions  by E.
coli-able hGH-N using several restriction enzymes to give synthetic hGH-NV
(SEQ D) NO: 3) (Figure 1, 4,5a). 15 A thorough restriction analysis of both
cDNAs was done using the unique  restriction enzymes. Restriction enzyme
map of both the clones was compared (Fig 4)  and analyzed to select a
unique strategy to replace hGH-V with hGH-N at certain regions  using
restriction enzyme digestion. NcoI, NotI, AatH and SmH were the enzymes
used to  make the hGH-NV chimera in making the chimera of hGH NV there are
no primers or 20 PCR amplification was done to avoid mutations. Only
restriction enzyme digestion was  done on both hGH-N and hGH-V fragment to
shuffle the AatH and SmII hGH-V 525 bp  cDNA fragment portion with hGH-N
cDNA.The final construct of hGH-NV chimera of  728 bp (SEQ ID NO:3) was
made in pUC-18 based vector within Ncol/Notl enzyme  sites. 25 Cloning of
hGH-N in the modified form using hGH-V cDNA was for better E.  coli
expression. For that purpose, hGH-V (SEQ D) NO: 1) fi~om placenta and hGH-N



(SEQ ID NO: 2) from fetal pituitary were previously cloned into the pUC-18
TA-cloning  vectors and then using the chimera (SEQ ID NO: 3) as template,
hGH-NV mature cDNA  was subcloned into arabinose inducible E. coli
expression vector immediately after the  3o Enterokinase cleavage site
(Fig. Sa, b). Cloning of hGH-NV mature fragment (591 bp, SEQ ID NO: 4) into
pBAD-HisA  expression vector was done by PCR amplification on the mature
peptide portion of hGH- NV chimera (728bp, SEQ ID NO: 3) excluding the 26
amino acid sequences by gene  19 WO 2006/001027 PCT/IN2004/000182  specific
primer which gives the expected PCR product of 591bp (SEQ ED NO: 4). For
amplification of 591 bp mature hGH-NV fragment, Primer E (SEQ D) NO: 12)
and  Primer F (SEQ D) NO: 13) was used for PCR amplification. Gene-specific
primer pairs  (Primers E & F) are shown in Figure 5 for amplification of
591 bp mature hGH-NV 5 fragment, Primer E (SEQ ED NQ: 12) and Primer F (SEQ
ID NO: 13).The vector portion  was amplified from plasmid (pBAD/His A,
Invitrogen) to give rise to a 357 bp fragment  by the primer pair, primer Q
(SEQ ID NO: 15) and primer R (SEQ ID NO: 16). The advantage of having the
difference in amino acids (total- 13) in hGH-V from  hGH-N has taken into
consideration where the changes are done on hGH-V clone in such  10 a way
so that those amino acids are replaced with the hGH-NV cDNA stretch.
Consequently, these changes also made a E. coli-able modified hGH cDNA
product  keeping its expression efficiency in mind. The selection of hGH-NV
fragments is based  on codon usage and RNA secondary structure rationale.
In the final hGH-NV chimeric  construct (728 bp, SEQ ID NO:3), the first 8
amino acids out of 26 amino acids signal 15 peptide are from hGH-V cDNA, in
the 3rd amino acid, alanine differs from hGH-N Yd  amino acid . From 9-192
amino acids are borrowed from hGH-N cDNA and 193-218  amino acids are again
borrowed from hGH-V cDNA  Here, we had taken the previous pGEHV containing
SEQ ID NO: 1 and pGEHN  containing SEQ ED NO: 2 fall-length cDNA clones and
digested separately with unique  2o restriction enzymes to replace the
hGH-V fragments specific regions with E. coli-able hGH-N portions. Then the
final hGH-NV chimera was cloned back into pUC-18 based  TA-cloning vector
in between NcollNotl restriction enzymes site, pGBHNV. Restriction
analysis was done to confirm the ligated hGH-NV chimera within pUC-based
TA- cloning vector. 25 For farther modifications, hGH-NV chimeric construct
(pGEHNV) was used as  



the template for generation of cDNA with modified wobble sequence for
similar amino  acids and addition of a unique RE site (BsrG]) but keeping
the rest of the sequence  similar to the pituitary form of hGH (pABGHl).
Finally, the mature hGH ORF of the  modified form (a unique restriction
site, BsrGI has been introduced) was cloned into 30 arabinose inducible E.
coh expression vector just after EK cleavage site, the length of  which was
about 579 bp, (SEQ ID NO:5) hGH Clone #1(pABGHI) (Fig. 5b) using  Primer E
(SEQ ID NO: 12) and Primer F (SEQ ID NO:13). For comparison with the
original pituitary cDNA expression, PCR product amplified using total RNA
from fetal  20 WO 2006/001027 PCT/IN2004/000182  pituitary and cloned into
ara-inducible vector immediately after EK cleavage site which  has shown
poor protein expression level of hGH compared to 579 bp synthetic one (SEQ
ID NO:5, Fig 8). This cDNA sequence derived from hGH-NV chimera was taken
the  choice of codon usage according to the degeneracy is maintained in E.
coli for increasing 5 the expression efficiency. As an effect we have seen
the level of hGH expression in both  the clones, even though the difference
is not much (Fig 8),e.g., going from hGH-V (SEQ  D) NO: 1) to hGH-N (SEQ ID
NO:2) to finally hGH-NV chimera (SEQ ID NO: 3) has  introduced few
E.coli-able codons and the restriction site (BsrG]) introduction has
changed the 3d codon of the amino acid as well (SEQ ID NO: 5) using Primers
J-0 of  10 SEQ ID NO: 17-22 during cloning steps (Fig. 5b). Details of
Making of the hGH-NV chimeric construct Original tissue source for total
RNA extraction was taken from human fetal  pituitary tissue for hGH-N and
human placenta for hGH-V cDNA synthesis. Expected  RT-PCR amplified cDNA
products of hGH-N (723 bp, SEQ ID NO: 2) and hGH-V (694 15 bp,SEQ D) NO: 1)
cDNAs were TA-ligated in pUC-18 based vector (Fig. 5a). A  thorough
restriction analysis of both cDNAs was done using the unique restriction
enzymes (Fig. 4). Step I. In making of hGH-NV chimeric cDNA form, pUC-18
based clones of  hGH-V(#6 and #25) are double digested with Xcol/Notl which
are the unique sites of  20 pUC-18 based vector and absent within hGH-V 694
bp fragment (SEQ ID NO:1). Ncol/Notl digested 720 bp fragment (identify on
SEQ ID NO: 3) was gel-purified to  isolate the 5' (55 bp) and Y-ends (139
bp). The NcollNotl digested open pUC-18 based  vectors (pGEHNV, 2941 bp)
are also purified for future cloning (Figure 5a, b). Step 11. NcollNotl
double digested 720 bp gel-purified fragment is digested  



25 again with A&HISYnIl to isolate 55 bp of 5'-end and 139 bp of 3'-end
fragments from  middle 525 bp AatLI1SinII fragment. This 525 bp hGH-V cDNA
fragment was replaced  with AwIlIffin1l 525 bp hGH-N fragment by which 13
amino acids difference in human  placental hGH-V from human pituitary
isolated hGH-N was changed. HGH-V differs  with hGH-N signal sequence in
two amino acids (at the 3d and 19th) out of the 26 amino 30 acids, whereas
in hGH-NV signal sequence the Yd amino acid matches with hGH-V but  the 1
9'h one matches with hGH-N. Out of 165 amino acids 140 amino acids of
hGH-NV  including mature peptide is matching with hGH-N sequence where
hGH-N differs with  hGH-V mostly. The last 25 amino acids again are
matching with hGH-V sequence. 21 WO 2006/001027 PCT/IN2004/000182  At this
step, a ligation reaction was done at 4*C for overnight to ligate the 55 bp
and 139  bp fragments at their corresponding restriction sites (Fig. 4).
with sticky ends with the  help of T4 DNA ligase. A comparative restriction
enzyme map of both the clones selected a unique  5 strategy to replace
hGH-V with hGH-NV at certain regions using restriction enzyme  digestion
(Ncol, NotI, Aaff and SmU) shows a full-length of 728 bp of ligated hGH-NV
cDNA fragment (SEQ ID NO:3). PCR amplification of the mature peptide
portion of hGH-NV cDNA by gene- specific primer pairs given the expected
PCR product of 591bp (SEQ ID NO: 4, Fig. 5b).  lo Gene-specific primer
pairs (Primers E & F) are shown in Figure 5 for amplification of 591 bp
mature hGH-NV fragment, Primer E (SEQ ID NO: 12) and Primer F (SEQ ED  NO:
13). The vector portion was amplified from plasmid (PBAD-HisA) to give rise
to a  357 bp fragment by the primer pair, primer Q (SEQ ID NO: 15) and
primer R (SEQ ID  NO: 16), Primer E was selected in such a manner so that
out of the first amino aci~ 15 (TTC), Phenylalanine, the start of mature
hGH TC (Primer E at 119 in SEQ ID NO: 3),  was selected as first
nucleotides. Primer F was selected at 681-694 in SEQ ID NO: 3  where the
rest of the nucleotides were selected based on the ara-inducible vector
which  included Xhol restriction site for cloning. 591 bp sequence is shown
below, where the  position of the primers are defined within the box: 20
~~CAACCATTCCCTTATCCAGG GAC CGCTATGCTCCGCGCCCATCGTCTGCACC
AGCTGGCCTTTGACACCTACCAriGAGTTTGAAGAAGCCTATATCCCAAAGGAACAGAAGTAT  TCATrCCT 



GCAGAACCCCCAGACCTCCCTCTOTTTCTCAGAOTCTATTCCGACACCCTCCAACAGGGAGGA  25
AACACAACAGAAATCCAACCTAGAGCTOCTCCOCATCrCCCTGCTOCTCATCCAOTCGTGGCT  GGAGCC
CGTOCAGTTCCTCAGGAGTGTCTTCGCCAACAGCCTGGTGTACGOCOCCTCTGAC
AGCAACOTCTATGACCTCCTAAAGGACCTAGAGGAAGGCATCCAAACGCTGATGGGGAGGCT
OGAAGATGGCAGCCCCCGGACTGGOCAGATCTTCAAGCAGACCTACAGCAAGTTCOACACAA  30 ACTCA
CACAACGATOACOCACrACTCAAGAACTACGGGCTGCTCTACTGCTTCAGGAAGOACATGGA
CAAGGTCGAGACAT'TCCTGCGCATCOTGCAGTGCCGCTCTGTGGAGGGCA~~  NMI 35 22 WO
2006/001027 PCT/IN2004/000182  Restriction enzyme digestions of the hGH-NV
mature clone of PBAD/HisA with Ncol/Eco241, Nhel/Ehel, Nicol/Xhol,
BshTI/XhoI/BstXI, BshTl/XhoI, Ncol/EcoRl, have  given also the correct
fragment sizes. Further analysis with NcoIlBshI236I, NcollPlel'  NcoilPstl
NcoflBst.U, NcoflEhel, Ncollftlll, NcollEco57I, PlellXhol, NcOVPAVEhel, 5
Bsh123611BgIIIonthe clone and on the NcollEcoRl digested gel-purified
fragment.  Making A Unique Construct of Arabinose-inducible hGH Clone For
optimization of hGH protein expression in B. coli a multimerization of the
whole cassette containing promoter-insert-terminator sequence is tried to
clone in the  10 similar expression vector. To achieve this modification,
hGH Clone #1, pABGH1 (hGH NV derived synthetic single hGH insert, Fig. 5a)
which has shown 5% of total E. coli  expression, was taken as the template
plasmid. hGH Clone #1 (pABGHl) is digested with BshTIlEcoRI (unique sites
at 74 and  977, respectively) and purify both the digested fragments, 3717
bp (FRAGMENT 1)  15 and 903 bp (FRAGMENT 2) separately. Digest pABGH1 DNA
with Accl (sites at 350, 1447, 3412) and EcoRI (site at 977), which gives
rise to 627bp, 470bp, 1558bp and  1965bp. Then purify the 470 bp fragment
(FRAGMENT 3). Set up another digestion of  pABGHI DNA with Acel (sites are
mentioned above) and BshTI (site at 74), that gives  rise to 276bp, 1097bp,
1282bp and 1965bp. Then purify the 1282bp fragment 20 (FRAGMENT 4). All the
ligation reactions were incubated at room temperature for lhr  then at 4*C
for overnight. Ligate FRAGMENT 2 and FRAGMENT 3 to get 1373bp (FRAGMENT 5).



Then ligate the FRAGMENT 5 with FRAGMENT 1 to get 5090bp (FRAGMENT 6).
Then ligate FRAGMENT 4 and FRAGMENT 2 separately to achieve 2185bp 25
(FRAGMENT 7). Finally, ligate FRAGMENT 6 and 7, which would give the.
completion of the modification of hGH clone #1(pABGHI, 4620 bp) to hGH
clone #2  (pABGH2, 7275 bp). Positive clones were analyzed by DNA
extraction and restriction  enzyme analysis with the unique sites e.g.,
Pvul to get the linearized pABGH2 of 7275  bp fragment as well as the
duplicate restriction sites eg., EcoPJ, BshTI. The exact length 30 of the
insert was 2655 bp which was duplicated and inserted. as tandem cassettes
in the  ara-inducible expression vector immediately after the EK cleavage
site. For further  confirmation of the cassette, analysis was done by
sequencing on the two fragments,  2655 bp and 4620 bp, after Ncol or BshTI
digestion. This attempt in making of pABGH2  23 WO 2006/001027
PCT[IN2004/000182  clone immediately reflected on the level of hGH
expression by almost two fold increase  (Fig. 8). An attempt has been taken
to increase the number of cassettes in the ara-inducible  vector for even
higher leve 1 of hGH expression. After making pABGH2 construct,  5 addition
of an extra cassette couldn't make the plasmid as a stable one. After two
passages of the same culture, pABGH3, third insert casssette was lost which
was  sequenced and confirmed. pABGH2 was only the stable plasmid which even
after two  years and has been shown the stability also in the fermentor
grown culture. Purification of the mature hGH from fermenter grown cell
culture 10 Induced cell culture from the fermenter was used as the source
of lysate material  where recombinant hGH was obtained along with soluble
E. coli proteins. Purification of recombinant hGH (from pABGH1 and pABGH2
expression  clone) was achieved through several unique steps of which was
shown here by a  corresponding Western Blot in Figure 6 and 8. The purified
hGH was tested for 15 biological activity, which had shown high efficacy
compared to the commercial  Norditropin standard from Novagen (Figure 7).
Bioactivity of Growth Hormone: Purified hGH Was tested to check its
bioactivity along with the commercial hGH  (Norditropin, from Novagen). GH
bioactivity is the target tissue response equivalent to  20 that induced by
a known standard with the assumption that stimulatory or inhibitory
principles are the same in the serum as the comparison standard. It is
known for quite  



sometime that lymphoma cells respond specifically to lactogenic hormones,
including  human Growth Hormone (hGH) which is known for it's lactogenic
activity. The method  used for hGH bioassay was according to Tanaka's
method (Tanaka et al. 1980, Ealey et 25 al. 1995) with small modification.
Nb-2, rat lyniphoma cell line obtained as gift, was  used for checking the
biological activity of hGH. The Nb-2 cells have been routinely  maintained
in RPMI containing 10 % Fetal Bovine Serum (FBS) and 10% Horse Serum  (HS).
Twenty-four hours prior to bioassay, cells were maintained in quiescent
medium,  RPMI 1640 containing 1% FBS and 10 % Horse serum. At the time of
assay, cells were 30 washed and counted and the cell density was adjusted
to 1 x 105 cells/mI using the  plating medium, RPMI + 10% Horse serum. The
plating cell density was 1 x W cells  /ml / well for 24 well plate.
Different concentrations of standard and hGH produced as  per the novel
process of the present invention were added to cells and incubated in,
370C,  24 WO 2006/001027 PCT/IN2004/000182  5% C02 incubator for 24, 48 and
72 hours. The cells were counted after every 24, 48 and  72 hours using
hemocytometer. It was quite evident from the table 2 and histogram (Figure
8) that there was dose  dependent increase in cell number as function of
time. The maximum cellular  5 proliferation was obtained after 72 hours.
The bioactivity of growth hormone produced as per novel process of the
present invention was comparable with reference standard of  growth hormone
standard and was reproducible. The data in table 2 is a representation of
at least 4 experiments. The following examples are provided for
illustration only and should not be  io construed to limit the scope of the
present invention. EXAMPLE 1  Cloning through mutagenesis into the cDNA of
interest Introduction of unique restriction enzyme site(s) or change at the
codon level in  15 the ORF region was done during synthesis of
gene-specific primer(s). For example, this  modification, mutation per se,
on the cDNA was introduced on the human growth  hormone using hGH-V and
hGH-N published cDNA sequence as template. Sequence of  the hGH-V cDNA is
shown down below as an example where highlighted boxed regions  are
defining the site of upper (Primer A, SEQ ID NO: 6) and lower PCR primers
(Primer 20 B, SEQ ID NO: 7) selection site for PCR amplification of 694bp
hGH-V fragment(SEQ  ID NO: 1). Here, the position of the primer pair is
shown to amplify 694 bp hGH-V  



fragment (SEQ ID NO: 1) from placental 1"-strand. 'Starting of ATG and the
termination codon, TAG, are highlighted in different color within the same
sequence  region. 25 Y- AGGATCCCAAGOCCCAACTCCCCGAACCACTCAGGGTC~~~~
WTGr~CTGCAGGCTCCCGGACGTCCCTGCTCCTGGC=GGCCTGCTCTGCCTGTCCTGGCTT
CAAGAGGGCAGTGCCTTCCCAACCATTCCCTTATCCAGGCr=GACAACGCTATGCTCCGC
GCCCOTCOCCTGTACCAGCTGGCATATOACACCTATCAGGAGTTTGAAGAAGCCTATATCCTG 30 AA
GOAGCAGAAGTATTCATTCCTOCAGAACCCCCAGACCTCCCTCrGCTrCTCAGAGTCTATT
CCAACACMCCAACAGGGTOAAAACOCAGCAGAAATCTAACCTAGAGCTOCTCCGCATCTC  C
CTGCTOCTCATCCAGTCATGGCTGGAGCCCGTGCAGCTCCTCAGGAGCGTCTTCGCCAACAGC
CTGGTGTATGGCGCCTCGGACAGCAACGTCTATCGCCACCTGAAGGACCTAGAGOAAGGCAT  35
CCAAACGCTGATGTGGAGOCTGGAAGATGGCAGCCCCCGGACTGGGCAGATCTrCAATCAGT  25 WO
2006/001027 PCT/IN2004/000182
CCTACAGCAAGTTTGACACAAAATCGCACAACGATOACGCACTGCTCAAGAACTACOGGCrG
CTCTACTGCTTCAGGAAGGACATGGACAAGGTCGAGACATTCCTGCGCATCGTGCAOTGCCO
CTCTGTGGAGGGCAG~~~~~CcrGTGACCCCTCCCCAGT
GCCTCTCCTGGTCGTGGAAGGTGCTACTCCAGTGCCCACCAGCCTTGTCCTAATAAAATrAAG  5
TTGCATCATTT -3' Expected product length 694bp (SEQ ID NO: 1). During PCR
amplification, introduction of restriction enzymes sites within the
appropriate site at the 5'- and 3'-end of the cDNA was possible. These
changes were  utilized for cloning into a specific expression vector
finther. These mutations within the io full-length cDNA, which has not
affected the coding region e.g., putative hGH-V cDNA  was amplified among
others using the gene-specific primer pairs (Primers C&D; SEQ ID  NOs: 8 &
9, Table3). Primers for hGH-V Amplification: Primer Sequence (51 4 31)
Features Length Tm Nucleotide position on  the wild type sequence  ( hen,
et al. 1989) 4CTGTGGACAGCTCAGGTACCGGCA With KpnI site 28 mer 60.7 oC 39-66
ATGG (Primer C) SEQ ID NO 8 



40ATGOGATCCGAGCAGCTAGAAG With BaInHI 29 mer 60.7 *C 571-600  CCACAG (Primer
D) SEQ ID NO: 9 site 15 EXAMPLE 2  Validation of the putative clones by
restriction enzyme analysis of a locus A DNA fragment of about 723 bp
(hGH-NSEQ ID NO:2) or 694 bp (hGH- 20 V,SEQ ID NO:I) was obtained by double
digesting pUC-18 based clones withrestriction  endonucleases Sall and Xhol
at 20 jd total reaction set up. The reaction sample was run  on 1 % agarose
gel to purify the band of interest by using MBI, Gel Extraction Kit, Cat. #
K0513. The resulted 2-3 ~d purified fragment then analysed for its
restriction  endonuclease map by digesting with six to seven unique cutters
either in combination or 25 as single (enzyme cone. was usually 1OU/ ~fl),
e.g. NcollNotl, KpnIlBamHl, BsrDl/Spel,  BgIII1Ba;nHI, NcollHgal, NcollRsal
and EcoRI1BgIII. Approximate fragment size was  estimated from these
restriction endonucleases enzyme digestion before analysis on  agarose gel
after running digested samples. Restriction endonuclease enzyme digestions
also were checked to ascertain about the validity of the bacterial clones
containing the 30 insert of our interest. Here, the restriction
endonuclease enzyme digestions were selected  in such so that the distance
of the insert from the vector enzyme sites is mapped and the  26 WO
2006/001027 PCT/IN2004/000182  orientation of the insert in 5' to 3'
direction is known e.g., Pvul, SalllEcoRr, Cfr101,  ApaLl, BshT1, Aval,
Sspl, Acc,, etc. EXAMPLE 3  Making 1~-strand and codon usage 5 In this
invention, our interest lies in cloning of hGH-V from placenta and hGH-N
from pituitary into an E. coli TA-cloning vector through Oligo-dT RT-PCR.
To clone  hGH-V, total RNA was extracted from human placenta. Gene-specific
upstream and  downstream primers are designed according to the hGH-V cDNA
sequence (Chen et al.,  1989). RT-PCR was done on oligo dT(g+12) and oligo
dT10 purified mRNA using Oligo 10 dT (8+12) Primers for mRNA generation and
subsequentlylst-strand cDNAs synthesized.  The pooled mRNA used for
1"-strand cDNA synthesis with the help of AMV  transcriptase by RT
reaction. I"-strand quality was assured by amplifying standard  houskeeping
genes as control e.g. P-actin gene. PCR amplified 694 bp putative  hGH-V
fragment (SEQ ID NO: 1) is cloned directly by TA-cloning into pUC-18 based 



15 vectors. All the positive clones have undergone through restriction
analysis (using Aat II,  BstM, Ncol, Notl, Pst]) to check the validity of
the fragment as well as the orientation of  the fragment within the vector.
Results confirm the validity of the 694 bp fragment (SEQ  ED NO: 1) as
hGH-V cDNA. HGH-N cDNA fragment was also generated using the fetal
pituitary mRNA  20 following the same procedure as mentioned above. Four
independent RT-PCR amplified  putative 723 bp hGH-N fragment (SEQ ID NO: 2)
is cloned directly by TA-cloning into  pUC-18 based vectors (pGEHN).Using
eight unique restriction enzymes from human  hGH-N cDNA map the validity of
the cloned ftagments was checked which showed that  the 723 bp RT-PCR
product (SEQ ID NO: 2) from fetal pituitary and brain are both  25 putative
hGH-N cDNA. Since hGH-N was analyzed for codon optimization according to E.
coli codon  degeneracy, which shows most of the regions, are similar to the
codon usage (Gray et al.,  1988; U.S. Pat No, 4604359). In a preferred
embodiment only two amino acids in the  mature ORF were manipulated in
their wobble sequence, which created a unique  30 restriction site 27 WO
2006/001027 PCT/IN2004/000182  EXAMPLE4 Analysis by Sequencing The
constructs were sequenced using normal sequencing protocol, which is  5
modified in the laboratory. DNA to be sequenced, either a PCR product or a
plasmid  construct, was purified through column or through PEG
precipitation described in Kraft  et al. 1988. After purification, sample
DNA has given for sequencing in the range of 50  ng to 500 ng. Cycle
sequencing reactions are made up in a final volume of either 10 ~d or  20
~tl. For each reaction either 4 [d or 8 RI terminator ready reaction mix is
added to the lo DNA template. This ready reaction mix has pre-mixed dNTPs,
dye terminator, ampli Taq  DNA polymerase, MgC12 and buffer. Addition of 1
gl of primer (5 pmoles/~tl), tubes ire  subjected to cycle sequencing in a
thermal cycler (25 cycles of 94 *C, 10 secs, 50 *C for  5 sec and 60 'C for
4 mins). The PCR product was precipitated with 2.7 M sodium acetate (pH
4.6) and  15 ethanol, washed twice with 70% ethanol and the final DNA
pellet was resuspended in  formamide. Samples were then analysed in the
automated sequence (310 Genetic  Analyzer fi-om ABI Technology). 



EXAMPLE, 5 Construction of the chimeric cDNA 20 In our strategy, the
difference in amino acids (13 total) between hGH-V from,  hGH-N had taken
into consideration where the changes are done on hGH-V clone in  such a way
so that those amino acids are replaced with the hGH-N cDNA stretch, which
also consequently made a E. coli-able modified hGH cDNA product. We had
taken the  previously cloned hGH-V and hGH-N cDNA in the pUC-18 based
vector. These clones 25 (pGEHV and pGEHN) are digested separately with
unique restriction enzymes to replace  the hGH-V fragment's specific
regions with E. coli-able hGH-N portions or' synthetic  constructs. Then
the final hGH-NV chimera was cloned using restriction enzymes the  digested
fragments are ligated with each other to ligate back into TA-cloning vector
in  between NcollNotl site. Restriction analysis was done to confirm the
ligated hGH-NV 30 chimera within the same pUC-I 8 based TA-cloning vector
(Yanisch-Perron et al., 1985).  Cloning of hGH-NV cDNA chimera was done on
pUC-18 based cloning vector  pGEHNV at NcollNotl site (Figure 5a) as well
as into pBAD promoter (or similar  promoters) (pBAD/HisA) controlled E.
coli expression vector and transformed TOP 10 E.  28 WO 2006/001027
PCT/IN2004/000182  coli strain with that. Ligation reactions were done by
incubating the reaction mix  overnight at 41C - 14*C for 16 Ins. To
increase the number of transformants it was  necessary to incubate the
ligation reaction mix in Us manner. For transformation,  regular protocol
was followed where after incubation I OOVI - 200~Ll transformation mix 5
was spreaded onto the 2XYT agar plates with 50 gg/~tl of wnpicillin
present. More than  50-70 colonies were present per plate; control plate
was set using linearized vector. DNA  extraction was done by following
miniprep DNA extraction with the help of alkaline- lysis procedure as
mentioned above. A thorough restriction analysis was done after a  putative
positive clone was achieved with NcollEco241, NhellEhel, NcollXhol, io Bsh
TI1XhoI1BsL)U, Bsh TTXhol, NWIEcoRr were used to check the insert
restriction map.  To check the hGH-NV expression in E. coli we were trying
to clone the chimeric  cDNA into pBAD/HisA expression vector. Applicants
are interested in cloning of only  the portion of cDNA,' which represent
the mature peptide region excluding the 26 amino  acids, the secretory
signal peptide. To achieve that gene-specific primer pairs are made at 15
the start (Primer E, SEQ 11) NO: 12) and stop (Primer F, SEQ ID NO: 13) of
mature  peptide region. At the same time to clone the mature hGH-NV
immediately after factor  



V111a and/or EK cleavage site within the vectors primer pairs (Primers Q &
R ;SEQ ID  NOs: 17 and 18) of the vector fragment are designed in such a
way so that the mature  hGH-NV cDNA gets locked in with the vector fragment
portion by T-A cloning method. 20 Using this unique strategy applicant has
achieved 7 positive clones of hGH-NV in  pBAD/HisA expression vectors (or
similar vectors). An extensive restriction analysis on two of the six
mature chimeric clones from  TOP 10 E. coli expressible strain (or similar
strains) and confirmed that these clones are  the putative hGH-NV mature
cDNA clones which are ligated in the right orientation on 25 the vector by
T-A ligation. Its to be noted that hGH-NV(SEQ ID NO: 3) sequence  differs
from hGH-N sequence in codon usage, one additional restriction site and
mRNA  secondary structure (Fig. 3 & 4) and the synthetic hGH-NV gives
identical protein  sequence as that of somatotropin (Fig. 2). EXAMPLE 6  30
Making of the multiple cassettes Unique strategy was taken to insert the
multiple cassettes of the coding domain  including the regulatory region in
tandem fashion. This helped to increase the level of  recombinant hGH-NV
derived human growth hormone expression in E. colt which is  29 WO
2006/001027 PCT/IN2004/000182  distinctly showing the promising difference
in its expression level (Fig. 8). Here,  cloning of the multicassettes into
arabinose-inducible (or similar induction systems)  expression vector
(pABGH2) as total of 7275 bp. In this attempt, our interest lies in cloning
of hGH mature cDNA in the form of  5 duplicate cassettes in inducible
expression vector for high-level expression in E. coli. A  thorough
analysis was done on expressed protein that showed the right mol. wt.
protein  band on SDS-PAGE, and fin-ther confirmed by Western blotting,
N-terminal amino acid  sequencing and protease cleavage mapping
(unpublished data). Since the previous clone  showed only 5% of total E.
coli protein expression, we have focused in modifying hGH io Clone #1
(pABGHI,). We have achieved at least eight of such positive clones by
applying a strategy of ligation slid cloning. This unique clone consists of
multiple copies  of promoter-hGH insert-terminator cassette. Confirmation
of positive clones was done by  several combination of restriction enzyme
analysis. Analysis by quick induction  experiment followed by SDS-PAGE
reveals the level of expression gone up to higher 15 than the previous hGH
Clone #1 (pABGHl) To achieve even for better level of  



expression induction was done in an optimized media with various inducers.
A thorough restriction analysis was done on the positive clones. Pvul
digestion  on the miniprep DNA was taken as our screening method for
selecting positives.  Maxiprep DNA from hGH clone #1 (pABGHl) were digested
with AccllBsUY, 20 BshTIlEcoRl and AccIlEcoRl to get. 1965bp, 1282bp,
903bp, 3717bp and 470bp DNA  fragments, respectively. After 2 hrs of
digestion at 370C digested samples were run on  1.2% agarose gel and the
above mentioned bands were purified for ligation. Restriction enzyme
digested (pABGH1) maxiprep DNA is showing the gel- purified fragment of
interest. pABGH1 clone double digested with AcdlBshTI, showing  25 1965 bp
and 1282 bp DNA fragments of interest pABGHI double digested with
BshTII1EcoRI, showing purified 903 bp digested fragment pAl3GH1 clone
double  digested with AccIlEcoPJ. 470 bp and 1965 bp purified bands of
interest those will be  ligated. These three DNA fragments are ligated one
after another, which contain the  30 regulatory, hGH cDNA insert and the
3'-downstream terminator regions. This whole  2655 bp cassette is finally
circularized by ligated with the 1965 bp fragment. Total length  of the
plasmid construct comes to 7275 bp (SEQ U) NO: 18, Fig. 5b) where the
insert  size is 2655 bp which is inserted as duplicated cassettes arranged
in tandem. 30 WO 2006/001027 PCT/IN2004/000182  All the SEQ 11) NOs: are
tabulated accordingly in Table 3. Production at lab scale Intention of
cloning multiple cassettes of hGH-NV into the arabinose-inducible
expression vector was to increase the expression level for production at
later stage. This  5 intention was successful at least 1L scale, yielding
4-5 grL hGH (or higher) was produced in an appropriate fermentation
condition. Comparative protein expression level  in single synthetic hGH,
duplicated cassettes were given in Fig. 8. References Cited  10 Patent
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(Taken from Ausubel, F.M. et al., 1987) AA Codon Mammal % Other Vertebrate
Yeast Gram freq. G. pos.  fre . - freg. % freq. % freq. 0, freq %  Gly GGG
16.6 22.8 14.8 20.7 5.2 -9.0 9. 12.3 9.2 13.7  Gly GGA 18.5 25.5 20.9 _T922
8.5 13.6-7 9.2 20.5 30.5  Gly GGU 12.8 17.6 15.2 21.3 34. 61.0 25.1 32.9
18.2 27.2  -my GGC 24.7 34.1 20.7_ 28.9 8.9 15.0 34.9 _T5_.6 -T9-.I- 28.5  



Pro CCG 6.8 11.2 6.0 11.0 4.1 9.0 23.7 54.4 10.8 30.3  Pro CCA 16.5 27.3
16.7 30.4 21.9 49,0 1 7.4 Pro CCU 17.4 28.8 15.7 28.6 12.7 29.0 .6.61 15.2
1 11.9 133.2  Pro CCC 19.7 32.7 16.4 30.0 5.7 13.0 5.8 13.3 2.7 7.6  Stop
UAA 1.0 23.2 1.4 28.0 1.0 49.0 1.8 57.2 2.1 65.6  Stop UAG 0.7 17.2 0.7
13.8 0.4 -F7-.0 0.3 -9.7 0.5 15.6  Stop UGA 2.6 59.6 2.9 7 34.0 1.0 33.2
0.6 189  1 N7 53.0 17.1 Phe LrUU 1 ~4 i ___ 47.5 27.3 68t  15.3 40.7 14.6
't Phe I UUC 1 22.3 59.3 18.4 1 55.8 20.0 47.0 18.9 1 52.5 12.8 3 E20  20
36 WO 2006/001027 PCT/IN2004/000182  Table 2: 24 Hours 48 Hours 72 hours
Control 1.25 x 10' 0. 11 1.72 x IW +/- 0.27 2.05 x 10' +/- 0. 1  _T.____ 0.
18 5.07 x 105 +/ 0. Ing Novo Nordisk 72 x 105 0.55 5.30x 105 +/-0.  1ng
Novo Nordisk F7_3 -x-107-+-/- 0.06 6.50 x W' +1-0.45 10. 12 x 10' +/- 0
105 +/-0.73 16.35 x 105 +/_ 1.15 1 Ong Novo Nordisk .79 x 05'-+-/- 0.27
8.37 x 0.1ng GH produced 1.49 x 105 +/- 0.1 F_ 2.53 x 0.2~-_ 5.20 x 10' +/-
0.66  as per novel process of the present  -invention Ing GH produced 2.04
x 10' +/- 0.22 5.90 x 10' +/- O.T2_ 11.8 x 105 +/- 0.74- as per novel
process of the present  -invention lOng GH produced 1.95 x 105 +/- 0.22 9.1
x I W +/- 0.44 19.05 x 10' +/- 1.73  as per novel process of the present
invention 



37 WO 2006/001027 PCT/1N2004/000182  Table 3 SEQ ID NAME OF SEQ POSITION
NO: SEQUENCE LENGTH (Nucleotides/  Peptides)  1. hGH-V cDNA 694 1-694  2.
hGH-N cDNA 723 1-723  3. hGH-NV(chimera) 728 1-728 4. 591-NV 591 .
119-695+TAA addition  5. 579-NV 579 120-695 6. Primer A 29 1-29 Forward
primer, starting at 5'- untranslated region 7. Primer B 29 Reverse primer
to amplify 694bp  hGH-V cDNA from human  placenta 8. Primer C 29 1-28
Forward primer, starting at  5'-untranslated region 9. Primer D 27 Reverse
primer to amplify 723bp  hGH-N cDNA from human fetal  pituitary 10. Peptide
of V 217 Including the 26 as signal peptide  11. Peptide of N 217 12.
Primer E 24 At 120-144 of SEQ ID NO: 3  13. Primer F 30 At 681-695 of SEQ
ID NO: 3 14. Peptide NV 217 Including the 26 as signal a tide  15. Primer Q
17 Anneals on pBAD vector  upstream sequences 16. Primer R 18 Anneals on
pBAD vector on the  EK cleavage site sequence region  17. Primer J 31 At
298-328 of SEQ ID NO: 3 18. Primer K 31 At 388-418 of SEQ ID NO: 3  19.
Primer L 31 At 934-963 of SEQ ID NO: 3  



20. Primer M 27 At 744-714 of SEQ ID NO: 3  21. Primer N 30 At 927-953 of
SEQ ID NO: 3  22. Primer 0 32 At 1304-1335 of SEQ ID NO: 3  5 38 WO
2006/001027 PCT/IN2004/000182  We claim: I A hGH-NV cDNA chimera as shown
in SEQ ID NO: 3. 2. An amino acid sequence as shown in SEQ ID NO: 14
encoded by the hGH-NV  cDNA chimera. 5 3. A plasmid vector containing
chimeric cDNA sequence as shown in SEQ ED NO:3  4. A plasmid expression
vector pABGH2 containing chimera derived mature CDNA  sequence as shown hi
SEQ ID NO:5 5. A process of obtaining novel hGH-NV cDNA chimera of SEQ ID:
3, which  encodes Human Growth Hormone (hGH), the said process comprising
steps of* 10 (a) isolating the total RNA from human placenta and pituitary,
(b) amplifying the respective cDNA isoforms, hGH-V from human placenta  RNA
and hGH-N from pituitary RNA of step (a) by reverse transcription  using
gene-specific primers selected from SEQ ID NO: 6, SEQ ED NO: 7,  SEQ ID NO:
8 and SEQ ED NO: 9, 15 (c) cloning of the amplified cDNA isoforms hGH-V and
hGH-N of step (b),  (d) comparing the restriction endonuclease map of both
the cloned cDNA  isoforms of step (c) according to their inframe translated
ORF sequence, (e) digesting the cloned cDNA isoforms of step (c) at
specific restriction  endonuclease sites, 20 (f) replacing in digested cDNA
isoforms of step(e) the hGH-V fragment  specific regions by hGH-N fragment
at specific restriction endonuclease  sites by ligation to obtain the
desired specific combinations of hGH-NV  cDNA chimera, and (g) cloning of
hGH-NV cDNA chimera as shown in SEQ DD NO: 3 in a  25 suitable plasmid
vector. 6. A process as claimed in claim 5, wherein in step(f) the portions
of cDNAs from  the isoforms are put in specific combination for developing
the cDNA fragment  template of hGH for better codon usage. 



39 WO 2006/001027 PCT/IN2004/000182  7. A process as claimed in claim 6,
wherein the desired specific combinations of hGH-NV cDNA chimera are 1-62
bp, 63-587 bp and 588-728 bp as shown in  SEQ ID NO: 3. 8. A process as
claimed in claim 5, wherein in step(e) the specific restriction  5
endonuclease are selected from BseMI, AatH, EcoNl, PleI, BstXl, EheI,
SmILand  SmaL 9. A process as claimed in claims 5 and 7, wherein the novel
hGH-NV cDNA  chimera generates a mature hGH cDNA as shown in SEQ ID NO: S.
10. A process as claimed in claim 9, wherein the SEQ ID NO: 5 is generated
by  10 cDNA amplification using gene-specific primers. 11. A process as
claimed in claim 10, wherein the gene-specific primers are selected  from
SEQ ED NO: 17, SEQ ID NO: 18, SEQ H) NO: 19, SEQ H) NO: 20, SEQ  ID NO: 21
and SEQ ID NO: 22. 12. A process as claimed in claim 9, wherein the
expressible construct of the  15 chimera-derived SEQ D) NO: 5 is linked
with a stretch of non-GC rich  sequences. 13. A process as claimed in claim
12, wherein the sequence of chimera-derived SEQ  ED NO: 5 linked with a
stretch of non-GC rich sequences is duplicated. 20  25  30  40 WO
2006/001027 PCT/IN2004/000182  AIVIENDED CLAIMS [received by the
International Bureau on 09 August 2005 (09.08.05);  claims 3,5 amended;
claim 6 cancelled; new claims 13-18 added;  remaining claims renumbered but
unchanged, (2 pages) +STATEMENT  I . A hGH-NV cDNA chimera as shown in SEQ
ID NO: 3. 2. An amino acid sequence as shown in SEQ ID NO: 14 encoded by
the hGH-NV  cDNA chimera. 3. A plasmid vector containing chimeric cDNA
sequence as shown in SEQ ID NO:3  



4. A plasmid expression vector pABGH2 containing chimera derived mature
cDNA  sequence as shown in SEQ D) NO: 5 5. A process of obtaining novel
hGH-NV cl)NA chimera of SEQ ID: 3, which  encodes Human Growth Hormone
(hGH), the said process comprising steps of a) isolating the total RNA from
human placenta and pituitary, b) amplifying the respective cDNA isoforms,
hGH-V from human placenta  RNA and hGH-N from pituitary RNA of step (a) by
reverse transcription  using gene-specific primers selected from SEQ ED NO:
6, SEQ ID NO: 7,  SEQ ID NO: 8 and SEQ ID NO: 9, c) cloning of the
amplified cDNA isoforms hGH-V and hGH-N of step (b), d) comparing the
restriction endonuclease map of both the cloned cDNA  isoforms of step (c)
according to their inframe translated ORF sequence, e) digesting the cloned
cDNA isoforms of step (c) at specific restriction  endonuclease sites, f)
replacing in digested cDNA isoforms of step (e) the hGH-V fragment
specific regions by hGH-N fragment at specific restriction endonuclease
sites by ligation to obtain the hGH-NV cDNA chimera, and g) cloning of
hGH-NV cl)NA chimera as shown in SEQ ID NO: 3 in a  suitable plasmid
vector. 6. A process as claimed in claim 5, wherein the desired specific
combinations of  hGH-NV cDNA chimera are 1-62 bp, 63-587 bp and 588-728 bp
as shown in,  SEQ ID NO: 3. 7. A process as claimed in claim 5, wherein in
step(e) the specific restriction  endonucleases are selected from Bse MI,
Aat II, Eco NI, Ple 1, Bst XI, Ehe 1, Sm.  1LandSma 1. 41  AMENDED SHEET
(ARTICLE 19) WO 2006/001027 PCT/IN2004/000182  8. A process as claimed in
claim 5 wherein the novel hGH-NV cDNA chimera  generates a mature hGH cDNA
as shown in SEQ ID NO: 5. 9. A process as claimed in claim 8, wherein the
SEQ ID NO: 5 is generated by  cDNA amplification using gene-specific
primers. 10. A process as claimed in claim 9, wherein the gene-specific
primers are selected  from SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ
ID NO: 20, SEQ  



ID NO: 21 and SEQ ID NO: 22. 11. A process as claimed in claim 8, wherein
the expressible construct of the chimera- derived SEQ ID NO: 5 is linked
with a stretch of non-GC rich sequences. 12. A process as claimed in claim
11, wherein the sequence of chimera-derived SEQ  ID NO: 5 linked with a
stretch of non-GC rich sequences is duplicated. 13. A recombinant cell
derived from E.coli harboring the plasmid expression vector.  pABGH2 as
claimed in claim 4. 14. A recombinant cell derived from E.coli harboring
the plasmid vector containing  chimeric cDNA sequence as shown in SEQ ID
NO: 3 as claimed in claim 1. 15. A process for the production of a
synthetic human growth hormone said process  comprising the steps of: a)
growing recombinant cells harboring the plasmid expression vector  pABGH2
as claimed in claim 4 in a suitable culture medium, and b) recovering, by
known methods, said synthetic human growth hormone  from the culture medium
of the said recombinant cells. 16. A process of claim 15, wherein the
recombinant cells are derived from a group  consisting of E.coli, yeast,
CHO, preferably E.coli 17. A process as claimed in claim 15, wherein the
plasmid expression vector,  pABGH2 contains two copies of the
chimera-derived SEQ ID NO: 5. 18. A process as claimed in claim 15, wherein
the plasmid expression vector  pABGH2 containing the chimera-derived SEQ ID
NO: 5 is linked with a stretch  of non-GC rich sequences. 42  AMENDED SHEET
(ARTICLE 19) WO 2006/001027 PCT/IN2004/000182 Statement under Article 19
(1) Claims have been amended to overcome certain observations made in the
written  opinion of the international searching authority. No new subject
matter has been added.  43 


