Protocols: Antisense derivatives of U7 small nuclear RNA as modulators of pre-mRNA splicing

Kathrin Meyer and Daniel Schümperli
Protocol 1: PCR-based introduction of functional sequences into U7 SmOPT

Generation of PCR primers for a desired U7 construct

The original U7 SmOPT vector (1) contains the murine U7 gene as a 570 bp HaeIII fragment inserted into the unique SmaI site of the pSP64 polylinker. The wild-type U7 Sm binding site has been converted to the Sm OPT sequence and single StuI and HpaI sites have been inserted upstream and downstream of the U7 snRNA sequence, respectively, all by site directed mutagenesis. The orientation of the U7 gene is against the Sp6 promoter so that riboprobes for RNAse protection assays can be generated by run-off transcription of StuI-linearised plasmids with SP6 RNA polymerase 


(2) ADDIN REFMGR.CITE . Figs. 4a and 4b show a scheme and the sequence of the regions relevant for cloning, respectively.

A U7 construct of interest can be generated by PCR by using a heat-stable DNA polymerase with proof-reading ability (e.g. PfuUltra, Stratagene), a mutagenic primer in the appropriate region of the U7 gene and a common primer in the Sp6 promoter region of the plasmid (pSP+vector, Fig. 4b). The mutagenic primer must contain from 5' to 3':

(a) Plasmid sequences encompassing 4 nucleotides preceding and 7-8 nucleotides following the unique StuI site (underlined). This sequence ends with the first 1-2 nucleotides of the U7 coding region (yellow).
5’-ACAGAGGCCTTTCCGCA(A) ...
(b) The functional sequence that is to be introduced at the 5' end of U7 snRNA and that will replace the original sequence complementary to histone pre-mRNA.

(c) a 3' anchor containing 9-11 nucleotides corresponding to the Sm OPT site:
... AATTTTTGG(AG)-3'
This primer design works well when the sequence to be introduced is between 15 and 25 nucleotides long. For longer inserts, the yield and purity of the primers may be low, resulting in inefficient PCR and positive clones containing sequence errors. In this case we advise to produce the U7 construct in two steps. In the first step, (b) will correspond to the downstream part of the insert that should be positioned adjacent to the Sm OPT site. Once this clone has been obtained, a second PCR introduces the upstream part of the sequence of interest as (b) and uses the first 9-11 nucleotides of the first inserted sequence as anchor (c). This two-step approach can in fact yield a useful intermediate that can serve as control, e.g. if the first PCR introduces an antisense sequence and the second one adds a splicing enhancer or silencer or if two separate antisense sequences are to be inserted to yield a double-target construct.

Once this PCR has been performed, the product is purified by electrophoresis on an agarose gel, excision of the band and elution with a PCR/gel elution kit (e.g. Wizard SV kit, Promega). It is then digested with HindIII and StuI, repurified on a PCR/gel elution column and ligated into the HindIII/StuI opened pSP64-U7 Sm OPT vector. Plasmids from ampicillin-resistant colonies must then be screened by restriction and sequence analysis.

PCR reaction with PfuUltra (or another heat-stable polymerase with proof reading function):

Reaction mix:






PCR conditions:

H2O



34.5
μl


1. 95°C – 3min

10x Buffer
 

  5
μl


2. 95°C – 45s

dNTPs (10mM)

  1
μl


3. 50°C – 60s          (2.- 4. 35x)

Fw primer (10μM)

  2
μl


4. 72°C – 90s 

Re primer (10μM)

  2
μl


5. 72°C – 10min

Template DNA

  0.5
μl

PfuUltra (3U/μl)

  1
μl

----------------------------------------------------

Reaction volume

50
μl

Template DNA:
pSP64-U7 Sm OPT, diluted to a concentration of 1000 pg/μl

Fw primer:
pSP+vector 5’-TCATACACATACGATTTAGGTGAC-3’

Re primer:
specific mutagenic primer designed as described above

Which thermoclyer do you use? Eppendorf Mastercycler gradient 
Protocol 2: Transfer of a U7 cassette into a lentiviral vector for stable integration into the genome 

Subcloning strategy

In principle, the U7 cassette obtained by protocol 1 can be cloned into any type of vector. We frequently use pWPTS, a lentiviral vector that was generated in D. Trono’s laboratory at the EPFL, Lausanne-Dorigny, Switzerland and that can be obtained from this source by request. This vector contains a unique Cla I site upstream of the CMV promoter-driven GFP gene (Figs. 5a and 5b). Even though this ClaI site can only be cleaved if the plasmid is amplified in a dam- mutant E. coli strain (such as DM1), it is conveniently located and allows good expression of both the U7 and GFP genes. This protocol describes how the U7 cassette can be amplified with mutagenic primers introducing SfuI and ClaI sites upstream and downstream of the U7 gene, respectively. Since these two enzymes yield compatible 5' overhangs (CG), a ligation with ClaI cut pWPTS will result in a vector that retains a unique ClaI site downstream of the U7 insert. This site can then be used to insert further genetic material if required.

PCR reaction with PfuUltra (or another heat-stable polymerase with proof reading function):

Reaction mix:






PCR conditions:

H2O



34.5
μl


1. 95°C – 3min

10x Buffer
 

  5
μl


2. 95°C – 45s

dNTPs (10mM)

  1
μl


3. 50°C – 60s          (2.- 4. 35x)

ClaI primer (10μM)

  2
μl


4. 72°C – 90s 

SfuI primer (10μM)

  2
μl


5. 72°C – 10min

Template DNA

  0.5
μl

PfuUltra (3U/μl)

  1
μl

----------------------------------------------------

Reaction volume

50
μl

Template DNA:
modified pSP64-U7 Sm OPT vector resulting from protocol 1, diluted to a concentration of 1000 pg/μl

ClaI primer:
5’-ggctgcagAtcgaTtctagagg-3’
mutant nucleotides (red, bold) replace SalI by ClaI site (underlined)

SfuI primer:
5’-acgaattcgaActcgccccc-3’
mutant nucleotide (red, bold) replaces SacI by SfuI site (underlined)

I am not sure whether the printer can make red bold in the text, can you change to outline or shadow in black, but I will check

Additional remarks

· Note that, although the ClaI site in the PCR primer overlaps with a GATC sequence, this site will not be methylated in the PCR product which, therefore, can be cut by ClaI.
 This principle of retaining a unique site on one side of the insert can be adapted for many restriction enzyme recognition sequences serving as insertion sites in other vectors. 

· If one plans to use the same cloning strategy for many different U7 cassettes, it may be useful first to introduce the two restriction enzyme recognition sites into pSP64-U7 Sm OPT by site directed mutagenesis and then to use this new template to generate appropriate U7 derivatives by protocol 1. The second PCR amplification (protocol 2) can then be omitted, and the U7 cassette can be subcloned by restriction enzyme digestion and ligation. This is particularly useful if the cloning vector is large and difficult to sequence, because it means that one can verify the sequence of the insert in the modified U7 Sm OPT intermediate and then rely on an identification of clones in the final vector by restriction digestion. For example, as we are frequently using vectors with ClaI cloning sites, we have recently converted the original SalI and SacI sites of pSP64-U7 Sm OPT into ClaI and SfuI restriction sites to generate plasmid pU7-ClaI-SfuI-SmOPT. 

Example of an experiment

Mutagenic PCR (protocol 1) with four different primers:

Shown below are four primers used in reference (3). The orientation is 5' to 3'; lengths in nucleotides are indicated in brackets. Color codes: StuI restriction site; enhancer tail (1 and 2) or scrambled sequence (3); sequence complementary to SMN2 exon 7 (1, 3, 4) or scrambled sequence (2).

ACAGAGGCCTTTCCGCAA GGAGGACGGAGGACGGAGGACATTTGATTTTGTCTAAAAC AATTTTTGG (67)

ACAGAGGCCTTTCCGCAA GGAGGACGGAGGACGGAGGACAGCTAATTATATTCTGTTA AATTTTTGG (67)

ACAGAGGCCTTTCCGCAA GCCCTTCCCCCTCTGCTTGTCTTTTGATTTTGTCTAAAAC AATTTTTGG (67)

ACAGAGGCCTTTCCGCAA                        TTGATTTTGTCTAAAAC AATTTTTGG (44)

      (a)                     (b)                   (c)

common primer pSP+vector. Length 24 nucleotides.

TCATACACATACGATTTAGGTGAC

insert Figure 6

Troubleshooting

	Problem
	Solution

	No PCR product:
	-
increase anchor sequence length for the U7 reverse primer
-
reduce annealing temperature for the PCR to 40° or 45°C
-
increase cycle number
-
add DMSO to the PCR reaction mix
-
check the primer sequence for correctness

	No clones obtained:
	-
control transfection efficiency of competent bacteria
-
verify vector:insert amounts (2-10-fold molar excess of insert: ~100 ng of vector)
-
verify fragment purification procedure
-
check ligation efficiency

	Clones with aberrant sequences:
	
analyse more clones
-
test other proofreading polymerase
-
optimise PCR conditions
-
check for specificity of primers and for secondary structures near primer binding sites

	No effect on splicing with the designed U7 construct:
	
try alternative strategies (see strategical considerations), with or without enhancer/silencer tail
-
try different silencer/enhancer attracting sequences
-
try to combine different strategies by cotransfecting several constructs
-
move binding site of U7 snRNA to the left or right
-
change length of antisense sequence
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 Abbreviations

AAV (adenovirus associated virus)

CMV (human cytomegaly virus)

DAM (DNA adenine methylase)

dam- (mutant for DNA adenine methylase)

DMSO (dimethyl sulfoxide)

ESE (exonic splicing enhancer)

GFP (green fluorescence protein)
hnRNP (heterogeneous nuclear ribonucleoprotein)

PCR (polymerase chain reaction)
SMA (Spinal Muscular Atrophy)

SMN (survival of motoneuron)

snRNA (small nuclear RNA)

snRNP (small nuclear ribonucleoprotein)

SR protein (serine and arginine-rich protein)

ss (splice site)
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� ClaI cuts ATCGAT. If this site is preceded by a G or followed by a C, the dam methylase can modify the site to GmATC and ClaI will not cleave.
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