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ABSTRACT

Iuman calcitonin (hWCT) is a 32 amino acid peptide participating in the regulation of calcium
and phosphorus metabolism in lnumans. It is used in clinics for treatment of diseases related
fo bone decalcification, such as Pagel disease, osteoporosis imperfecta, parathvroid gland
carcinomas, etc. A synthetic hCT tetrameric (hC1y gene is now cloned in binary vectors for
gene expression in veast and plants. The vector for expression in yeast is based on 2u plas-
mid containing the a-factor leader sequence. The plasmid for expression in plants carries the
35S cauliflower mosaic virus promoler linked to the tohacco etch virus 5 -nontranstated
leader sequence acting as a translational enhancer. Two strains of veast cells (GRIF18 and
FY168) and one cultivar of potato (Solanum tuberosum Nevski) were transformed and ex-
pression of the hCTy gene was studied by mRNA-DNA hvbridization, RT-PCR, Northern-blot
analysis, ELISA and RIA. The vield of recombinant hCTywas estimated fo be about 12-20 mg
per liter of veast culture for veast and 0.02 % of the total soluble protein in transgenic potato

plants.

Introduction
Calcttonin (CT) is a polypeptide hormone
scereled by the thyroid gland in mammals
and ultimobranchial glands in lower verte-
bratcs. It expresses a strong hypocalcaeniic
activity and plays a key role in the utilization
of calcium and phosphorous. For more than
two decades CT is used in clinics for treat-
ment of diseases rclated to bone decalcifica-
tion, such as Paget discase, ostcoporosis im-
perfecta, parathyroid gland carcinomas, cte. (1).
CT molccule is characterized as follows: a)
all known calcitonins consist of 32 amino
acids (aa); b) the 1%t and the 7" aa are always
cysteins; c) the 8™ residue is a hydrophobic
aa (usually methionine or valine); d) the 15t
residue is a dicarboxylic aa: ¢) the 22 resi-
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dug is an aromatic aa: f) the 28" aa is always
glycine: g) the C-terminal (the 32"y residue
is always proline and h) the C-termini of all
known calcitonins are amidated (1).

CT aclivity is not species specific which
makes it possible to usc animal calcitonins
(porcine. salmon and ccl) for treatment of
human paticnts. However, due to immu-
nological reactions the prolonged application
of animal calcitonins lcads to a gradual de-
crcasc or loss of CT activity. That is why the
long term treatment of human patients with
CT preparations requires homologous (human)
calcitonin (hCT).

WCT was first isolated from C-medullary
thyrocarcinoma in 1968 and was synthesized
soon aficr establishment of its primary struc-



turc. Although synthetic hC'T is commercial-
ly available for a long time. its biological
activity has been reported to be much lower
(up to ten times) in comparison with that of
the natural hormone. The lower activity is
explained by amino acid isomerization and
molecular occurring during the solid phasc
polypeptide synthesis (1).

Homogencous hCT preparations consisting
of 100 % chiral amino acids can be prepared
by the methods of genctic engincering only.
This idea triggered numerous studics dedica-
ted to the chemical synthesis (2-4) and ex-
pression of hCT gene in E. coli (2, 3. 5-8).
The expression of small proteins in bactceria,
however. is still a problem for the recombi-
nant DNA tcchnology. Our attempts o rea-
lize a direct cxpression of the hCT
{monomeric) gene in Y. coli failed to give
satisfactory results and the low yicld obtained
was explained by the protcolytic instability of
the recombinant product (2. 5). Two ap-
proaches have been cmployed so far for the
stabilization of hCT in heterologous produ-
cers: a) fusion to highly expressed genes.
such as the genes of human interferon
gamma (3) or chloramphenicol acctyltrans-
ferase (7) and b) oligomerization of the hCT
gene (4, 9). The fusion experiments showed
that the hCT gene was a strong inhibitor of
the expression of all genes used for fusion
lowering the yield of correspounding protein
by a factor of 100 to 1000. Higher, although
unsatisfactory, results has been obtained with
the hCT oligomeric gencs (8). Onc of the
most reliable constructs among a scrics of
many oligomeric hCT genes turncd out to be
the hCT tetrameric (hCTy) genc. Although
this gene yielded several percent of recombi-
nant protein in the form of insoluble inclu-
sion bodics in 7. coli cells (10) the microbial
expression systcm demonstrated the follow-
ing disadvantages: a) the increased cxpres-
sion of hCT obtained by oligomerization of
the hCT gene strongly inhibited bacterial cell
growth: b) the cxpression plasmids bearing
oligomeric ICT gencs showed a high scgre-
gation and genetic instability. The latter
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shortcomings. however, were stimulating for
searching for cukaryotic hosts for the hCT
gene expression.

Two cukaryotic cxpression systems. ycast
and transgenic plants. have recently emerged
for production of biologically active com-
pounds of cukaryotic origin for clinical ap-
plication (11). In this paper we describe the
expression of a synthetic hCTy gene in two
yeast strains and one transgenic potato plants
cultivar.

Materials and Methods
Microorganisms, plasmids and genes
I'scherichia coli XL1-Blue (uscd for cloning)
was purchased from Stratagenc (USA) and
Agrobacterium tumefaciens PGV3850 (used
for plant transformation) was obtained from
Prof. Piroozian (Institutc of Molecular Ge-
nelics. Moscow). The ycast strains S. cere-
visiae GRF18 (MATa, len2-3, leul-12, his3-
11, his3-15) and VY168 (AfdTa, srbl, tsl,
len2-3, leu2-12, his3-11, his3-15) were used
for hCTy gene expression. The plasmid for
ycast expression containing the yeast a-fac-
tor coding sequcence and a portion of the
plasmid pMA91 as a donor of both the yeast
LEU2 gene and the 2p origin of replication
was constructed as described before (12). The
plasmid pJP;Ry-hCT (4) was used as a
sourcc of the synthetic hCTy gene. Together
with the plasmids pRTL (gifted by Prof. J.
Carrington. Texas University) and pBinl9
(provided by Prof. Piroozian. Institutc of
Molccular Genetics, Moscow) it was uscd to
constiuct the plasmid for potato plant trans-
formation.

Yeast transformation and growth

Ycast cclls were transformed according to Ito
et al. (13). Transformed GRFI8 cells were
cultured at 30 °C in a sclective medium
confaining 1 % yeast nitrogen base, 4 % D-
glucose and 80 pg/ml histidine under vigo-
rous shaking. The VY168 cclls were grown
in the samec medium supplemented with
10 % of sorbitol.

Plant cultivar and growth

A potato cultivar Solanum tuberosuin Nevsky
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was grown on a sterile MS medium under 18
hours light and 6 hours dark photoperiods.
Potato minitubers were prepared from sterile
in vitro grown potato shoots with 5-6 fully
expanded leaves. After rooting on MS me-
dium containing 6 % sucrosc and 1 mg/l 6-
benzylaminopurine (BAP). the plants werc
transferred to a dark place and grown at 4 °C
for 7-10 days. Plants were then grown in a
well shadowed place at 16-18 °C until mini-
tubers were formed (14).

Plant transformation and regeneration
Agrobacterium tumefaciens pGV3850 cells
were transformed with the recombinant bi-
nary vector pBin19-hCT,; isolated from £.coli
XL1-blue cells and used for plant transfor-
mation. /n vitro grown potato minitubers (4
months old) were cut into 1-2 mm slices and
transformed essentially as described by
Ishida et al. (15). The tuber discs were
washed with the same medium, dried bet-
ween sterile filter paper sheets and trans-
ferred to new plates containing selective
medium. The plates were incubated in dark
at 26 °C until the regenerated shoots reached
the length of 1.5-2 mm. The shoots were cut
off, transferred to individual test tubes con-
taining the same selective medium and incu-
bated in the light at 26 °C. The plants deve-
loping roots under these conditions were
assayed for transcription and translation of
the hCT; gene.

RNA isolation and analysis

Total RNA was isolated from plant tissues by
standard procedures and stored under 70 %
ethanol.

Reverse transcriptase (RT) PCR reaction
was carried out using a SuperScript™ kit
(Gibco-BRL) and two (forward and rcverse)
primers specific for both ends of the hCT
gene.

Preparation of plant tissue extracts

Plant tissues frozen in liquid nitrogen were
crushed into fine powder and extracted with
2 volumes of the following buffer: 20mM
sodium phosphate, pH 7.0, 0.15 M NaCl/,
0.1 % Triton X-100 and 2 mM PMSF. The
samples were clarified by centrifugation at
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45 000 rpm for 45 in a Beckman TL-100
centrifuge and used for RIA or immunoaf-
finity purification.

Immunoaffinity purification of recombi-
nant calcitonin

Rabbit polyclonal hCT antiserum was conju-
gated to CNBr-activated Sepharose 4B
(Pharmacia) and packed into a glass column.
Crude plant tissuc extracts were loaded onto
the column cquilibrated with PBS buffer
(0.14 M NaCl, 5 mM sodium phosphate pH
7.4) and alter washing with PBS, the hCT,
was eluted with 0.1 M acetic acid.
Radioimmunoassay

Radioimmunoassay (RIA) was based on the
doublc-antibody approach for antigen pre-
cipitation using commercial kits (Diagnostic
System Laboratories) and following the
manufacturers instructions. RIA was applicd
for concentration measurcments of hCT; in
cither yeast culture medium clarified by cen-
trifugation or transgenic plant extracts.

Results and Discussion

In this study we describe the expression of a
previously synthesized hCTy gene (4) in yeast
and transgenic polato plants. The vector for
yeast expression (YIMB-hCT)) is shown in
Fig. 1A and its creation was described earlier
(12). The expression vector for potato plant
cells (pBin19-hCTy) is presented in Fig. 1B
and its construction will be described else-
where.

The transcription of the hCT; gene in
transgenic potato plants was studied by RT-
PCR. As shown in Fig. 2, the PCR test
revcaled a single band of about 100 basc
pairs (corresponding to the size of the hCT
monomeric gene) in all transgenic plants
tested whereas such a band was missing in
the PCR products of the non-transformed
(control) plants. The smaller size (100 bp) of
the PCR fragments is due to the fact that the
two primers used for PCR amplification are
complementary to the ends of the hCT gene
which is repcated four times in the hCT;
gene.

The efficiency of translation of the hCT;
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Fig. 1. Structure of the plasmids for expression of the hCT; gene in yeast (A) and potato plants (13).

Abbreviations in (A); pAB112 and pMA91, portions of the two plasmids used for construction of the expression plasmid
YIMB-hCTy; LEU2, a gene for selection: Amp, ampicilling 2p ori, origin of replication borrowed from the wild yeast

plasmid 21 Abbreviations in (3): RB and LB, right and left border sequences of the Ti-plasmid; npt-1I, kanamycin (Km)
resistance marker: hCT, human calcitonin monomeric or tetrameric gene; mpRTL, portions of the plasmid pRTL; TEV, a
portion of the tobacco etch virus, modified as shown at the bottom of the figure; Ter, transcription terminator and a

polyadenilation site; Km, kanamyein.
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Fig. 2. Identification hCT, gene transcripts in transgenic

potato plants by RT-PCR. Lanes: 1, a 100 base pair DNA
ladder (Gibco-BRL);, 2, non-transgenic potato plant
(negative control); 3-6 diflerent regenerates transformed
with the expression plasmid pBin-hCT,.

mRNAs in yeast and transgenic plants was
studied by radioimmunoassay (RIA). As
shown in Fig. 3, the recombinant hCT; pro-
tein isolated from both yeast growth medium
and transgenic potato plants competed very
well with the 1%I-labeled standard hCT for
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Fig. 3. Radioimmunoassay (RIA) for binding of unlabetled
hCTy isolated from yeast growth medium (empty circles)
and hCT; isolated from transgenic potato plant leaves (full
circles) with hCT specific antiserum in the presence 123]
labeled standard hCT. Bo is binding of labeled hCT in the
absence of unlabeled competitor (considered as 100 %) and
B is the binding of labeled calcitonin in the presence of
unlabeled calcitonin. Antigen concentration is given on the
abscissa. The third line (marked by crosses), represents a
standard  curve expressing the competition  with
lomologous (standard) untabeled hCT.
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TABLE
Yield of hCTy produced by recombinant yeast and
transgenic potato plants

Producer Yield of hCT

mg/ i ng/mg proleinc)
Yeast GRF18 20.0 £0.5
Yeast VY168 12,0 £0.6
Potato leaves 2.040.3
Potato roots 1.0+0.2
Potato tubers 0.7+£0.2

) The yield of hCTt is measured by RIA in either clear
(with no yeast cells) growth medium (b)) or plant tissue
extracts (V).

the hCT specific antibodies. This was an indi-
cation for the immunological identity of the
recombinant protcins svithesized in both
eukaryotic producers. The laticr was a rcason
for the application of RIA for quantitative
analysis of the expression of hCT genes in
recombinant yeast and transgenic potato
plants. As shown in Table, the yicld of hCT,
in the yeast culture medium was about 12
mg/1 for the yeast strain VY168 and 20 mg/l
for the strain GRF18. As for the transgenic
plants our study showed that the yicld of
hCT in the tissues was variable and depended
on both the plant organ used and the stage of
plant development (Table). In spite of that
the recombinant calcitonin was detected in
all plant tissues, its content in the green parts
was twice higher than that of the roots and
tubers. The tissue and organ dependence of
the yield of recombinant hCT; protein could
be explain by the differential activity ol the
35S CaMV promoter in plant organs (16).

To determine the size of recombinant pro-
tein produced by yeast and transgenic potato
plants, protein preparations were purificd
from either veast growth mecdium or plant
tissue extracts by aflinity chromatography
using hCT specific polyclonal antibodies.
The SDS-polyacrylamide gel clectrophoresis
followed by a Northern-blot analysis showed
that the molecular masses of the immunore-
active proteins was about 13 KDa which cor-
responded to the size of the hCT tetrameric

Biotechnol. & Biotechnol. Eq. 13/1999/1

protein (data not shown).

The results presented in this study indicate
that the yield of recombinant hCT is not sa-
tisfactory high ecither in yeast or in trans-
genic potato plants. Bearing in mind the un-
successful expression of the hCT gene in £
coli (see above), it secems to us that the hCT
genc is in principle a poorly expressed gene
in all kinds of heterologous hosts tested so
far. In spite of that, the fact that both yeast
and transgenic potato plants can tolerate and
express ICT genes even at low levels, give
us reason to continue our cfforts to this di-
rection. We have recently started a new se-
ries of experiments aiming to improve the
expression of the hCT gene in plant tissues
using other (tissue specific) promoters and
the new results will be a subject of another
publication.
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