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An insect cell extract for cell-free translation was prepared using a Mini-Bomb cell
disruption chamber, a unique device which disrupts biological materials by altering the pressure
on these materials. The highest potential extract for cell-free translation was prepared from
the cell suspension at a density of 1.0X10? cells/ml, then disrupted at a nitrogen pressure of
10kg/cm?®. Furthermore, synthesized proteins were stable in this extract, but were degraded by
proteinase in an extract prepared with a Potter-Elvehjem homogenizer. The insect cell extract
showed efficient activity for translation of protein 2a and coat protein of the brome mosaic
virus, while inefficiently translating protein la and protein 3a. On the other hand, mainly
protein 3a and coat protein were translated in a wheat germ system, while mainly proteins 2a
and 3a were translated in a rabbit reticulocyte system. The insect cell-free system appears to
possess an unusual property for enhancing translation of exogenous mRNA, making it different
from the rabbit reticulocyte and wheat germ systems.

INTRODUCTION

Several types of cell-free translation systems, e. g., wheat germ (Erickson and Blobel,
1983), rabbit reticulocytes (Jackson and Hunt, 1983), Escherichia coli (Chen and Zubay,
1983), yeast (Hussain and Leibowitz, 1986), CHO (Moldave and Fischer, 1983), Ehrlich
ascites tumor cells (Henshaw and Panniers, 1983) and many other sources, have been
developed. Among these, the traditional systems, i. e., wheat germ extract, rabbit
reticulocyte lysate and E. col? extract systems, are widely used for synthesizing
endogenous and artificial proteins for characterization of the protein or in order to
elucidate the translational mechanisms. The productivities of these traditional systems
have steadily increased (Madin et al., 2000; Kawarasaki et al., 1995; Nakano et al., 1994;
Kim et al., 1996), though it is still difficult to compare in vivo with in vitro phenomena
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using the same sources. Cell--free protein synthesis systems from cultured cells have
been developed. However, the major disadvantage of these eukaryote cell-free systems is
comparatively low protein productivity. With attempts to increase the productivity of
existing systems, the development of a new system derived from another source has been
anticipated.

The insect cell-baculovirus expression system has been used for high level expression
of a wide variety of recombinant proteins. Insect cells infected with a recombinant
baculovirus have the potential to produce large amounts of foreign proteins when gene
expression is regulated by the very late polyhedrin and p10 promoters (Hara et al., 1993;
Lukow and Summers, 1988; Vlak et al., 1988). Many mammalian proteins which require
posttranslational modifications have been successfully expressed in recombinant
baculovirus infected insect cells (Lukow and Summers, 1988). These posttranslational
modifications which include glycosylation, cis—trans isomerasation of prolyl residues and
disulfide bond formation occur, or are facilitated, within the secretory pathway of
eukaryotic cells. Therefore, recombinant proteins that have to undergo these modifi-
cations must be targeted to the cellular secretory pathway. A cell-free translation system
derived from insect cells described by Scheper et al. (1997) had the properties of the
untranslated region (UTR) of the baculovirus pl0mRNA. This system was prepared
using a method of Drosophila cell-free system and the productivity and the charac-
teristics of the system were not described.

In order to prepare a highly efficient cell-free protein synthesis system, it is of the
utmost importance to extract components that participate in protein synthesis with high
efficiency. Furthermore, traditional cell-free protein synthesis systems such as the wheat
germ and rabbit reticulocyte cell-free systems cannot synthesize glycosylated protein. To
produce glycosylated protein, the addition of canine pancreatic microsomes to the
traditional cell-free protein synthesis system is necessary (Walter and Blobel, 1983).
Wheat germ is disrupted by grinding and reticulocytes burst in water, such that the
microsome in the wheat germ extract and reticulocyte lysate may also be disrupted or
burst. Likewise, most extracts derived from cultured cells are swelled in hypotonic buffer
and disrupted with the use of a tight-fitting Dounce homogenizer (Moldave and Fischer,
1983; Henshaw and Panniers, 1983), in which microsomes may also swell and undergo
homogenization. The osmotic shock can lead to inefficient translation and failure of
posttranslation.

- The Mini~Bomb cell disruption chamber (Mini~-Bomb) is a unique device designed to
disrupt many biological materials while allowing high activity to be preserved. In the
Mini-Bomb, compressed gas from a standard high-pressure tank is applied to the
biological material at the desired pressure. Following equilibration, the sample is released
through a needle valve. The sudden decompression causes controlled disruption of the
biological material. In a recent study (Tarui, Imanishi and Hara, unpublished results), we
introduced this device to achieve disruption of insect cells in order to prepare an extract
for cell-free protein synthesis. We found the insect cell-free system obtained to be capa-
ble of translating exogenous mRNA efficiently and of glycosylating the nascent
polypeptide in intact microsomes. However, the optimal conditions for cell disruption
with the Mini-Bomb were not established. Moreover, the insect cell-free system was not
fully characterized.
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In this experiment, the optimal conditions for cell disruption with the Mini-Bomb,
aimed at preparation of an insect cell extract retaining translation activity, were deter-
mined. In addition, we also found that the insect cell-free system had translatability
different from that of the wheat germ extract and reticulocyte lysate systems.

MATERIALS AND METHODS

Cell culture conditions

The IPLB-Sf21-AE 1 (Vaughn et al., 1977) was routinely maintained as a spinner
culture at 27 °C at densities between 0.1 and 1.5X 10° cells per milliliter in IPL—41 medium
(Gibco BRL Life Sciences) supplemented with 10% (v/v) heat-inactivated fetal bovine
serum (Gibco BRL Life Sciences).

Preparation of insect cell extract

Cells were harvested at a density of 1.0X10° cells /ml (4.0 X 10® cells total), then
washed three times with extraction buffer (40 mM Hepes-KOH pH 7.95 at 25°C, 100 mM
KOAc, 1mM Mg(OAc)., 2mM CaCl,, 4mM DTT). The cell pellet was resuspended in a
half volume of extraction buffer (approximately 1.0X 10? cells/ml). The cells in the
extraction buffer were transferred to the cold Mini-Bomb cell disruption chamber
(KONTES Glass Company, Vineland, NJ). The cell suspension was pressurized and
allowed to equilibrate for 30min at nitrogen pressure of 10kg/cm?. The cells were then
disrupted to flow under atmospheric pressure at the flow rate of 4ml/min. This
preparation (“pressate™) was kept on ice. The efficiency of cell lysis was checked by
counting the cells in a lysate diluted with extraction buffer and stained with trypan blue in
a hemocytometer under a microscope. For the Potter-Elvehjem homogenizer, a cell sus-
pension at a density of 1.0X 10® cells/ml was homogenized with 5 strokes of the
motor—driven Potter-Elvehjem homogenizer at 500rpm. The disrupted cells were cen-
trifuged for 15min at 14000 rpm at 4°C in a SW40Ti rotor. The pellet was discarded and
the supernatant (approximately 2ml) was collected and chromatographed through a
Sephadex G-25 fine column (16.0X 1.0 cm), previously equilibrated with column buffer
(40 mM Hepes—-KOH pH 7.95 at 25°C, 100mM KOAc, 5mM Mg(OAc),, 4mM DTT).
Fractions of 0.5 ml were eluted with the same buffer. The two fractions with the highest
RNA/protein concentration were pooled and aliquoted, immediately frozen in liquid
nitrogen, and stored at -80°C.

Prior to using the extract for cell-free protein synthesis, endogenous mRNA was
digested with micrococcal nuclease (Pelham and Jackson, 1976) as follows: 1ul of
nuclease (1000 U/ml) and 2l of 40mM CaCl; were added to 20l of extract diluted with
the same volume of water and incubated for 5min at 20°C. The digestion was stopped by
addition of 2l of 80mM EGTA. After the digestion reaction, 3.5ul of creatine phos-
phokinase (10mg/ml dissolved in 10mM Hepes—-KOH pH 7.95) were added to the
nuclease-treated extract.

Cell-free protein synthesis
The insect cell-free protein synthesis reaction (6ul) contained 3.2 ul of insect cell
extract, 20ug/ml of BMV mRNA, 20.6 mM Hepes-KOH (pH 7.95 at 25°C), 1.5mM
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Mg(OAc),, 100mM KOAc, 25mM DTT, 1.2mM ATP, 0.25mM GTP, 444 ug/ml creatine
phosphokinase, 8.0 mM creatine phosphate, 0.25mM spermidine, 0.32 1 of biotinylated
lysyl-t RNA and 25 £ M of 19 amino acids (minus lysine). Assays were carried out at 27 °C
for 90 min.

Detection of synthesized protein

Aliquots from the protein synthesis reactant were dissolved in SDS-sample buffer and
boiled for 5min. The obtained samples were electrophoresed on 10% polyacrylamide gels
together with molecular weight markers (Bio-Rad). Following electrophoresis, biotiny-
lated polypeptides were transferred to PVDF membranes. Non-specific binding sites
were blocked by incubation in 5% skim milk dissolved in PBS for 1 h at room temperature.
After washing the PVDF membranes three times with PBS containing 1% Tween-20, the
membranes were incubated with 1/1000 diluted streptavidin conjugated horseradish
peroxidase (HRP) (Amersham Pharmacia Biotech) for 1 h. Following washing as described
above, the transferred proteins were incubated with ECL reagents (Amersham Pharmacia
Biotech) for 1 min according to the supplier’s instructions. The biotinylated bands were
visualized by exposure to an X-ray film (Fuji photo film). Quantitation of products was
carried out using the computing densitometer Image Quant (Molecular Dynamics).

%
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— cell disruption
chamber
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Disrupted cells

Fig. 1. Mini-Bomb cell disruption chamber.
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RESULTS

Disruption efficiency with Mini-Bomb cell disruption chamber

With the aim of extracting intact translation machinery, the Mini-Bomb was used to
break the cell membrane. The Mini-Bomb is a device designed to disrupt biological
materials with nitrogen pressure. Figure 1 illustrates the Mini-Bomb. The cell suspen-
sion of biological materials in the Mini-Bomb was placed under pressure, from nitrogen
gas derived by a pressure tank, and equilibrated for an adequate time. The needle valve
was opened gently and slowly such that the entire suspension was extruded through the
orifice. Alteration of nitrogen pressure and flow rate resulted in controlled disruption.
Furthermore, nitrogen gas prevents the biological materials from oxidating.

The pressure placed on the cell suspension might be the most remarkable factor
contributing to the disruption of cells while allowing translational efficiency to be
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Fig. 2. Disruption efficiency of Sf21 cells using the Mini-Bomb

cell disruption chamber and the Potter-Elvehjem
homogenizer.
S£21 cell (4.0X10° cells ) suspensions in 4 ml of extrac-
tion buffer were placed in a cold Mini-Bomb and then
equilibrated for 30 min under nitrogen gas pressure, as
indicated. The suspensions were then released from the
Mini-Bomb at a flow rate of approximately 4 ml/min.
The suspended cells were also disrupted by 5 strokes at
500 rpm with a motor-driven Potter-Elvehjem homoge-
nizer. The disrupted cells were stained with trypan blue
to visualize the nuclei and counted in a hemocytometer
under a microscope. Incomplete disruption was indicat-
ed by persisting nuclei. The number of cells disrupted
completely or incompletely was indicated as solid bars or
hatched bars, respectively. Open bars indicated undis-
rupted cells. The disruption efficiency achieved with the
Potter-Elvehjem homogenizer is indicated by column H.
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retained. Figure 2 shows the effect of nitrogen pressure on the degree of cell membrane
disruption. When a nitrogen pressure of 5kg/cm? was applied, the membranes of half of
all cells placed in the Mini-Bomb were ruptured, though nearly 40% of the nuclei
remained intact. More than 80% of cells placed in the Mini-Bomb were disrupted at a
nitrogen pressure of 15kg/cm? or higher. Even though the higher-pressure treatment
resulted in more efficient disruption, nuclei and other organelles were more likely to be
damaged, resulting in contamination of the pressate with these components. In contrast,
lower pressure (2kg/cm?) treatment caused inefficient disruption. Only about 30% of all
cells were disrupted when the motor—driven Potter-Elvehjem homogenizer was used.
Furthermore, half of the cells placed in the Potter-Elvehjem homogenizer were disrupted
incompletely and cytosol of the cells remained with partially damaged cell membranes.
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Fig. 3. Effect of nitrogen gas pressure on protein productivity of the insect cell extract.

(A) Following preparation of the insect cell extracts from 4.0 X 10® cells disrupted using
the Mini-Bomb cell disruption chamber at nitrogen pressures of 5 (lanes 1, 2), 10 (lanes
3, 4) and 15 (lanes 5, 6) kg/cm?, translational reactions were carried out with (lanes 2, 4
and 6) or without (lanes 1, 3 and 5) BMV mRNA in the presence of biotinylated
lysyl-tRNA, as described in Materials and Methods. Biotinylated polypeptides were
separated on a 12.5% SDS-PAGE gel and transferred to PVDF membranes. The
biotinylated bands were visualized using HRP-streptavidin and an ECL kit. (B) Relative
productivity was densitometorically estimated by calculating the amounts of protein 2a
and coat protein synthesized. The amounts of protein 2a and coat protein synthesized,
in the extract prepared with a nitrogen pressure of 10 kg/cm?, were each set at 100%.
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Cell-free translation of BMV mRNA

The insect cell extract preparation and the conditions of cell-free translation were
based on a method described by Erickson and Blobel (1983) for preparation of wheat
germ extract, with minor modifications. Cell-free translation in an insect cell extract was
carried out with addition of brome mosaic virus (BMV) mRNA as an exogenous mRNA.
The BMV has three genomic RNAs (RNAs 1-3) and one subgenomic RNA4 (Shin et al.,
1972; 1976; Bastin et al., 1976). RNAI1-3 and subgenomic RNA4 code proteins la, 2a, and
3a and coat protein, respectively. When the BMV mRNAs were translated in the insect
cell-free system, mainly two types of protein, i. e., protein 2a and coat protein, were
synthesized (Fig. 3A). Hence, in this experiment, the protein productivity of the insect
cell-free system was monitored according to the amounts of protein 2a and coat protein
synthesized.

Optimal disruption conditions with the Mini-Bomb cell disruption chamber

Optimal disruption conditions for preparing a high productivity extract were sys-
tematically determined, in terms of nitrogen pressure, cell density upon placement in the
Mini~Bomb, equilibration time and flow rate.

B Protein 2a
E3 Coat protein

Relative productivity (%)

1 2 4 6
Cell number (x 102 cells/ml)

Fig. 4. Effect of cell density on protein productivity of insect
cell extract.
Following the placement of the cell suspensions at
various densities as indicated into the Mini~-Bomb, the
suspensions were subjected to 10kg/cm? nitrogen pres-
sure and allowed to equilibrate for 30 min. After disrup-
tion, the extracts were prepared from the obtained
pressate as described in Materials and Methods. After
translation with BMV mRNA in the extracts, biotinylated
products were detected using HRP-streptavidin and an
ECL kit, as described in Materials and Methods. The
product amounts were estimated densitometorically.
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First, the effect of nitrogen pressure on protein productivity was examined (Fig. 3).
Harvested cells (4X 10® cells) were resuspended to 4ml in extraction buffer and
subjected to a pressure of 10kg/cm? for 30 min, after which the cells were disrupted with
decompression. The extracts derived from the pressate prepared at a nitrogen pressure
of 10kg/cm? had the highest productivity of both protein 2a and coat protein.
Higher-pressure treatment disrupted insect cells efficiently, but reduced the protein
productivity of the obtained extract. Higher-pressure treatment appears to be excessive
for preparing the extract for celi-free translation, as the translation machinery may also
be damaged with higher nitrogen pressure.

Secondly, the influence of suspension at various cell densities applied to the chamber,
on the protein productivity of the obtained extract, was examined. Harvested cells were
resuspended to 4ml in extraction buffer at various cell densities and subjected to a
pressure of 10kg/cm?® for 30min, after which the cells were disrupted with
decompression. Figure 4 shows the protein productivity of the obtained extract. The
highest productivity was observed in the extract prepared from cell suspensions of 1.0
and 1.5X 108 cells/ml, which represent the suspension in the buffer of half of the packed
cell volume and the cell pellet obtained with centrifugation at 600X g for 10min,

100 1

[2.¢]
(=}

B Protein 2a
F1 Coat protein

P
(=1

Relative productivity (%)
3

20

5 10 15 30 60

Equilibration time (min)

Fig. 5. Effect of equilibration time on protein productivity.
Following the placement of cell suspensions (1.0X10®
cells/ml) into the Mini-Bomb, the suspensions were
subjected to 10 kg/cm? nitrogen pressure and allowed to
equilibrate for various times. After disruption, the
extracts were prepared from the obtained pressate, as
described in Materials and Methods. After translation
with BMV mRNA in the extracts, biotinylated products
were detected using HRP-streptavidin and an ECL kit,
as described in Materials and Methods. The product
amounts were estimated densitometorically.
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respectively. These results indicate that the Mini-Bomb has the ability to efficiently
extract intact translation machinery from cells suspended at a high density.

Next, the effect of equilibration time on the protein productivity of the extract
prepared from pressates obtained using various equilibration times was examined. After
applying a pressure of 10 kg/cm? on suspensions of 1.0 X 10® cells/ml, the suspensions were
equilibrated for desired periods (Fig. 5). We found that the cell suspension needed to
equilibrate for at least 15min to acquire efficient translation activity. At this time point,
the nitrogen gas may prevent the pressate from being oxidized and inactivated.

Finally, the influence of the flow rate at the decompression step on protein
productivity was examined. Extracts derived from the pressate extruding through the
orifice at flow rates of 12, 4 and 1ml/min produced essentially the same amounts of
protein 2a and coat protein (data not shown). The flow rate thus had no influence on the
protein productivity of the obtained extracts.

Translation efficiency and stability of synthesized proteins

To clarify the usefulness of the Mini-Bomb for producing the extract for cell-free
protein synthesis, the translation efficiency of the insect cell extract was compared with
that of the extract prepared with the Potter-Elvehjem homogenizer. The insect cell
extract was prepared with the Mini-Bomb or the motor-driven Potter-Elvehjem
homogenizer under optimal conditions, determined in accordance with the amount of
protein produced in a 90 min period (for Potter-Elvehjem homogenizer, data not shown).
The extracts prepared with the Mini-Bomb and the Potter-Elvehjem homogenizer had

100 1 1001
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Fig. 6. Time course of protein synthesis in insect cell extracts prepared with the
Mini-Bomb and the Potter-Elvehjerm homogenizer.
Translation reactions were carried out with BMV mRNA in insect cells
prepared with the Mini-Bomb (@, or the Potter-Elvehjem homogenizer
(O,[0), as described in Materials and Methods. Relative productivity was
estimated densitometorically by calculating the amounts of protein 2a and
coat protein synthesized. The amounts of protein 2a and coat protein
synthesized in the each of the extracts were set at 100%.
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Fig. 7. Comparison of translational profile among various cell-free
systems.
Translation of BMV protein with the insect cell-free system was
carried out in the presence of biotinylated lysyl-tRNA under the
optimal conditions as described in Materials and Methods.
Cell-free translations with wheat germ extract and reticulocyte
lysate were carried in the presence of biotinylated lysyl-tRNA
according to the supplier’s instructions. Reaction mixtures of
5ml were separated on a 12.5% SDS-PAGE gel and transferred
to a PVDF membrane. The biotinylated bands were visualized
using HRP-streptavidin and an ECL kit.

similar rates of protein synthesis (Fig. 6). Translations of both protein 2a and coat
protein persisted for about 90 min in the insect cell extracts prepared with the Mini—
Bomb and the Potter-Elvehjem homogenizer. After termination of the reaction, the
synthesized proteins were stable in the reaction mixture of the extract prepared with the
Mini-Bomb. In contrast, both protein 2a and coat protein, synthesized in the extract
prepared with the Potter—Elvehjem homogenizer, were degraded over time and about
60% of synthesized coat protein had degraded within 180 min. Potter-Elvehjem homog-
enizer treatment may disrupt lysosomes and release proteinase, leading to the
degradation of synthesized proteins.

Comparison of translational ability among various cell-free systems

To clarify the specificity of the insect cell-free system, BMV mRNA was translated in
the insect, wheat germ and rabbit reticulocyte cell-free systems. When the BMV mRNAs
were translated in the insect extract system, mainly two kinds of protein, i. e. protein 2a
and coat protein, were synthesized (Fig. 3, 7). However, protein la and protein 3a were
not clearly visualized. In contrast, protein 2a and protein 3a were mainly detected in the
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reticulocyte lysate system, and protein 3a and coat protein in the wheat germ extract
system. Thus, the translation of BMV mRNAs was controlled in a cell-specific manner.
These observations suggest translational regulation of the insect cell translation
machinery to be specific to the wheat germ or rabbit reticulocyte systems.

DISCUSSION

The Mini-Bomb cell disruption chamber is an apparatus designed to achieve
disruption of several materials including cells and intracellular components. Gas from a
high-pressure tank is introduced into the Mini-Bomb where it is applied to individual
cells during the pressure cycle. When the pressurized cell suspension is suddenly
exposed to atmospheric pressure, the gas expands and ruptures the cells forming a
pressate. Unlike mechanical shearing methods based on the Potter-Elvehjem homog-
enizer or the Dounce homogenizer which rely on bringing external forces into contact
with each individual cell, this nitrogen disruption method uniformly ruptures all cells in a
suspension. The cell disruption can be controlled by simply varying the nitrogen
pressure. The nitrogen disruption method prevents cytosol proteins from being
inactivated by oxidation, which is sometimes sustained by mechanical shearing methods
operating in air. Many chambers operate on the same principle and are used for a variety
of purposes. For example, the Yeda press is widely used for several biological materials.
Under low pressure, it is used to yield a preparation of Class A chloroplasts (Belknap and
Togasaki, 1981), intact mitochondria (Belknap and Togasaki, 1981), outer and inner
envelope membranes from chloroplasts (Block et al., 1983) and to isolate inside-out
thylakoid membrane vesicles from chloroplasts (Anderson et al., 1980). The Yeda press
is also used for complete disruption of the organelle membrane, aimed at isolating
biologically active proteins within the organelle membrane (Walker and Harwood, 1985),
which are difficult to dislodge from the membrane by osmotic shock. The nitrogen
disruption method is suitable for breaking down biological materials such as cell and
organelle membranes.

In this experiment, the optimal conditions for cell disruption using the Mini-Bomb
were determined based on translational efficiency. The cell disruption efficiency
increased with rising nitrogen pressure. The degree of disruption was found to be
controlled by varying the nitrogen pressure. Furthermore, compared to the Potter—
Elvehjem homogenizer, the Mini~-Bomb was capable of disrupt cells with high efficiency,
while allowing the translation efficiency of the cells to be retained. The protein
concentration of the extract prepared with the Mini—-Bomb, at a nitrogen pressure of
10 kg/em?, was approximately 3—fold that of the Potter-Elvehjem homogenizer (data not
shown). More severe treatment with the Potter-Elvehjem homogenizer reduced the
translational efficiency (data not shown). The Dounce homogenizer, which is generally
used to homogenize cultured cells, was unable to homogenize insect cells as it was less
efficient than the Potter—Elvehjem homogenizer (data not shown).

A higher protein concentration, in the extract condensed with ultrafiltration
membranes, raises the translation efficiency (Nakano et al., 1994; Kim et al., 1996).
Although the rate of protein synthesis was increased with condensed extract, microsomes
in the insect cell extract are apparently damaged and we speculate that a posttranslation
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factor, serving as a signal recognition particle, might also be eluted through the
ultrafiltration membrane during the condensation procedure.

To increase the protein concentration of the extract without condensation, the cell
density of the cell suspension needs to be increased. Usually, when extracts for cell-free
translation are prepared from various cultured cells, the cell pellets are resuspended in
packed cell volumes of hypotonic buffer the same to three times volume, then allowed to
swell for efficient homogenization. Conversely, the Mini-Bomb allows disruption of the
cells resuspended in half the volume of packed cells or even the cell pellet obtained by
centrifugation at 600X g for 10min. In this experiment, the extract derived from celis
suspended in extraction buffer, instead of hypotonic buffer, (at a density of 1.0 X108
cells/ml) had more than double the protein productivity of the extract derived from cells
suspended in 2 volumes of extraction buffer (at 0.5X10® cells/ml). The ability to disrupt
the cell suspension at high density resulted in the insect extract having high protein
productivity. These observations showed the Mini-Bomb, which has properties of
controlled and efficient disruption, to be a suitable device for preparing the extract for a
cell-free protein synthesis system. Furthermore, time course analysis revealed synthe-
sized protein to be stable in the reaction mixture derived from the extract prepared with
the Mini-Bomb. In contrast, synthesized proteins in the reaction mixture derived from
the extract prepared with the Potter-Elvehjem homogenizer were not stable. This
obsevation suggested that the Mini-Bomb may only disrupt the cell membrane, leaving
organelles, i. e. lysosome, of the cells with intact. That is in agreement with the finding
that the extract prepared with the Mini-Bomb had intact microsomes and had the ability
not only to synthesize protein, but also to glycosylate the protein in the microsomal
lumen. However, the extract prepared with the Potter-Elvehjem homogenizer failed to
synthesize glycosylated protein, producing only the polypeptide backbone (Tarui,
Imanishi and Hara, unpublished results).

The insect cell extract, in particular, translated protein 2a and coat protein (Fig. 3,
6). The 3-UTRs of the four RNAs of BMV contain 3'-terminal nucleotides forming a
tRNA-like structure which stimulates the translation of capped (Daniel and Kobayashi,
1994) or uncapped mRNA (Karpova et al., 1995). However, the region of four RNAs
might not affect cell-specific translation because these RNAs have high similarity in this
region (Ahlquist et al., 1981). The effect of 5~-UTR of BMV mRNA on translation remains
unclear. The intrinsic translational efficiency of the mRNA is dependent on cis—acting
elements alone or a cis—acting element with the trans—acting factors. Several cis-acting
elements exist on 5-UTR which enhance or inhibit the translational efficiency of
eukaryotic mRNA (Yamaguchi et al., 1982; Imataka et al., 1994; Roberts et al., 1997). For
instance, the 5-UTR of growth related protein p23, which affects cell-specific translation
efficiency, inhibits translation efficiency in Ehrlich ascites tumor cells, reticulocyte lysate
and Xenopus oocytes, whereas the 5-UTR does not affect translation efficiency in the
wheat germ extract (Bohm et al., 1991). The 5-UTRs of RNAs that contain cap struc-
tures at the terminus of each mRNA show weaker homology, except for RNAs 1 and 2
(Alilquist et al., 1984). The 5-UTR of BMV RNAs 1 and 2 share substantial homology,
there being only two mismatches between the first 42bp, though the remaining 74 bp
5-UTR of RNAI1 constitute a subset of the 103bp 5-UTR of RNA2. Although some
regions of the 5'~-UTR of RNA3 bear distinguishable homology to RNA1 and 2, the
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remainder show no such homology. Cell-specific translation of RNA2 and RNA3 observed
among these cell-free protein synthesis systems is probably regulated by the cis—-acting
element on the non-homological region of these 5'-UTRs. Conversely, the RNA4 of BMV
has the 5'-UTR of a short non—coding region of 9 nucleotides (Ahlquist et al., 1984),
which might be too short to construct a secondary structure at this region to act as the
cis—acting element. The rate of RNA4 translation might be limited by affinity of the cap
binding protein elF 4E to 5’ cap structure.

We found the novel Mini-Bomb device to be useful for cell breakage, aimed at
preparing an extract for cell-free protein synthesis. Moreover, insect cell extracts, pre-
pared with this device, had the unique property of allowing proteins synthesis, a property
lacking in traditional rabbit reticulocyte lysate and wheat germ extract systems.

Many proteins are routinely synthesized using either a rabbit reticulocyte cell-free
system or a wheat germ cell-free system. An alternative system is used in the event of
one system not being able to synthesize a particular protein efficiently. This insect cell-
free system may serve as a novel assay system because of its unique enhancement of
mRNA translation, as compared to the traditional systems.
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