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in the solution. For in vivo expression, however, the temperature is often
stable, and denaturation/reannealing is not practical. Misfolded RNA
products can be degraded rapidly. Predicted conformation of RNA during
transcription needs to be taken into consideration for in vivo RNA

expression.

Acknowledgement: This RNA folding project was initially carried out by Dan
Shu, who finished the in vitro study and concluded that long interference
sequence in 5'-end would disturb the folding of MG aptamer. | would like to
thank Dr. Shu for allowing me to join this project and | am glad to contribute
to this project with my skills in bacterial expression. Unlike the in vitro study,
we were not able to get quantitative data for in vivo assessment because
denaturation/reannealing is impractical in living cells. However, the in vivo
results show some synergy with the in vitro data. The in vitro conclusion that
long interference sequence in 5'-end will disturb RNA folding was supported

by the fact that these RNA designs were degraded in vivo.

Figure 3 Folding assay of in vivo expressed pRNA-3WJ MG-apt.
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(A) RNA construct design for in vivo folding studies. (B) 8% PAGE gel with 8
M UREA, showing in vivo RNA products. For constructs 5'+12 and 5'+15,
whose folding could be disturbed by the interfering sequence in vitro, there
was no correct product found in vivo.

Chapter 3 Expression of RNA nanoparticle harboring
multiple functional elements in E. coli using tRNA

scaffold

3.1 Background

So far, methods of massive production and purification in bacteria are only
available for proteins. Most of the RNAs used in research are prepared by in
vitro transcription or chemical synthesis, which can be costly in large scale or
when producing long RNAs. Although in vivo expression of RNA has been
considered as an alternate method, there are some obstacles. For example,
RNA without a certain structure is vulnerable to RNase and can be degraded
rapidly in living cell. The low efficiency of termination can often result in

heterogeneous products. [52] Also, large scale purification of certain RNA
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products can be difficult. Therefore, scaffolds based on native RNAs have
been developed to protect RNA products from degradation, as well as
allowing them to be processed by cellular enzymes. tRNA and 5S rRNA
have been proven effective scaffolds for recombinant RNA expression. [2, 6]
The stability and high copy number of tRNA make it a promising scaffold for
large scale expression. In previous applications the exogenous RNA
sequence is inserted into the anticodon loop. Insertions up to approximately
300 nucleotides have been successfully expressed using the tRNA scaffold
in E. coli. [2]
Our lab has developed a tetravalent X-shaped RNA motif based on the
pRNA-3WJ, which is able to carry up to four different RNA modules. For
therapeutic RNA nanoparticles, multiple functional modules are often
needed to be integrated into one molecule. [36] For example, one affinity tag
is required to purify the RNA after production (e.g. streptavidin aptamer or
sephadex aptamer), similar to his-tag or strep-tag in proteins. One
fluorogenic tag is required to detect the transportation, folding and
degradation of RNA after delivery (e.g. MG aptamer or spinach aptamer).
Finally, one or more therapeutically active elements (e.g. SiRNA, ribozymes,
or riboswitches) are the most important part of therapeutic RNA nanoparticle.
The 3WJ or X-shaped motif can not only integrate multiple modules into one
RNA particle, but can also stabilize the folding of these modules.

Here we report a method of combining both tRNA scaffold and 3WJ to
make an RNA nanoparticle harboring multiple functional modules that can be
expressed in E. coli in large scale. Although the pRNA can not be expressed

in E.coli, the attempt of protecting the pRNA by tRNA scaffold is successful
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[2]. Therefore, we hypothesize the 3WJ motif is also capable for E.coli

expression with tRNA scaffold.

3.2 MATERIALS AND METHODS

3.2.1 Design of RNA construct

An X-shaped motif was constructed by combining one 3WJ and one
reversed 3WJ. One of the four arms of the X-shaped motif was connected to
the anti-codon loop of E. coli tRNALys3. The MG aptamer, streptavidin
aptamer, and HBV ribozyme were connected to the other three arms. (Fig.

4B) This RNA will be described hereafter as tRNA-MG-HBV-STV.

3.2.2 Construction of expression vector

The tRNA expression vector was constructed using the method developed
by L. Ponchon and F. Dardel. [2] The Ipp promoter, rrnC terminator, and
several restriction sites were inserted between Sacl and Xhol sites of
pBluescript 1l SK (+/-) (pBS). (Fig. 4A) (The construction was done by
Keyclone Technologies). This plasmid will be described hereafter as
pBS-Ipp.

Template DNA sequence of tRNA-MG-HBV-STV was acquired by
overlap PCR and cloned between EcoRI/Hindlll sites in plasmid pBS-Ipp.
The cloning was completed in E. coli strain DH5a. The recombinant plasmids

were verified by sequencing (GENEWIZ).

3.2.3 RNA expression and extraction

E. coli strain DH5a containing pBS-Ipp with tRNA-MG-HBV-STV sequence

inserted was inoculated into 1 liter of LB medium containing 100 pg/mi
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ampicillin and was grown at 37°C shaker at 250 rpm for 16 hr. Cells were
pelleted and resuspended in 10 ml of 10 mM magnesium acetate, 1 mM
Tris-HCI, pH 7.4 (buffer L; Ponchon et al. [50]). The total soluble RNAs were
extracted using 12 ml of water saturated phenol (pH 4.5) (Fisher). The
agueous phase was ethanol precipitated then dissolved in 1.5 ml of 0.05%

DEPC treated water.

3.2.4 Purification of tRNA-MG-HBV-STV from agarose gel

The extracted RNA was loaded into 1% agarose gel and separated by
electrophoresis at 121 V for 30 min in 1x TAE buffer (40 mM Tris-acetate, 1
mM EDTA, pH 8.0). The band of tRNA-MG-HBV-STV was cut down and
sealed in a dialysis bag (3000 MWCO) with 1 ml of TAE. The bag was put
back to the electrophoresis chamber and the electrophoresis was continued
at 150 V for 15 min. In the last 30 s of the electrophoresis, the electrodes
were inverted to release the RNAs attached to the dialysis bag. After
electrophoresis, the solution inside the bag was collected. The purified RNAs

were concentrated by ethanol precipitation.

3.2.5 Streptavidin binding test
The tRNA-MG-HBV-STV sample was loaded to streptavidin resin in 1x PBS

buffer (137 mM NacCl, 2.7 mM KCI, 10 mM Naz;HPOg4, 1.8 mM KH;PO, ) [13]
containing 10 mM of additional MgCl,. The resin was washed by the same
buffer. Then, the RNA was eluted by 5 mM of biotin. Samples were collected
during washing and elution and verified in 8% 8 M UREA PAGE in 1x TBE by

MG and EB staining, as described in 2.2.6. [9]
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3.2.6 HBV ribozyme cleavage assay

The DNA substrate of HBV ribozyme was tagged by Cy3. The cleavage
reaction was performed at 37°C in 20 mM Tris (pH 7.5) and 20 mM MgCiI; for
60 min. An in vitro transcribed, pRNA escorted HBV ribozyme was used as
positive control of cleavage. The result of cleavage was confirmed in 8% 8 M

UREA PAGE in 1x TBE. [10]

3.3 Result and Discussion

3.3.1 Verifying the function of MG aptamer, streptavidin aptamer,
and HBV ribozyme

In vivo product of pRNA-MG-HVB-STV was able to bind streptavidin resin.
Bound RNA can be eluted competitively by 5 mM biotin. (Fig. 5B) The
cleavage of HBV ribozyme had been confirmed (Fig. 5A), however, the
efficiency of cleavage was lower than the positive control (pbRNA escorted
HBV ribozyme, lane 2). This could be caused by the structure of RNA rather
than in vivo expression, since both in vivo expressed and in vitro transcribed
pRNA-MG-HVB-STV presented similar cleavage efficiency. It was possible
that different modules in the RNA molecule could interfere with each other,
since the result of HBV ribozyme was positive. The MG fluorescence was
detected even in the denaturing gel (Fig. 5A). Connecting to the 3WJ would
stabilize the MG aptamer, protecting its conformation under the presence of
8 M UREA.

The design of pRNA-MG-HVB-STV is an example of hypothesized
therapeutic RNA nanoparticle. After production, it can be purified using

streptavidin column. The HBV ribozyme is a therapeutic module which can
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destroy viral genome. After delivery, the presence of the RNA can be
observed by MG fluorescence. Our laboratory has created a lot of RNA
nanoparticles based on pRNA 3WJ, harboring multiple functional modules.
[36, 53] The result of this experiment reveals the possibility of massive

production of these RNA nanoparticles in bacteria.

3.3.2 Theyield of RNA production
Roughly 5 mg of purified pPRNA-MG-HVB-STV was acquired from 1 L of E.

coli culture. This is less than the reported yield (10-50 mg) of other
recombinant RNAs based on tRNA scaffold. [2] One possible reason of the
reduction in yield is the HBV ribozyme, which has a single strand region in its
hammerhead. Single strand regions are vulnerable to RNases even when
they are in the middle of the RNA. Another possible reason is that our RNA
was purified from agarose gel, in which more samples could be lost when

comparing with the chromatography used by L. Ponchon and F. Dardel. [1,2]

3.4 Conclusion

The pRNA 3WJ is a potential scaffold for therapeutic RNA nanopatrticles, it is
able to harbor multiple elements and stabilize them. Until now, these
pRNA-based nanoparticles were made mainly by in vitro transcription. In this
project we incorporated the 3WJ and the tRNA scaffold to express
3WJ-based RNA nanoparticles in E. coli. The in vivo product of
pRNA-MG-HBV-STV has been acquired successfully, with all three modules
proving functional, thus demonstrating the viability of massive production of

3WJ-based RNA nanoparticle in vivo. The current method is not perfect,
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yet. Further study is required to improve the yield of expression, as well as

the compatibility of different modules.
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Figure 4 Design of tRNA-MG-HBV-STV

(A) The expression region of tRNA expression vector (refered as pBS-Ipp).
The Ipp promoter, rrnC terminator and several restriction sites are inserted
between Sacl and Xhol sites of pBluescript Il SK (+/-) (pBS). (Keyclone
Technologies). (B) Construct of tRNA-MG-HBV-STV. The MG aptamer,
streptavidin aptamer, and HBV ribozyme were incorporated into the
anti-codon loop of E. coli tRNALys3 using an X-shaped motif.
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Figure 5 Activity of the aptamers and ribozyme in tRNA-MG-HBV-STV

(A) HBV ribozyme cleavage of DNA substrate labeled by Cy3. Cy3 channel
shows the DNA substrate, MG channel shows tRNA-MG-HBV-STV, EB
channel shows all DNAs and RNAs. Lane 1: substrate only. Lane 2:
substrate and HBV ribozyme escorted by pRNA as positive control of
cleavage, cleaved substrate appears as a lower band in Cy3 channel. Lane
3: substrate and cell-expressed tRNA-MG-HBV-STV, cleavage detected in
Cy3 channel, the MG fluorescence of tRNA-MG-HBV-STV detected at Cy5
channel. Lane 4-5: substrate and in vitro transcribed tRNA-MG-HBV-STV,
cleavage detected in Cy3 channel, the MG fluorescence of
tRNA-MG-HBV-STV detected at Cy5 channel. Lane 6: tRNA-MG-HBV-STV,
purified from cell. Lane 7: tRNA-MG-HBV-STV, made by in vitro transcription.
(B) MG fluorescence and streptavidin binding. The tRNA-MG-HBV-STV
sample was extracted from E. coli and purified from agarose gel. 1:
tRNA-MG-HBV-STV before loading to streptavidin column, 2: unbound RNA,
3: wash 4-5: elution.

Acknowledgement: Thanks to Dan Shu for the gel images.
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Figure 6 AFM image of tRNA-MG-HBV-STV
tRNA-MG-HBV-STV expressed in E. coli and purified from gel. An overall “X”
shape is apparent. (scale: nm)
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Chapter 4 RNA Expression in Bacillus subtilis Using
Phi29 pRNA as Scaffold

4.1 Background

An efficient method of recombinant RNA expression has been developed in
E. coli using tRNA and 5S rRNA as a scaffold. [2, 6] However, until now, not
a lot of attempts have been made to express recombinant RNAs in
gram-positive bacteria.

Currently most of the RNA extraction kits and reagents are primarily
designed for animal cells. When applied to bacteria, cell lysis can become a
problem. Gram-negative bacteria like E. coli are often lysed under harsh
conditions (e.g. SDS/NaOH, phenol). [50, 54] These reagents make the kits
unavailable. Additionally, phenol or detergents need to be removed after
RNA extraction, or they may denature the RNA product. Most RNA
extraction kits suggest crushing the bacteria cells mechanically using a
homogenizer or a French Press. However, RNA degradation should be
taken into consideration since cellular nuclease will not be deactivated in this
way. On the other hand, the cell wall of gram-positive bacteria can be
removed by lysozyme, leaving the protoplasts. [55, 56] Protoplasts can be
simply lysed using the same method as animal cells, and the reagents are
often offered in the Kkits.

Our lab has developed many RNA nanoparticles based on phi29 pRNA
or 3WJ. [10, 36, 53] Most of them are prepared by in vitro transcription. In
one of our previous studies, pRNA was designed as a scaffold to escort the

HBV ribozyme. Animal cells were transfected by DNA sequence of pRNA
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with HBV ribozyme insertion. The cleavage activity of HBV ribozyme was
confirmed in the cells. [10] However, no efforts had been made to observe or
extract the RNA product, and the amount of RNA product was not
determined. To study the function of pRNA, wild-type pRNA has been
expressed in B. subtilis, as well as pRNAs with several modified bases. [24]
But, pRNA’s capacity of being a scaffold to escort functional elements in
large scale expression has not been verified.

The strategy of expressing recombinant RNAs in E. coli uses a natural
RNA (tRNA or 5S rRNA) as scaffold to deceive the cell, rendering the
exogenous RNAs as harmless natural products. The structure of the scaffold
plays an important role of the stability of RNA product. [2, 6] Unfortunately,
phi29 pRNA is recognized as alien by E. coli. Although we have been able to
express the pRNA-3WJ in E. coli using T7 expression system, applying the
same method to full-length pRNA results in degradation of RNA product. On
the other hand, B. subtilis is the natural host of phi29, and pRNA is rather
stable in B. subtilis. The full gene of wild-type pRNA, including the promoter
and terminator, has been cloned into a plasmid for B. subtilis expression.
The amount of pRNA product has been satisfying. [24] Here we report the
result of the RNA expression in B. subtilis, using phi29 pRNA as scaffold to
escort exogenous RNA modules. We hypothesize that some regions of the
pRNA can be replaced by functional RNA elements while the RNA is still

stable in B.subtilis.
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4.2 MATERIALS AND METHODS

4.2.1 Design of RNA constructs

We used fluorogenic RNA aptamers because they are easily detected. In our
first attempt, MG aptamer was inserted into the left-hand loop of pRNA
(PRNA-MG). (Fig.7A) In another design, the head-loop of pRNA was
replaced by spinach aptamer (pRNA-spi). (Fig.7B) To test pRNA’s capacity
to harboring more than one functional module, both MG aptamer and
spinach aptamer were integrated into the left-hand loop of pRNA using a
reversed 3WJ (pRNA-MG-spi). (Fig.7C) Template DNA sequences of

pPRNA-MG, pRNA-spi, and pRNA-MG-spi were acquired by overlap PCR.

4.2.2 Construction of expression vector

Shuttle vector pHT315 has been created by O. Arantes and D. Lereclus that
can replicate in either E. coli or Bacillus. pHT315 was constructed by
inserting Bacillus replication origin, erythromycin resistant gene, and multiple
cloning site into E. coli vector pUC19. [58]

In our experiment, template DNA sequence of pRNA-MG/ pRNA-spi/
pPRNA-MG-spi was inserted between EcoRI/Xbal sites in pHT315. The
cloning was completed in E. coli strain DH5a. The recombinant plasmids

were verified by sequencing (GENEWIZ).

4.2.3 Bacillus subtilis transformation

B. subtilis strain 12A was transformed following the method by S. Chang and
S. N. Cohen, 1979. [23] SMM buffer (0.5 M sucrose, 0.02 M Maleate and
0.02 M MgCl,, pH 6.5. Wyrick and Rogers, 1973 [57]) was used to maintain

the osmotic pressure and prevent the protoplast from lysis. SMMP medium
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was prepared by mixing equal volumes of 4 X Penassay broth (Difco
Antibiotic Metium 3) and 2 X SMM. B. subtilis 12A was grown in 37°C shaker
until mid-log phase. Cells were harvested and resuspended in 1/10 volume
of SMMP containing 2 mg/ml lysozyme. The resuspended cells were
incubated at 37°C with gentle shaking for 2 hr to form protoplasts. After that,
the protoplasts were pelleted and washed by SMMP to remove lysozyme,
then resuspended in the same volume of SMMP.

For each transformation, 500 pl of protoplast was mixed with 1.5 ml of 30%
PEG 8000 in 1X SMM (w/v), as well as 500 ng of plasmid. Two minutes later,
5 ml of SMMP was added to the mixture. The protoplasts were pelleted again
and resuspended in 1 ml of SMMP, then incubated at 30°C for 1.5 hr with
gentle shaking at 100 rpm. 200 pl of the protoplasts were plated on DM3
regeneration medium (for one liter, 200 ml 4% agar, 500 ml 1 M sodium
succinate (pH 7.3), 100 ml 5% Casamino acids, 50 ml 10% yeast extract,
100 ml 3.5% K;HPO, and 1.5% KH,;PO,4, 25 ml 20% glucose, 20 ml 1 M
MgCl,, and 5 ml 2% bovine serum albumin (sterilized by filtering, added to
the mixture when the temperature is about 55°C after autoclave)). The
recovered colonies were transferred to LB plate containing 25 pg/ml

erythromycin for selection. [23]

4.2.4 Fluorescence assay of living B.subtilis cells

Overnight culture of B. subtilis expressing pRNA-MG/ pRNA-spi/
PRNA-MG-spi was pelleted and resuspended in 2 volumes of binding buffer
containing 100 mM KCI, 5 mM MgCI2, and 10 mM HEPES (pH 7.4). To
detect MG fluorescence, 2 uM MG dye was added to the solution. To detect

spinach fluorescence, 2 yM DFHBI was added to the solution. [19] The cell
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suspension was incubated at room temperature for 30 min. The fluorescence
was measured using a fluorospectrometer (Horiba Jobin Yvon; SPEX
Fluolog-3). The MG fluorescence was excited at 570 nm, and scanned from
600 to 800 nm to detect emission. [48, 49] The spinach fluorescence was
excited at 450 nm, and scanned from 570 to 700 nm to detect emission. [19]
To acquire the microscope image of living B. subtilis cells, overnight culture
of expressing pPRNA-MG-spi was pelleted and resuspended in 1/2 volume of
binding buffer containing 5 uM MG dye (for MG fluorescence) or DFHBI (for
spinach fluorescence). The cell suspension was incubated at room
temperature for 30 min. 3 ul of cells was added to a slide and examined
under Olympus FLUOVIEW FV1000 confocal laser scanning microscope
using a 60X oil lens. MG fluorescence was acquired by Cy5 channel, and

spinach fluorescence was acquired by Cy2 channel.

4.2.5 RNA extraction from B.subtilis
B. subtilis expressing pRNA-MG/ pRNA-spi/ pRNA-MG-spi was inoculated

into 10 ml of LB broth containing 25 pg/ml erythromycin and grown in 37°C
shaker at 250 rpm for 14 h. Cells were pelleted at 4,000 rpm for 10 min at
room temperature, and then resuspended in 1 ml of 1X SMM containing 5
mg of lysozyme and 2 u RNase-free DNase |. [23, 57] Protoplasts were
formed by incubating at 37°C for 30 min. After that, RNA was extracted from
the protoplasts using RNeasy Mini Kit (QIAGEN), following the instructions

from the official manual.
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4.2.6 Fluorescence assay of extracted RNA

The extracted RNAs were analyzed in 8% PAGE gel in 1x TBE (89 mM Tris
base, 89 mM Boric acid, 2 mM EDTA). After electrophoresis, the gels were
stained by 5 uM DFHBI in binding buffer (100 mM KCI, 5 mM MgCI2, and 10
mM HEPES, pH 7.4) and scanned using the Cy2 channel (473 nm
excitation/520 nm observation) of Typhoon scanner to acquire the spinach
fluorescence signal. After that, the gel was stained by 5 uM MG dye in
binding buffer and scanned using the Cy5 channel (635 nm excitation/670
nm observation) to acquire the MG fluorescence signal. Finally, the gel was
stained by Ethidium Bromide (E. B.) and then scanned in the E. B. channel
(532 nm excitation/580 nm observation) to display the total RNA.

The MG and spinach fluorescence spectrums of extracted RNAs were

also acquired using the same method described in 4.2.4.

4.3 Result and Discussion

4.3.1 Verifying the RNA products

The fluorescence activity of both MG aptamer and spinach aptamer has
been confirmed by spectrum. For cells expressing pRNA-MG, the emission
peak was discovered at 650 nm. [48, 51] For cells expressing pRNA-spi, the
emission peak was discovered at 500 nm. [20] For cells expressing
pRNA-MG-spi, both peaks were detected, but not as high as the constructs
with only one aptamer inserted. Fluorescence assay of extracted RNAs had
a similar result. The peaks were more obvious since there was not a cell

background.
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For cells expressing pRNA-MG-spi, both MG and spinach fluorescence
have been observed under confocal microscope. (Fig. 10) The intensity of
fluorescence differs from cell to cell. This is possibly caused by different
levels of expression. It is important to use freshly transformed cells for
expression, since constant expression of RNAs is a burden on growth. Cells
that produce more RNA product may grow slower, thus finally eliminated by
selection, leaving only those have a low level of expression. [1]

The fluorescence was also visible in PAGE gel of extracted RNAs. (Fig.

9) The size difference was caused by different length of insertions.

4.3.2 The method of RNA extraction and purification

Total soluble RNAs can also be extracted from the protoplasts using phenol
extraction, as described in 3.2.3. [1] However, the purity of RNA product is
not as good as using the RNeasy kit. The MG fluorescence can be detected
immediately after phenol extraction and ethanol precipitation. The spinach
fluorescence, however, is missing. The RNA needs to be cleaned by passing
through a NucAway Spin column (Invitrogen) to recover its spinach
fluorescence. The structure of spinach aptamer is more flexible than the
double-strand MG aptamer. Therefore the spinach aptamer is possibly
denatured by the phenol left after ethanol precipitation. While using the
RNeasy kits, the RNA product is ready to use immediately after purification.
For E. coli, it is difficult to remove the cell wall completely. Additional steps of
cell lysis (e.g. homogenizer) are required before the kit can be used. This is
why phenol extraction is preferred in E. coli, since the cell lysis and RNA

extraction can be completed in one step. For B. subtilis, the cell wall can be
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easily removed by lysozyme digestion. Thus, the kit is preferred for a better

quality product.

4.3.3 Current limitations of pRNA scaffold

Although we were able to acquire the expected product of pPRNA-MG-spi, its
amount was significantly less than pPRNA-MG or pRNA-spi. It seems the long
insertion had an impact on the stability of RNA. To protect the RNA from
being degraded it is important to maintain a compact structure. While using
tRNA as scaffold, only the anti-codon loop can be replaced by the insertion.
[2] There are three loops in phi29 pRNA that can be replaced by insertions
without changing the 3WJ structure. We found each of the three loops can
be replaced by the MG aptamer, and that the amount of product is satisfying.
However, when all three loops were replaced by insertions (one by MG
aptamer, one by streptavidin aptamer, one by HBV ribozyme), there was no
detectable product. In addition we were not able to alter the sequence at
either the 5' or 3' end of pRNA.

Currently the amount of RNA product with large insertions is not as good
as desired. One possible solution to this problem is the modification of the
host strain. In our experiment expressing 3WJ in E. coli (Chapter 2) we tried
both regular BL21 (DE3) and BL21 Star (DE3) (Invitrogen) whose RNase E
is disabled by mutation. The results withBL21 Star (DE3) were better, with
more RNA product. Therefore, selecting a suitable host strain can be
important for RNA in vivo expression. Bacterial expression of proteins is
common; and there are a lot of commercially viable strains that are designed
for protein expression. On the other hand, very few strains are engineered

specifically for RNA expression, if any. Therefore, we may need to create a
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modified (e.g. deletion of RNases) strain for the best result of RNA

expression.

4.4 Conclusion

Full-length phi29 pRNA is unstable in E. coli. However, it can be produced in
a satisfying amount in B. subtilis, which is the natural host of phi29.
Therefore, pRNA is a potential scaffold for large scale RNA expression in B.
subtilis. The attempt to insert one aptamer into pRNA is successful. Currently
we are able to replace one of the three loops of pRNA with an aptamer.
However, while both MG and spinach aptamers are integrated into one loop,
the amount of RNA product is significantly reduced. It is possible that both
the pRNA scaffold and the host strain need to be modified to express large
RNA insertions. Although further improvements are needed, the pRNA
scaffold in B. subtilis is a potential system for large scale expression of
recombinant RNA. The Gram-positive nature of B. subtilis will bring some
advantages over E. coli in cell lysis and RNA extraction. For example, the
cell wall can be easily removed by lysozyme, allowing the commercially

viable RNA purification kits to be used easily.

Acknowledgement: Thanks to Dan Shu for designing the pRNA-MG, our first
recombinant RNA that is available for B. subtilis expressioin. My design of
pPRNA-MG-spi was also inspired by previous RNA designs made by Shu for

in vitro study.
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4.5 Work in progress and failed attempts

Besides the designs described in this chapter, we also tested a series of
different RNA constructions for bacterial expression. Some of them work was
completed as desired, but the rest of them failed to make expected products.
The result shows that, for an RNA molecule, its viability of in vivo expression
heavily depends on the structure.

Besides the pRNA-MG design that integrated the MG aptamer into the
left-hand loop, we also tried replacing the right-hand loop, or the head loop,
by MG aptamer and the result was similar. However, we encountered
problems replacing more than one of the loops in pRNA. One of the designs
had the head loop replaced by spinach aptamer and the left-hand loop
replaced by MG aptamer. Both MG and spinach fluorescence are detected in
living cell. However, the extracted RNA showed several unexpected bands in
UREA PAGE gel, suggesting degradation of product. This is why we
integrated both MG and spinach aptamers into one loop in design
pPRNA-MG-spi. The attempt to replace all three loops (one by MG aptamer,
one by streptavidin aptamer, one by HBV ribozyme) resulted in no detectable
product. It was important to maintain the structure of the scaffold for in vivo
expression. [2]

Another attempt was to replace the gp16 binding domain of pRNA by
siRNA sequence, in order to produce siRNAs in B. subtilis. This modification
would not change the overall structure of the pRNA much. However, this
design failed to make any product in B. subtilis. Interestingly, although the

full-length pRNA could not be produced in E. coli, the expression worked well
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when the sequence of pRNA was inserted into the anti-codon loop of tRNA
scaffold. [2] Therefore, the terminal sequence may be critical for in vivo
expression. Sequence in the 5'- and 3'-ends can patrticipate in the initiation
and termination of transcription, as well as post-transcriptional processing.
We are planning to replace either the 5'- or 3'-end of pRNA by random
sequence to investigate which parts of the RNA are required for expression.
Unlike the sophisticated protein expression, the study of RNA expression in
bacteria is still in its initial stage. Modifications may be needed to be made to
the host strain, the plasmid vector, as well as the RNA scaffold itself, to

finally develop a high-efficiency expression system.
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Figure 7 pRNA-based design constructs to be expressed in B. subitilis.

All designs are based on wild-type pRNA (with terminator) as scaffold. (A)
pRNA-MG, the left-hand loop replaced by MG aptamer. (B) pRNA-spi, the
head loop replaced by spinach aptamer. (C) pRNA-MG-spi, both MG
aptamer and spinach aptamer integrated into the left-hand loop by a
reversed 3WJ.
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A Florescence spectrum of living B.subtilis cells
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Figure 8 MG and spinach fluorescence spectrum of pRNA-based structures

(A) Fluorescence spectrum of living cell. The MG fluorescence was excited
at 570 nm, and scanned from 600 to 800 nm to detect emission. The spinach
fluorescence was excited at 450 nm, and scanned from 570 to 700 nm to
detect emission. B. subtilis 12A without any exogenous plasmid was taken

as negative control. (B) Fluorescence spectrum of extracted RNAS,

measured under the same condition.
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1 2 3 4

1. Original B.subtilis 12A
2. Wild type pRNA

3. pPRNA-MG

4. pPRNA-spinach

MG
(Cyd)

spinach
(Cy2)

Figure 9 RNAs extracted from B. subtilis 12A 8% TBE PAGE with EB, MG,
and DFHBI staining.
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pRNA-MG-spi

Negative control
(B.subtilis)

White Qverlap

Cy2
Negative control
(B.subtilis)

Figure 10 image of living B. subtilis cells under confocal microscope

The fluorescence from MG aptamer was acquired in Cy5 channel. The
fluorescence from MG aptamer was acquired in Cy2 channel. B. subtilis 12A
without any exogenous plasmids was taken as negative control.

pRNA-MG-spi
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