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Our previous research showed that the best yield of virus-like particles (VLPs) formed by RNA
bacteriophage GA coat protein was obtained by expression in yeast Pichia pastoris, while other
used expression systems in Saccharomyces cerevisiae gave much lower amounts of capsids.
The main reasons to attempt further studies in Saccharomyces cerevisiae were to improve the
yield of GA-based VLPs using constructs with optimised nucleotide triplets in coding sequences,
and to exploit the possibilities of the two-promoter Gal1/Gal10 system of expression vector
PESC-URA for production of the desired mosaic VLPs and for packaging of mRNAs into VLPs in

vivo.

INTRODUCTION

Yeast expression systems are successfully used for produc-
tion of heterologous proteins and for generation of virus-
like particles (VLPs) of several sources (Strausberg and
Strausberg, 2001; Sasnauskas et al., 2002; Tsunetsugu-
Yokota et al., 2002; Chen et al., 2004; Juozapaitis et al.,
2005; Mach et al., 2006; Freivalds et al, 2011). Our particu-
lar interest is the potential of yeast cells as a host for pro-
ducing properly folded bacteriophage MS2, QB and GA
coat protein-derived VLPs (Legendre and Fastrez, 2005;
Freivalds er al., 2006; Freivalds et al., 2008; Ramnieks et
al., 2008; Sun et al., 2011), also with simultaneously pack-
aged mRNAs in vivo (Legendre and Fastrez, 2005; Rim-
nieks et al., 2008; Sun et al., 2011). Here we continue our
previous investigations (Freivalds ef al., 2008; Rimnieks et
al., 2008) in several aspects: 1) to improve the yield of
VLPs formed by GA coat protein in Saccharomyces
cerevisiae by use of optimised, yeast-characteristic codons,
2) to produce nanoparticles with in vivo packaged mRNAs
coding ,,reporter” protein GFP or interleukin-2, 3) to exploit
the two-promoter expression system pESC-URA for pro-
duction of mosaic particles formed from two proteins —
GA coat protein and this protein fused with the desired
eukaryotic sequence, this time with fragment of HIV Tat se-
quence and with West Nile Virus E protein DIII chain. Such
an approach to form mosaic particles often is the only possi-
bility to involve foreign protein sequences into soluble
structures and to utilise them in further investigations.

In our previous papers (Freivalds et al., 2008; Rimnieks
et al., 2008), the GA coat protein (CP) encoding gene was
amplified from Escherichia coli expression plasmid
pGA-355-24. The CP aminoacid sequence encoded by this
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plasmid is identical to that published by Tars et al., 1997.
The coding sequence for this plasmid was obtained by RT
of full-length bacteriophage GA RNA, and therefore, it
could be designated as original (Escherichia coli specific).
Previously it was shown (Freivalds et al., 2008) that the
highest yield of GA CP VLPs was obtained in the case of
yeast Pichia pastoris. In Saccharomyces cerevisiae, the
yield of GA CP-formed particles was lower — up to two
times for AH22/pFX-GA and remarkably low for YPH499/
pESCURA. Both Saccharomyces cerevisiae vectors exist in
cells as episomes. Our particular interest was vector
pESC-URA from Stratagene, which has two regulated pro-
moters Gall and GallO that are very powerfully induced by
galactose (up to 1000-fold). The Gall and Gall0 promoters
share a common upstream activating sequence, which tran-
scribe in opposite orientations and can be used to express
two products simultaneously and in approximately equiva-
lent amounts. To attempt to improve yield of GA
CP-derived particles, we decided to switch from original
Escherichia coli preferred codons to optimised ones for
yeast. It is considered that optimal codons can aid to
achieve faster translation rates and higher accuracy of those
processes. Optimal codons in fast-growing microorganisms,
like Escherichia coli or Saccharomyces cerevisiae, reflect
the composition of their respective genomic tRNA pool.
Preferred codon usage in E. coli and yeast is quite different
(Klump and Maeder, 1991). To convert the E. coli original
GA CP sequence into an optimal one for yeast, a built-in
Saccharomyces cerevisiae codon table from the Invitrogen
software package Vector NTI 10 was used. Additional cor-
rections were made by us to eliminate blocks with more
than four identical nucleotides. The resulting GA CP coding
sequence used in further work is displayed in Figure 1.
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MATERIALS AND METHODS

Materials. The materials employed were: Anti-Inter-
leukin-2 Antikorper (online-antibodies GmbH); Pro-Q®
Diamond Phosphoprotein Gel Stain (Molecular Probes, In-
vitrogen); Shrimp Alkaline Phosphatase (Fermentas); pESC
Yeast Epitope Tagging Vectors (Stratagene); plasmid
pUCS57-GA containing GA coat protein sequence encoded
with yeast optimized codons (GeneScript); Yeast Transfor-
mation Kit (Sigma) and First Strand cDNA Synthesis Kit
(Fermentas).

Plasmids and constructions. All used constructions made
by ligation of vectors and appropriate fragments (synthe-
sised in PCR reaction and digested with vector-consistent
restriction endonucleases), are summarised in Table 1. Two
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Fig. 1. Comparison of GA CP original,
software generated and optimised

Yy A (manually corrected) codon sequences.

S. cerevisiae plasmids with original GA CP gene sequences
were already available — pESC-GA was obtained from pre-
vious experiments (Freivalds ef al., 2008) and pFX-GA was
a kind gift from Dr. Andris Kazaks (Freivalds et al., 2008).
Constructions with optimised codons were prepared on the
basis of those two plasmids:

(1) for expression in yeast AH22, the construction pAS66
was made by cutting the coat protein gene from plasmid
pUC57-GA and inserting it in the vector derived from
pFX-GA;

(2) for expression in yeast YPH499, constructions pAS65
and pIC971 were synthesised by cloning out the GA CP
coding sequence from plasmid pUC57-GA by PCR reaction
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OVERVIEW OF SYNTHESISED PLASMIDS

Table 1

Fragment or insert
Construct | Input vector . forward reverse
source plasmid . .
primer primer
pFX-GA digested with Xbal | pUC57-GA - -
PAS66 and BglIl digested with
Xbal and Bglll
> 132aa
leaL10-PYK1 N—| GA cP —¢C
MVSGTLRS.. FYA
AS65 pESC-GA digested with pUC57-GA pARS24 PARS25
P BamHI and HindIII
132aa
[GaT N GACP ¢
VSGTLRS.. YA
€971 pESC-URA digested with pAS65 pINC402 pINC403
P EcoRI and NotI
132aa
c— GA CP —N :m
10562 pAP409 digested with pTRHis2A- pWNV-Kpn | pWNV-Mph
P Kpn2I and Mph11031 WNV
DA21 pESC-GA digested with pAKS pDARI1 PARSI18
P EcoRI and NotI
128aa 14aa L o 132aa
c— GA CP HIV-1Tat | —N GAL10llGALT N— GA CP —c
AYF.. _SRLT/GS G MVSGTLRS.. YA
pIC929 pAS65 digested with EcoRI | pAS65 pINC354 pINC355
and Notl
pIC929 digested with Kpn2I | pIC562 pWNV-Kpn | pINC356
pIC930
and Notl
111aa | ] 129aa 132aa
c— wnvom GACP N S v GACP |-c
E‘AYF.. _SRLTA GAL10 Il GAL1 MVSGTLRS.. FYA
pIC958 pAS65 digested with EcoRI | pAC262 pINC324 pINC325
and Notl
| RNA | 132aa
¢ | L2 | " eautollear " _MVSGTLRS.. s ..FYA_ ¢
10972 pIC971 digested with PAC262 pINC413 pINC414
P BamHI and HindIII
132aa
S GA cP -~ cactolleaLt N I '%A ¢
JAE .- ~SRLTGSVM
[C984 pAS65 digested with EcoRI | pCEP4-CXCR4- | pJAR18 pJAR19
P and NotT cGFP
| RNA | 132aa
1.
T eGFP N aaLtollGaLt N_m_c
1C921 pIC971 digested with pCEP4-CXCR4- | pINC434 pINC435
P BamHI and HindIIT eGFP
132aa
c— GAcCP —N GAL10"GAL1 N I '%4 ¢

and inserting it in plasmid pESC-URA; other plasmids were
derived from those two plasmids.

Plasmid pIC562 was constructed to “stick” the West-Nile
virus envelope protein domain III (WNV-EDIII) sequence
to the C-terminus of Acinetobacter phage AP205 coat pro-
tein. The WNV-DIII sequence was cloned from
pTRHis2A-WNYV plasmid (Martina et al., 2008), inserted in
vector plasmid pAP409 (Tissot et al., 2010) and expressed
in E. coli IM109 cells.

In the first step, to obtain mosaic virus-like particles, the
construction pIC929 was created in which GA CP se-
quences were inserted under control of both promoters
(Gall and Gall10). GA CP under control of Gall0 promoter
was C-terminally fused with the WNV-EDIII sequence,
which was cloned out from construction pIC562. In the case
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of construction pDA21, pESC-GA plasmid (Freivalds e? al.,
2008) was modified by inserting, under control of the Gal10
promoter, the GA CP gene that was previously N-terminally
prolonged with the HIV-Tat (48-60) sequence (from con-
struction pAKS for expression in E. coli system). Therefore,
this construct was made with E. coli-specific codons.

For in vivo packaging, four constructions were made — two
with the interleukin 2 (IL2) sequence cloned from plasmid
pAC262 (Avots et al., 1990) and two with the eGFP se-
quence cloned from plasmid pCEP4-CXCR4-eGFP (Strods
et al., 2010). Each of the genes was cloned in GA CP con-
taining pESC-URA plasmid, under control of either under
Gall or Gall0 promoter.

Transformation and protein production. S. cerevisiae
strain AH22 competent yeast cells were transformed with
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appropriate plasmids (pFX or pAS66) and cultivated for GA
CP expression as described by Freivalds et al., 2008.

S. cerevisiae strain YPH499 competent cells were trans-
formed with appropriate pESC-URA plasmids by using
standard lithium acetate/polyethylene glycol procedure (by
using Yeast Transformation Kit (Sigma)) as described by
Gietz et al. (1992). Transformants were selected on uracil-
free agarised synthetic dextrose minimal medium (SDU")
according to the manufacturer’s protocol. Analytic expres-
sion was performed for clone selection. For cell multiplica-
tion, 5 mL SDU™ medium and incubation in 30 °C for 24 h
were used. For expression, 1 mL inoculum and 5 mL ura-
cil-free synthetic galactose minimal medium (SGU") and in-
cubation in 30 °C, 200 rpm for 24 hours were used. Protein
content in cells was determined with Western blotting. Se-
lected clones were cultivated for preparative protein expres-
sion. 5 mL of inoculum were incubated in 100 mL SDU" in
30 °C, 200 rpm for 24 hours; the cells were collected by
centrifugation (3000 rpm, 5 min) and resuspended in 200
mL SGU™ and cultivated for 48h. Preparative cultivation
was conducted in 1 L flasks.

Purification of VLPs. For purification, 3-8 grams of yeast
cells were resuspended in 10 mL of buffer solution B (20
mM Tris-HCI, 5 mM EDTA, 0.65 M NaCl, pH7.8) supple-
mented with 0.03 mM PMSF. For cell disruption, suspen-
sion was subjected to the French press (three strokes,
20 000 psi), then stirred with SmL glass beads (Sigma) (30
sec of stirring and 1 min of cooling on ice, 15 cycles) and,
finally, sonicated with 22 kHz ultrasound (15 sec of
sonication and 1 min of cooling on ice, 5 cycles). Insoluble
cell debris was avoided by centrifugation (30 min, 12 000
rpm). The pellet wash (with 5 ml of buffer solution B) was
added to the previous supernatant for concentration by dial-
ysis against buffer solution B : glycerol (1 : 1) for 24 hours.
Concentrated material was loaded onto a Sepharose CL-4B
gelfiltration column (2 x 63 cm) with buffer solution B flow
rate approximately 2 mL-h!.

Capsids were pooled and concentrated by addition of solid
ammonium sulphate to 60% of saturation and incubation
overnight at —18 °C. After centrifugation (15 min, 10 000
rpm), the sediment was solubilised into 1 mL buffer B and
dialysed against buffer TEN (20 mM Tris-HCI, 5 mM
EDTA, 0.15 M NaCl, pH7.8) with a lower amount of so-
dium chloride. Contaminant nucleic acids were removed by
passing through a short DEAE-Sephadex A50 ion-exchange
column according to Ramnieks et al., 2008.

Final purification of VLPs was performed by sucrose den-
sity gradient ultracentrifugation on an ultracentrifuge Op-
tima L-100XP with SW32Ti rotor at 20 500 rpm 13 hours.
Centrifuge tubes were filled with layers of descending con-
centrations of sucrose solutions, starting with 36% on bot-
tom till 5% on top. After fractionation and analysis, capsids
were collected and dialysed against buffer solution B : glyc-
erol (1 : 1) and stored.
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Analysis of incapsided nucleic acids. Nucleic acids from
0.2 mg of purified capsids were extracted using phenol as
described by Rumnieks et al., 2008. Synthesis of the first
strand cDNA was conducted using the First strand cDNA
synthesis kit (Fermentas) according to the manufacturer’s
protocol; 1/10 of extracted RNA was used as a template for
each of the corresponding primers — random hexamers,
oligo(dT)g, forward primer against GA CP, and forward
primer against IL-2 or against eGFP gene sequence. For
second strand cDNA synthesis by PCR reaction, both for-
ward and reverse primers were added to 2 uL of each mix-
ture and products were analysed in agarose gel electropho-
resis (Fig. 5).

Polyclonal antibodies against West-Nile virus E protein
DIII sequence. Plasmid pIC562 was expressed in E. coli
JM109. After ultrasonification of cells in lysis buffer (10
mM Tris-HCI, 5 mM EDTA, 0.03 mM PMSF, pH7.8), solu-
ble proteins were removed by centrifugation at 12 000 rpm
for 45 min. Fusion protein P562 (AP205 CP — WNV EDIII
fragment) was extracted from the pellet with 7M urea in
water and placed on a column with DEAE-cellulose,
pre-equilibrated with 0.02 M Tris-HCI, pH8.6. Protein P562
did not absorb and was collected by washing out with equil-
ibration buffer and sedimented with equal volume of satu-
rated ammonium sulphate. For immunisation, a solution of
P562 in 7 M urea was prepared.

The immunisation of five Balb/c mice was conducted by si-
multaneous peritoneal and subcutaneous injections of 25 ug
of purified virus-like particles in total volume 200 mpL,
supplemented with complete Freund’s adjuvant (Sigma) in
equal amounts. Two re-immunisations were conducted after
14 and 28 days in the same manner, but by using incom-
plete Freund’s adjuvant (Sigma) instead of complete
Freund’s adjuvant. Mice were bled after 42 days and the
collected blood was incubated for 30 min at +37 °C and for
20 min at +4 °C. After centrifugation serum was collected
and mixed with glycerol (1 : 1) for storage in —20 °C.

Permission from the Food and Veterinary Service was ob-
tained.

Polyacrylamide gel elecrophoresis and Western blotting.
PAGE was performed in Tris-glycine buffer with 21% reso-
lution gel and 6% stacking gel, and bands were sil-
ver-stained according to standard procedure. Western-blots
were made with rabbit polyclonal anti — GA CP VLPs (as
an antigen for antibody production, GA CP VLPs produced
in E. coli (from construction pGA-355-24) and protein A —
HR peroxidase conjugate (Sigma)) were used.

RESULTS

A set of plasmids was created to construct GA CP-based
mosaic particles and to develop in vivo packaging of VLPs
with the desired mRNAs (Table 1). The advantage of the
used commercial expression system pESC-URA is it uni-
versality, which allows to manufacture plasmids in E. coli
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OLIGONUCLEOTIDE PRIMERS USED FOR THE CONSTRUCTION OF PLASMIDS AND RT-PCR

Table 2

h\lucleotide sequence (5’ to 3°)

Oligonucleotide

PARS24 TTGGATCCACAATGGCTACTTTGAGATCATTTGTTTTGGT
PARS25 TTTAAGCTTAAGCATAGAAACCAGATTGAGAAGAAATA
pINC402 CCGAATTCACAATGGCTACTTTGAGATCA

pINC403 TAGCGGCCGCTTAAGCATAGAAACCAGATTGAGA
pDARI1 ATGAATTCGGATCCCCATGGGATATGGTCGTAAGAAAC
PARS18 TAGCGGCCGCAAGCTTACGCGTAGAAGCCACTCTGT
pINC354 TCGAATTCATGGCCCCTACTTCAAGTTCTAC

pINC355 ATGCGGCCGCTTAAGTCAGTGTTGAGATGATGC
pWNV-Kpn CATCCGGACAGTTGAAGGGAACAAC

pWNV-Mph GTATGCATTATTTGCCAATGCTGCTTCC

pINC356 ATGCGGCCGCTTATTTGCCAATGCTGCTTCC

pINC324 TCGAATTCATGGCCCCTACTTCAAGTTCTAC

pINC325 ATGCGGCCGCTTAAGTCAGTGTTGAGATGATGC
pINC413 TAGGATCCACAATGGCCCCTACTTCAAGTTCTAC
pINC414 TACAAGCTTAAGTCAGTGTTGAGATGATGC

pINC434 TAGGATCCATGGTGAGCAAGGGCGAGGA

pINC435 TCTAAGCTTACTTGTACAGCTCGTCCATGCC

pJAR18 TCGAATTCCATGGTGAGCAAGGGCGAGGA

pJAR19 GAGCGGCCGCAAGCTTACTTGTACAGCTCGTCCAT
pl.561 TGCCATGGCAACTTTACGCAGTTTCG

pl1.562 TGAAGCTTACGCGTAGAAGCCACTCTG

Restriction endonuclease sites are underlined; initiation and termination codons are in bold

as a host and therefore to involve vectors for expression of
VLPs in bacteria. Table 2 represents sequences of oligo-
nucleotide primers used to create constructs for VLP pro-
duction. To check the effect of codon changes made in the
CP coding part of the plasmid on the production of GA CP
VLP, we compared yields of capsids with previously ex-
ploited construction pFX-GA and the new construct pAS66
(Table 1).

Previous work had shown that, comparing the used S. cere-
visiae systems AH22/pFX-GA and YPH499/pESC-URA,
the first of them, which was formaldehyde inducible, gave
slightly higher yield of particles (Freivalds et al., 2008).
Hence just this system was chosen to compare yield of the
product coded by the original E. coli-specific sequence and
our ,,improved” plasmid pAS66. Using pAS66 we obtained
stably higher yield of particles, the process became more re-
peatable, and production reached two milligrams per one
gram of yeast cells. Therefore, in our further constructs for
the system of interest YPH499/pESC-URA (uracil auxo-
trophy), new CP coding sequences were exploited, except-
ing construct pDA21 with E. coli origin codons (Table 3).
We focused on two-promoter system possibilities, rather
than on the yield of products, as it is well known that S.
cerevisiae prefers glucose as a carbon source and its growth
rate is much higher in glucose than in galactose-containing
media, which is necessary for activation of both promoters
in pESC-URA. In all cases investigated till now, yield of
purified capsids was at least I mg per gram of yeast cells.
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Table 3

CHARACTERISTICS OF CONSTRUCTIONS EXPRESSED IN THE
SYSTEM Saccharomyces cerevisiae YPH499/PESC-URA FOR PRO-
DUCTION OF VLPS

Purpose Construction,| Promoters Genes
number
VLPs yields PAS65 GALLI GA CP
pIC971 GALIO  GACP
mosaic particles pDA21* GALLI GA CP
GALI10 HIV-Tat(48-60) + GA CP
pIC930 GALI GA CP
GALIO  GA CP+ WNV DIII
packaging in vivo pIC958 GALLI GA CP
of mRNAs GALI10 1L2
pIC972 GALI L2
GALI0O  GACP
pIC921 GALI1 GA CP
GALI10 GFP
pIC984 GALI GFP
GALI0O  GACP
* both GA CP coding sequences are E. coli origin
Protein modifications can occur in yeast — particularly

phosphorylation, which can affect up to 30% of the
proteome (Ptacek er al., 2005) and usually affects serine
residues (Cobitz et al., 1989). Phosphorylation of GA CP in
our cases was not observed, which is surprising, as each
129-aminoacid-long GA CP molecule contains 14 serines.
In the cases of VLPs produced from plasmids pAS65,
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Fig. 2. Analysis of VLPs by PAAG (A and B) and agarose gel (C) electro-
phoresis: A — silver staining of purified construction IC930 VLPs; B —
Western blotting of constructions 355-24 (1), IC930 (2) and DA21 (3); C —
purified VLPs from constructions 355-24 (1), IC930 (2) and IC972 (3).

pAS66, pIC930 and pICI58, two tests (proQ Diamond
phosphoprotein gel staining of CP in PAAG and incubation
with PME with subsequent electrophoresis of capsids in na-
tive agarose gel) did not show phosphorylation of GA (data
not shown). It is interesting that electrophoretic mobility of
GA CP-formed capsids from E. coli (355-24) and from
yeast (pIC930 and pIC972) was quite different in native
agarose gels compared with that of coat protein in PAAG
(Fig. 20).

We attempted to obtain mosaic particles consisting of native
CP and of CP fused with foreign sequences. Two such con-
structs, pDA21 and pIC930, were successfully expressed
(Table 3). In both cases, N- terminal (DA21) and C-terminal
(IC930) (Fig. 2A) fusions were involved (Fig. 3A). Two
products were obtained: particles with HIV-1 Tat sequence
48-60 (Vives et al., 1997) and with West Nile EDIII se-
quence (Martina et al., 2008) (Fig. 4A). Western-blot analy-
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Fig. 3. ELISA immunodetection: A — AS66 and IC930 VLPs with murine
polyclonal 562 antibodies against WNV EDIII; B — lysates from cells with
expressed construction pIC958 VLPs with anti-interleukin-2 antibodies;
displayed values are after subtraction of control (e.g., lysate from untrans-
formed YPH499 cells).

Proc. Latvian Acad. Sci., Section B, Vol. 66 (2012), No. 6.

Fig. 4. Electronmicroscopy of mosaic VLPs — construction IC930 (A) and
of VLPs with packaged IL-2 mRNA - construction IC972 (B).

sis gave convincing evidence of mosaic particles, as besides
monomers and dimers of GA CP, also bands of fused pro-
longed coat protein (Fig. 2B) were evident. Construct ex-
pression in pESC-URA vector allowed to obtain the HIV-1
Tat 48-60 sequence for study as a cell membrane-transduc-
ing address. Similar particles obtained by expression in E.
coli were not formed (data not shown). However, use of an-
other similar construct, in which GA CP was N-terminally
fused with the vMIPII fragment (not shown) resulted in
capsids in E. coli, but not in yeast. Therefore, the use of
both bacterial and yeast expression systems allow us to
broaden the set of mosaic virus like particles.

While considering that in the future we need packaged GFP
mRNA as a reporter for delivery experiments, two sorts of
mRNAs were packaged under control of both promoters
that resulted in four constructions: two for packaging of
green fluorescent protein (GFP) mRNA (constructions
IC984 and IC921) and two for packaging of IL2 mRNA
(constructions IC958 un IC972). After accurate purification
of produced VLPs, including sucrose density gradient ultra-
centrifugation to avoid even traces of “stuck’ nucleic acids,
capsids were treated with phenol and internal nucleic acid
was collected. Random hexamer primers indicate the total
RNA pool (Fig. 5, lines 1). Primer oligo(dT) allows to visu-
alise all mRNAs, as they have poly(A) tracts (Fig. 5, lines
2). The utilised experimental conditions allowed us to com-
pare amounts of mRNA by comparing material in specific
PCR product bands. Lines 3 (Fig. 5) showed negligible
amounts of GA coat protein mRNA, but cogent bands cor-
responding to GFP and IL2 coding sequences (Fig. 5, lines
4a—4d) demonstrated packaging of desired mRNAs in vivo
into particles.

DISCUSSION

Yeast provides a source of eukaryotic 5’-capped and
3’-poly(A)-tailed mRNAs, which is attractive considering
our goal to use GA VLPs as RNA packaging and delivery
tools in mammalian cells. Also, the absence of bacterial
endotoxins in yeast preparations is a good reason to choose
this system for in vivo packaging studies. In previous stud-
ies, genes of interest for packaging were inserted under con-
trol of the GallO promoter (Legendre and Fastrez, 2005;
Rumnieks et al., 2008). We also used this method, but with
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Fig. 5. Analysis of VLPs inner RNA contents
by agarose gel electrophoresis. RT-PCR
products for constructions 1C958, 1C972,
1C984 and 1C921 were compared with a set
of different primers: 1 — random hexamer
primers; 2 — oligo(dT)g primers; 3 — GA CP
primers (pl1.561 + p1.562); 4a — construction
1C958 with IL2 specific primers pINC324
and pINC325; 4b — construction 1C972 with
IL2 specific primers pINC413 and pINC414;
4c — construction 1C984 with eGFP specific
primers pJAR18 and pJAR19; 4d — construc-
tion IC921 with eGFP specific primers
pINC434 and pINC435. DNA Ladder 100bp
(Fermentas) was used as a marker (M). Ellip-
ses frame bands with densities corresponding

1C984

substituted constructions (Table 1, constructions plC972
and pIC984). It was previously shown that packaging of
heterologous mRNAs into GA CP particles occurred inde-
pendently of the presence or absence of the specific
stem-loop operator sequence (Rimnieks ef al., 2008). This
is consistent with the rather low specificity of GA coat pro-
tein to structure of the operator (Gott et al., 1991) and ex-
plains the encapsidation of different RNAs. Even in the case
of MS2 coat protein, which is well known as to form stable
replicative complex I (coat protein + operator sequence of
RNA), encapsidation efficiency and specificity to a greater
extent affects the concentration of mRNA rather than its
source (Picket and Peabody, 1993). Therefore, we were in-
terested in examining the yield of GA CP particles and their
RNA packaging capacity and specificity by changing pro-
moters for expression of structural coat protein and corre-
sponding mRNA.

Interleukin-2 is a secreted cytokine that is important for T-
and B- lymphocyte proliferation. IL2 is produced by T-cells
in response to antigenic and mitogenic stimulation and is re-
quired for T-cell proliferation and other activities crucial to
regulation of the immune response. IL2 can stimulate
B-cells, monocytes, lymphokine-activated killer cells and
natural killer cells. Despite of unclear, even negative or con-
tradictory results, IL2 still remains a promising therapeutic
tool for melanoma and glioma treatment (Fenstermaker and
Ciesielski, 2004; Albertini et al., 2008). In VLPs packaged
IL2, mRNA is foreseen for local treatment, when VLPs will
be able to deliver it into cells. Beside the liposomal
intracellular delivery system (Pakunlu et al., 2006), RNA
phage MS2 coat protein formed particles were demonstrated
as candidates for delivery of mRNAs into eukaryotic cells
(Legendre and Fastrez, 2005; Sun et al., 2011). These stud-
ies suggest that we are on the path to creating a drug deliv-
ery vehicle based on GA coat protein capsids.
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GA APVALKA PROTEINA ATVASINATO MOZAIKALO VIRUSIEM LIDZIGO DALINU EKSPRESIJA Saccharomyces cerevisiae

UN mRNS in vivo IEPAKOSANA DALINAS

Misu ieprieks€jie petijumi paradijusi, ka lielakais RNS bakteriofaga GA apvalka proteina veidoto virusiem lidzigo dalipu (VLD) ieguvums
ir ekspresgjot tas raugos Pichia pastoris; savukart, izmantojot Saccharomyces cerevisiae ekspresijas sistému, kapsidu ieguvums ir daudz
mazaks. Divi galvenie mérki turpmakajam studijam raugos Saccharomyces cerevisiae bija paaugstinat GA apvalka proteina veidoto VLD
ieguvumu, izmantojot konstrukcijas ar optimize€tu nukleotidu tripletu sekvenc€m, un izpetit iesp&jas, ko varétu sniegt divu promoteru
Gall/Gall0 satuross ekspresijas vektors pESC-URA vélamo mozaikveida VLD iegtiSanai un mRNS iepakoSanai VLD in vivo.
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