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Abstract

Transcription termination factor Rho contributes to shape the transcriptomes of many bacteria
and is essential in a large subset of them. Although the transcription termination function of
Rho is not always easy to reconstitute and to study in vitro, assays based on the ATP-
dependent RNA-DNA hybrid unwinding activity of the factor can prove useful to dissect Rho
mechanisms or to seek new antibiotics targeting Rho. However, current in vitro assays of Rho
helicase activity are time-consuming, as they usually require radiolabeling of the hybrid
substrates and analysis of reaction products by gel electrophoresis. Here, we describe a
fluorescence-based microplate assay that informs on Rho helicase activity in a matter of
minutes and allows the multiplexed analysis of conditions required for primary biochemical

characterization or for drug screening.
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1. Introduction

Transcription termination factor Rho is a homo-hexameric, ring-shaped protein factor that has
major regulatory functions in bacteria (reviewed in: [1-3]). The molecular mechanisms
underlying the biological functions of Rho are complex and involve multiple rearrangements
of the Rho ring structure and of its network of interactions with the RNA substrate (see
Chapter 9 in this volume and [4,5]), as well as intricate interplays with the transcription and
translation machineries and a variety of cofactors [1-3]. Several biochemical assays have been
developed over the years to characterize the Rho factor, from basic RNA binding and ATPase
assays [6,7] to more sophisticated transcription termination assays [8-11]. Monitoring of the
ATP-dependent RNA-DNA hybrid unwinding activity of Rho [12] is also a method of choice
to characterize the factor in vitro [13,14]. This helicase activity derives from oligonucleotide
“roadblock” displacement upon directional translocation of the Rho factor along single-
stranded RNA substrates [15-17]. It thus represents a good compromise to probe the
molecular motor features of Rho (as in termination assays) under conditions where the nucleic
acid substrate and reaction setup or ingredients can be easily manipulated and varied (as in
RNA binding and ATPase assays). For instance, RNA-DNA substrates having complex,
multipartite architectures or bearing specific chemical modifications can be used in the
helicase assay to probe Rho stepping mechanism [18-20], a task that is not possible with the

other biochemical assays.

In most Rho helicase experiments, a RNA-DNA hybrid substrate is first modified with a
32p Jabel (most often on the “tracking” RNA strand) and then purified by polyacrylamide gel
electrophoresis (PAGE). Then, the substrate is mixed with Rho and ATP in a suitable reaction
buffer and reaction aliquots are withdrawn and quenched at various times. The reaction
aliquots are then analysed by PAGE to reveal the fractions of single-stranded RNA products

formed upon Rho-directed hybrid unwinding as a function of time [14]. In a variant of this



protocol, the 32P label is replaced by a fluorochrome (usually on the DNA oligonucleotide
strand) in order to analyze the PAGE gel with a fluorescence imager [13]. Although the
method is very efficient (see Note 1), it is burdensome, time-consuming, and does not allow
frequent record of the helicase activity over time nor sample multiplexing. To address these
limitations, we have developed a new assay of Rho helicase activity that is based on the
development of a fluorescence signal upon unwinding of a tripartite RNA-DNA hybrid
labelled with a fluorophore-quencher pair (Figure 1A). The modality of detection and assay
conditions were designed for use with a multiplate fluorescence reader, thereby allowing
either continuous or end-point monitoring of Rho helicase activity as well as sample
multiplexing suitable for quick biochemical investigations (see Note 1) and, potentially, for

drug screening.

2. Materials

Only RNase-free, milliQ-grade deionized water should be used to prepare buffers and to make
dilutions. All solutions (and water stocks used for dilutions) should be sterilized by filtration
with single-use 0.2 um pore size filter units. We also recommend using high-quality
microtubes, preferably ones intended for low non-specific binding of nucleic acids and

proteins.
2.1. Preparation of the RNA strand by transcription

1. Benchtop centrifuge and vortex mixer.

2. Dry bath incubator with shaking capability (e.g. Eppendorf Thermomixer).
3. Saran sheets and blade.

4. 5 mL syringe equipped with a glass-wool plug and a 0.2 um syringe filter.

5. Vertical PAGE system and power supply.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

N,N,N,N'-tetramethylethylenediamine (TEMED).

25% (w/v) ammonium persulfate (APS) in water; fresh solution stored at 4°C.
10X TBE buffer: 0.89 M Tris-base, 0.89 M boric acid, and 20 mM EDTA.

1X TBE buffer obtained by diluting the 10X TBE buffer stock.
Phenol:chloroform:isoamyl alcohol (25:24:1) mix, pH 6.7.

Diethyl ether.

Ethanol absolute (> 99.8%) stored at -20°C.

0.5 M EDTA solution adjusted to pH 7.5 with NaOH.

1X MyoE; buffer: 10 mM MOPS, 1 mM EDTA, pH 6.0.

3 M sodium acetate solution adjusted to pH 6.5 with acetic acid.

Elution buffer: 0.3 M sodium acetate in 1X MioE1 buffer.

UV spectrophotometer (preferably one able to measure absorbance from 1 pL
samples).

Formamide.

Control formamide buffer: formamide supplemented with 0.01 % (w/v) Xxylene cyanol
and 0.01 % (w/v) bromophenol blue.

100 nM DNA template stock in 1X M1oE1 buffer (see Note 2).

5X Transcription buffer: 400 mM HEPES pH 7.5, 112 mM MgCl;, 100 mM DTT, 5
mM spermidine, 0.05% (v/v) Triton X-100 (see Note 3).

20p/puL Superase-IN (Thermo Fisher Scientific).

100 mM rATP, rCTP, rGTP, and rUTP stock solutions.

12.5 uM T7 RNA polymerase (if using a commercial preparation, follow
manufacturer’s instructions to adjust enzyme amounts in transcription reactions).
Denaturing 6% acrylamide solution. Mix 4.5 mL of a commercial 40%

acrylamide:bis-acrylamide [29:1 ratio] solution with 12.6 g of urea and 3 mL 10X



TBE, and adjust the volume to ~25 mL with deionized water. Heat in a microwave

oven to melt urea. (see Note 4). Adjust the volume to 30 mL with deionized water.

26. X-ray intensifying screen or a fluor-coated TLC plate.

27. Hand-held 254 nm UV lamp.

2.2. Preparation of the RNA-DNA hybrid substrate

1.

2.

Items 1-17 from section 2.1.

100 uM stock solutions of oligodesoxyribonucleotides Oligol (bearing an Alexa488
fluorochrome at its” 5° end), Oligo2 (bearing a Dabcyl quencher at its 3’end) and
Oligo4 (Table 1) (see Note 5).

Purified RNA transcript from section 3.1.

5X Helicase buffer: 750 mM potassium acetate, 100 mM HEPES pH 7.5, 0.5 mM
EDTA.

1X Helicase buffer obtained by dilution of the 5X buffer stock in sterile deionized
water.

Native 6% acrylamide solution. Mix 4.5 mL of a commercial 40% acrylamide:bis-
acrylamide [29:1 ratio] solution with 3 mL of 10X TBE buffer and adjust the volume
to 30 mL with deionized water. (see Note 4).

25% (wi/v) Ficoll 400 in sterile deionized water.

Control Ficoll buffer: 25% Ficoll 400 solution supplemented with 0.01 % (w/v) xylene
cyanol, and 0.01 % (w/v) bromophenol blue.

Fluorescent gel imager (e.g. Typhoon FLA 9500 from GE Healthcare) and associated

software for gel image analysis (e.g. Imagequant TL software from GE Healthcare).

2.3. Helicase microplate assay



10.

11.

Items 1 and 2 from section 2.1.

Purified RNA-DNA hybrid from section 3.2.

100 uM stock solution of oligodesoxyribonucleotide Oligo3 (Table 1) (see Note 6).
2.8 UM Rho hexamer stock solution in Rho storage buffer (50% glycerol, 100 mM
KCI, 0.1 mM EDTA, 0.1 mM DTT, 10 mM Tris—HCI, pH 7.9). Preparation of the Rho
protein from Escherichia coli is detailed in volume 587 of the series [14].

5X helicase buffer: 750 mM AcK, 100 mM HEPES pH 7.5, 0.5 mM EDTA, 0.5
mg/mL BSA (see Note 7 and Note 8).

1X helicase buffer obtained by diluting the 5X helicase stock buffer with water.

8X initiation mix: 8mM rATP and 8 mM MgCl: in 1X helicase buffer.

8X control mix: 8mM rADP and 8 mM MgCl; in 1X helicase buffer.

Low adsorption, black 384-well microplates (e.g. NBS microplates from Corning) (see
Note 9).

16.5 mM Bicyclomycin inhibitor solution in 1X helicase buffer.

Fluorescence microplate reader equipped with micro-injectors (see Note 10) and

associated software.

2.4.Gel-shift helicase assay

1.

Items 5-9 from section 2.1.

Item 9 from section 2.2.

10% (w/v) sodium dodecyl sulfate (SDS) in water. Store at room temperature.

2X Quench buffer: 8% (v/v) Ficoll 400, 1% (w/v) SDS, 40 mM EDTA, 0.3 M sodium
acetate.

Control helicase buffer: 4% (v/v) Ficoll 400, 0.5% (w/v) SDS, 20 mM EDTA, 0.15 M

sodium acetate, 0.01 % (w/v) xylene cyanol, and 0.01 % (w/v) bromophenol blue.

7



6. Helicase PAGE solution: 8% (v/v) acrylamide and 0.5% (w/v) SDS in 1X TBE buffer.
Mix 6 mL of a commercial 40% acrylamide:bis-acrylamide [19:1 ratio] solution with
1.5 mL of 10% SDS solution and 3 mL of 10X TBE buffer, and adjust the volume to
30 mL with deionized water (see Note 4).

7. SDS run buffer: 1X TBE buffer containing 0.5% (w/v) SDS.

3. Methods

3.1. Preparation of the RNA strand by transcription

Our standard RNA strand used for assembly of the RNA-DNA hybrid substrates is 129
nucleotide (nt)-long (see substrate C in ref. [19]) and is prepared by in vitro transcription of a
linear DNA template obtained by PCR amplification (see Note 2). The DNA template
contains a pT7 promoter for the bacteriophage T7 RNA polymerase followed by sequences
encoding a strong Rut (Rho utilization site) site [21,22] and the reporter region recognized by

the fluorophore- and quencher-labelled oligonucleotides (Figure 1A). [Figure 1 near here]

1. Slowly melt on ice the 5X transcription buffer, the DNA template solution, and the
stocks of rNTPs. Homogenize each solution by gentle vortexing before use.

2. Inal.5 mL microtube, mix 111 pL of water, 50 pL of 5X transcription buffer,
12.5uL of each the rATP, rCTP, rGTP, and rUTP stock solutions, 1uL of
SUPERase-IN, and 25 pL of the 100 nM DNA template stock. Incubate the mixture
for 5 minutes at 37°C.

3. Add 10 pL of T7 RNA polymerase and incubate the mixture for 2h at 37°C under
shaking (300-400 rpm).

4. After 2h, add another 10 puL of T7 RNA polymerase and incubate the mixture for 1h

at 37°C (see Note 11).



10.

11.

12.

13.

14.

15.

To stop the reaction, add 12 pL of 0.5 M EDTA and 28uL of 3 M sodium acetate.
Add 150 pL of phenol:chloroform:isoamyl alcohol extraction mix. Vortex and
centrifuge for 5 min at 18,000 g to separate the organic and aqueous phases. Transfer
the top phase (aqueous) to a new microtube.

Add 300 pL of diethyl ether, vortex quickly and centrifuge for 1 min at 18,000 g.
Remove and discard the top ether phase. Repeat this procedure once (see Note 12).
Add 900 pL of ethanol, vortex, and incubate overnight at -20°C to precipitate RNA.
Centrifuge for 30 min at 20,000 g, then remove and discard supernatant. Add 150 pL
of ice-cold ethanol, vortex vigorously and centrifuge for 15 min at 20,000 g.
Remove ethanol, carefully avoiding the RNA pellet (which should be visible at this
stage). Leave the microtube open in a dry bath (in a fume hood) for at least 10 min at
30°C to dry the pellet.

Dissolve the RNA pellet in 20 pL of M1oE1 buffer and incubate for 10 min at 30°C
under shaking (300-400 rpm). The pellet should not be longer visible. Otherwise,
incubate for a few minutes longer.

Assemble PAGE gel plates and spacers according to the manufacturer instructions.
We use custom-made 20 x 20 cm gel plates with 0.8 mm spacers and a 10-teeth
comb.

Use tape or any other suitable mean to seal hermetically the bottom of the gel plates.
Mix 25mL of the denaturing 6% acrylamide solution with 60 pL of 25% APS and 30
puL of TEMED. Pour the mixture between the plates, carefully avoiding formation of
air bubbles, and insert the comb.

Once the gel has polymerized (15-20 min at room temperature), remove the comb
and wash the wells with 1X TBE buffer using a 10 mL syringe. Install the gel into a

vertical electrophoresis unit and fill the top and bottom tanks with 1X TBE buffer.



16.

17.

18.

19.

20.

21.

22.

23.

24.

Set the power supply at 25W and perform a pre-electrophoresis run for 30 min (see
Note 13). Turn power off.

Add 20pL of formamide to the RNA sample from step 11 and heat the mixture at
90°C for 1 min. Prepare a control sample by mixing 5 puL of control formamide
buffer with 5pL of M1oE1 buffer. Flush diffusing urea from gel wells using a syringe
filled with 1X TBE. Load the RNA and control samples in well-separated wells.

Run the gel at 25W until the bromophenol blue in the control sample reaches the
bottom of the gel (see Note 14).

Remove the plates and carefully wrap the gel in saran sheets (see Note 15), limiting
formation of bubbles and wrinkles as much as possible.

Place the gel on a fluor-coated TLC plate and visualize the transcript band with a 254
nm lamp by UV shadowing (Figure 1B).

Cut the gel piece corresponding to the correct-size RNA shadow with a clean scalpel
blade and transfer the piece to a 2 mL microtube. Use a pipette tip or tissue grinder to
crush the gel piece in small fragments and add 1mL of elution buffer. Incubate for 1
h at 30°C under shaking (500 rpm).

Briefly centrifuge at 2,000 g before transferring the supernatant into a 5 mL
microtube kept on ice (see Note 16).

Add 1mL of elution buffer to the tube containing the gel fragments and incubate for
1 h at 30°C under shaking (500 rpm) (see Note 17).

Briefly centrifuge at 2,000 g and transfer supernatant to the tube from step 21. To
remove gel debris, filter the solution with a 5 mL syringe equipped with a glass-wool
plug and a 0.2 um filter.

Mix with three volume equivalents of cold ethanol and incubate overnight at -20°C.
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25.

26.

217.

Centrifuge for 30 min at 20,000 g. Discard supernatant (watch for pellet, which may
be barely visible and stick poorly to the tube) and add 500 uL of ice-cold ethanol.
Briefly vortex and centrifuge for 15 min at 20,000 g. Discard supernatant.

Leave the microtube open in a dry bath (in a fume hood) for at least 10 min at 30°C
to dry the pellet. Dissolve pellet in 50uL of M1oE1 buffer.

Use a UV spectrophotometer to determine RNA concentration from the absorbance
at 260 nm. We assume that e260nm = number of nucleotides x 10* L/mol/cm. Typical
yields range between 200 and 500 pmoles of purified RNA from a 250uL

transcription.

28. Store the RNA solution at -20°C.

3.2. Preparation of the RNA-DNA hybrid substrate

Oligonucleotides and hybrid substrates containing the Alexa488 or Dabcyl moieties are

fragile and should be handled with care (see Note 5). In order to detect unambiguously the

position of RNA-DNA hybrid species in PAGE gels, we also prepare a variant of the tripartite

RNA-DNA substrate (Figure 1A) devoid of Dabcyl quencher (Figure 1C).

1.

In a 1.5 mL microtube, mix 50 pmoles of RNA (from section 3.1, step 28), 3 pL of 5X
helicase buffer, 0.8 L of 100 uM Oligol and 0.8 uL of either Dabcyl-labelled Oligo2
or unlabelled Oligo4 (100 uM each). Adjust final volume to 12.5 pL with water.

Heat the mixture for 2 min at 90°C in a dry bath. Remove the tube from the dry bath
and incubate for 15 min at room temperature.

Assemble PAGE gel plates using 0.4 mm spacers and comb (see Note 18) as described
in steps 12-13 of section 3.1.

Mix 15mL of native 6% acrylamide solution with 35 pL of 25% APS and 35 pL of

TEMED. Pour the mixture between the plates and insert the comb.

11



10.

11.

12.

13.

14.

Once the gel has polymerized, remove the comb and flush the wells with a 10 mL
syringe containing 1X TBE. Install the gel into an electrophoresis unit and fill the top
and bottom tanks with 1X TBE. Set the power supply at 140V and perform a pre-
electrophoresis run for 30 min. Turn off the power.

Add 2.5 pL of 25% Ficoll-400 to each sample and load samples into well-separated
gel wells (see Note 19). In a separate well, load a control sample made by mixing 5 uL
of M1oE: buffer with 1 pL of control Ficoll buffer. The gel wells should be flushed
with 1X TBE right before loading of the samples.

Run the gel at 140V for approximately 4 h, until the bromophenol blue in the control
sample is at the very bottom of the gel.

Remove and replace one of the plate by a Saran sheet, and create marks with pieces of
tape or a permanent marker pen on the saran sheet. (see Note 20).

Scan the gel with a fluorescence imager using settings adequate for detection of
Alexa488 fluorescence (see Note 21). Print le gel image at real size.

Use the tape or pen marks (Figure 1C) to position the gel on the printed image. Use a
clean scalpel blade to cut the gel band corresponding to the correct hybrid substrate,
carefully avoiding the band right below (corresponding to an hybrid substrate lacking
Oligo 2; Figure 1C) Transfer the gel piece in a 2 mL microtube.

Add 1 mL of elution buffer and incubate for 1h at 18°C (see Note 22) under shaking
(500 rpm).

Briefly centrifuge and transfer the supernatant into a 5 mL microtube kept on ice.
Add 1 mL of elution buffer to tube containing the gel piece. Incubate for 1h at 18°C
(see Note 17 and Note 22) under shaking (500 rpm).

Briefly centrifuge and transfer the supernatant into the tube from step 12. Mix and

dispatch the resulting supernatant pool into 2 mL microtubes (in ~500 pL aliquots)

12



and add 1.5 mL of ethanol per tube (see Note 16). Vortex and incubate overnight at -
20°C.

15. Centrifuge for 30 min at 20,000 g and discard supernatant. Add 500 pL of ice-cold
ethanol, vortex, and centrifuge for 15 min at 20,000 g. Discard supernatant.

16. Leave the microtubes open at room temperature (in a fume hood) until the pellets are
dry. Resuspend each pellet in 10uL of 1X helicase buffer (see Note 23).

17. Pool sample aliquots and determine hybrid concentration from absorbance at 260 nm,
neglecting the effect of oligonucleotide hybridization on the extinction coefficient:
g260nm = Number of nucleotides (all strands) x 10* L/mol/cm.

18. Store hybrid solution at -20°C (see Note 24).

3.3. Helicase microplate assay

The following protocol has been developed with a Synergy H1FD instrument (Biotek)
equipped with a temperature controller, two microinjectors, and 485/20 nm (excitation) and
530/25 nm (emission) filters for Alexa488 detection, but should be easily adapted to any

similar fluorescent microplate reader.

1. Switch on the microplate reader and set the temperature chamber to 37°C. Program the
instrument method for the experiment at hand (see step 7 or step 16, below). Clean the
microinjector circuits with 1 mL of ethanol and then 1mL of deionized RNase-free
water.

2. Warm the 8X initiation mix and the 8X control mix in a dry bath set to 37°C before
loading each mix in separate injector reservoirs (see Note 25).

3. Inal.5 mL microtube, prepare a 241 L reaction mixture containing 5.8 nM

fluorescent hybrid (see Note 26), 464 nM unlabelled trap oligonucleotide in final 1X
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helicase buffer. Transfer 80 and 160 pL aliquots to two new microtubes (Samples 1 and
2) (see Note 27). Add 1.3 pL of 1X helicase buffer in Sample 1.

Prepare a 1400 nM dilution of the Rho enzyme stock in 1X helicase buffer (see Note
28). Add 2.6 pL of the Rho dilution to Sample 2.

Load 35ul sample aliquots in a defined order in the wells of a 384-well microplate. For
instance, load Sample 1 aliquots in wells 1 and 2 and Sample 2 aliquots in wells 3-6. In

this way, each condition will be tested in duplicate in a single experiment.

6. Add 5 pL of 1X helicase buffer in wells 1 and 2 (‘no Rho’ control replicates).

7.

Install the microplate in the instrument and run the following method (temperature set to
37°C throughout): shake (orbital) the microplate plate for 5 min at 180 rpm. Then, use
microinjectors to dispense 5uL of 8X control mix in wells 3 and 4 (ADP control
replicates) and 5uL of 8X initiation mix in wells 5 and 6 (unwinding reaction replicates).
Record Alexa488 fluorescence from each well every 20 s for at least 30 min (Figure
2A). Set the instrument to normalize fluorescence output I(t) according to:

It — I
Iy

I(t) =

where It and lo are, respectively, the fluorescence signals recorded at times t and 0. Also
set the instrument to average the replicate signals obtained for each condition (Figure
2B).

Repeat steps 1-7 several times, preferably on different days, to appreciate the
experimental variation (Figure 2C) (see Note 29).

[Figure 2 near here]

The above protocol can also be used to assess the effect of drugs or cofactors on Rho

helicase activity. The additional reagent can be added directly into the master mix (step 3

14



above) or in individual reaction samples. In the latter case, the protocol can be modified, as

follows (example provided for testing the effect of the bicyclomycin [BCM] inhibitor):

9.

10.

11.

12.

13.

14.

15.

16.

17.

Perform steps 1 and 2 above.

In a 1.5 mL microtube, prepare a 426 pL master mix containing 6.6 nM fluorescent
hybrid, and 525 nM unlabelled trap oligonucleotide in 1X reaction buffer. Transfer one
142 pL aliquot and four 71 pL aliquots to five 1.5 mL microtubes (Samples 3 to 7).
Add 18.6 pL of 1X helicase buffer to Sample 3.

From the BCM inhibitor stock, prepare two serial BCM dilutions in 1X helicase buffer.
Adjust dilutions to the concentration range to test (e.g. 1000 and 100 pM stock dilutions
to obtain final BCM concentrations in samples of 100 and 10 pM, respectively).

Add 9.3 L of one of the BCM serial dilutions to samples 4 and 5 and 9.3 L of the
other serial dilution to samples 6 and 7.

Prepare a 1400 nM dilution of the Rho enzyme stock in 1X helicase buffer (see Note
28). Then, add 2.7 pL of Rho protein in sample 3 and 1.3 pL in samples 4 to 7.

Load 35ul sample aliquots in a defined order in the wells of a 384-well microplate. For
instance, load Sample 3 aliquots in wells 1 to 4 and Samples 4 to 7 in wells 5 to 12 (two
wells per sample).

Install the microplate in the instrument and run the following method (temperature set to
37°C throughout): shake (orbital) the microplate plate for 5 min at 180 rpm. Then, use
microinjectors to dispense 5pL of 8X control mix in wells 1 and 2 (ADP control
replicates) and 5pL of 8X initiation mix in wells 3 to 12 (helicase reaction replicates).
Record and report Alexa488 fluorescence for all wells as described in step 7, above.
Repeat steps 9-16 several times with distinct serial dilutions of BCM to cover the

inhibitory concentration range adequately (Figure 3A).
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18. Repeat the procedure over the full inhibitory concentration range to appreciate the
experimental variation. With this procedure, we estimated an apparent ICso of ~15 uM
(Figure 3A), which is in reasonable agreement with previous measurements performed

with a more classical helicase assay (ICso = 49 uM) [23].

3.4 Gel-shift assay

To verify that the development of the Alexa488 fluorescence signal observed with the
multiplate assay truly derives from Rho helicase activity (the assay cannot distinguish Rho-
directed RNA-DNA hybrid unwinding from unwanted side reactions such as RNA
degradation), one may control endpoint reaction products by PAGE (see Note 1). PAGE
analysis may be performed occasionally (when problems are suspected; see Note 29) or on a
more regular basis (as part of a quality control procedure). To facilitate data analysis,
experiments with a control RNA-DNA hybrid substrate devoid of Dabcyl (prepared by using
Oligo4 instead of Oligo2 from Table 1; see section 3.2, step 1) may be performed in parallel

(Figure 3B). [Figure 3 near here]

1. Prepare 0.5 mL microtubes (one per sample to be analyzed) containing 6 puL of 2X
quench buffer. To each tube, add 6 pL of the sample to be analyzed (see Note 30). For
instance, a control “t0” sample may come from the Master mix of section 3.3, step 3
(slightly increasing the overall master mix volume to account for this aliquot
withdrawal) while other samples may correspond to end-point reaction aliquots taken
from microplate wells after section 3.3, step 7. Store on ice.

2. Assemble PAGE gel plates as described in steps 12-13 of section 3.1 using 0.8 mm
spacers and a 15-teeth comb.

3. Mix 25 mL of 8% helicase PAGE solution with 60 pL of 25% APS and 60 pL of
TEMED. Pour the mixture between the plates and insert the comb.

16



4. Once the gel has polymerized, remove the comb and flush the wells with a 10 mL
syringe containing SDS run buffer. Install the gel into an electrophoresis unit and fill the
top and bottom tanks with SDS run buffer. Set the power supply at 140V and perform a
pre-electrophoresis run for 30 min. Turn off the power.

5. Flush gel wells with SDS run buffer and load samples from step 1. Also load 5uL of
control helicase buffer in a well-separated well (positions of the xylene cyanol and
bromophenol blue dyes are used to assess gel migration) (see Note 31).

6. Run the gel at 140V until the xylene cyanol in the control sample is at ~5 cm from the
bottom of the wells (it takes ~1h).

7. Replace one of the glass plates with saran sheet. Scan the gel with a fluorescence imager

using settings adequate for detection of Alexa488 fluorescence (see Note 21).

4. Notes

1. Only PAGE analysis of helicase reaction products allows the precise calculation of
substrate unwound fractions as function of time and the verification of the integrity of the
substrate(s) and reaction products (an important point with fragile RNA components and
the risk of degradation by chemicals, RNases, etc.). The fluorogenic assay presented
herein should thus be considered as a complementary tool allowing much quicker, early-
stage exploration of samples or conditions but not being necessarily suitable for the
thorough, late-stage characterization of ‘hits’.

2. The DNA template is prepared by standard PCR amplification procedures [9] and can be
purified with a commercial silica-based PCR purification kit.

3. DTT is used to prevent formation of disulfide bonds inhibiting T7 RNA polymerase but
is not stable over time. We recommend using fresh transcription buffer or to supplement

old batches with additional DTT.
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10.

11.

12.

13.

The PAGE solutions can be prepared in advance or in larger volumes and stored for a few
days at room temperature protected from light.

Oligonucleotides and hybrids bearing the Alexa488 moiety should be protected from light
to limit risks of photobleaching. Dabcyl is a collisional quencher requiring close
molecular interaction (aromatic stacking) with the fluorophore; its quenching efficiency
is not strongly wavelength-dependent.

Oligo3 is used as a “Trap” competitor in helicase reactions and should have the same
sequence than the Alexa488-labeled Oligol oligonucleotide.

The composition of the helicase buffer may be varied but ionic strength should be
sufficient (> 50 mM monovalent salt) to stabilize the RNA-DNA helices within the
hybrid substrate.

BSA is used as a non-specific protein competitor and contributes to limit the potential
adsorption of reactants to microtube walls.

We prefer black microplates for their higher signal to noise ratio. We like Corning 384-
well microplates #3575 for their consistent, low protein and nucleic acid adsorption
properties and for their suitable 20-80 pL working volume range.

Make sure that the microplate reader injectors and the microplate holding chamber are
RNase-free. Use standard procedures or commercial RNase decontamination reagents to
clean the instrument parts as well as surrounding working area if needed.

This step is optional but usually improves the yield of RNA transcripts.

The tube can be left open in a fume hood for a few minutes before proceeding to the next
step (potential traces of ether will thus be eliminated by evaporation).

Make sure that the gel plates are warm before ending the pre-electrophoresis step.
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14. In a 6% denaturing gel, bromophenol blue migrates as a ~25 nt-long RNA strand while
xylene cyanol dye migrates slightly slower than our standard 129-nt long RNA transcript
(Figure 1B).

15. Use only UV-transparent plastic wrap (e.g. Saran™ wrap). Some commercial plastic
wraps contain UV absorbers that can perturb detection of RNA bands by UV-shadowing.

16. Precipitation can also be performed in 5 mL microtubes (dispatching 1.25 mL sample
and 3.75 mL ethanol per tube) if a high-speed bench centrifuge with an adequate rotor is
available (e.g. Eppendorf 5425 centrifuge and FA-10X5 rotor). The hybrid substrate
pellets are then more easily detected from their larger sizes and label-dependent colors
(dark orange with the Alexa488-Dabcyl pair or yellowish with only Alexa488).

17. Incubation overnight at 4°C is an alternative option.

18. The hybrid substrates can also be purified on a 0.8 mm polyacrylamide gel using a larger
volume (25mL) of acrylamide solution for gel preparation. However, elution from the gel
band is less efficient and requires crushing of the gel band into small pieces as well as
syringe filtration as in section 3.1, steps 20-23. Final yields are usually lower.

19. We use a comb with 1.5 cm wide teeth for our 0.4 mm wide gels and load sample
volumes of 20 uL or less per well. The number of wells used per sample or the width of
comb teeth (or gel width, but see Note 18) should be adjusted according to the case at
hand.

20. For samples containing Alexa488, we prefer red indelible markers. To facilitate batch-to-
batch comparisons, we mark the positions of the xylene cyanol and bromophenol blue
dyes from the control sample whenever possible.

21. Detection settings will depend on the imaging system. In any case, make sure to use high-
grade acrylamide and chemicals and to clean thoroughly the imaging system between

scans (see manufacturer’s instructions) to limit background fluorescence.
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22.

23.

24,

25.

26.

27.

28.

29.

Although the tripartite RNA-DNA hybrids are reasonably stable and do not
spontaneously dissociate under standard Rho helicase conditions (see sections 3.3 and
3.4), we prefer to use low temperatures (<20°C) for gel band elution.

The composition of the elution buffer can be adapted to suit downstream utilizations but
should be of sufficient ionic strength to stabilize the RNA-DNA helices.

Always keep light-sensitive fluorescent samples in opaque, dedicated tubes or cover
standard microtubes with aluminum foil.

We use the control mix injector to run control (ADP) samples alongside normal (ATP)
samples. Alternatively, the control mix may contain a non-hydrolysable nucleotide (e.g.
AMP-PNP) or no nucleotide at all.

Although experiments can be performed with a lower RNA-DNA hybrid concentration
(~1 nM) with the Synergy H1FD instrument, the signal-to-noise ratio is significantly
improved with 5 nM hybrid and more appropriate to subsequent analysis of the reaction
end products by native PAGE, if needed (see section 3.4).

A 6-well experiment can be performed with a master mix of 241uL mix. The number of
experiments that can be ran in parallel will depend on microplate reader performance, and
experimenter needs. For continuous monitoring of helicase reaction kinetics, we usually
do not perform more than two 6-well experiments at once with the Synergy H1FD
instrument.

The Rho stock should be diluted ex tempore to limit enzymatic inactivation. All Rho
concentrations are expressed in hexamers.

The fluorescence signals of the ‘no Rho’ and ADP control samples should be stable over
time (a slight decrease due to photobleaching is acceptable) (Figure 1A). If that is not the
case, you should check the integrity of the hybrid substrates using the helicase PAGE

assay (section 3.4).
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30. With our standard helicase buffer, a small precipitate of potassium dodecyl sulfate
usually appears in the reaction aliquots. We do not eliminate this precipitate before
loading the samples on the gel as it does not affect electrophoresis.

31. Fluorescence from the bromophenol blue and xylene cyanol dyes can obscure analysis of

samples if the control lane is not far enough from sample gel lanes.
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FIGURE LEGENDS

Figure 1: Preparation of the RNA-DNA hybrid substrates for the fluorogenic Rho helicase
assay. (A) Schematic of the 2-step protocol described in text. (B) Representative image of the
UV-shadows observed upon UV illumination of the RNA preparative PAGE gel. (C)
Representative image obtained after Typhoon FLA9500 fluorescence imaging of a PAGE gel

used for RNA-DNA hybrid substrate preparation.

Figure 2: Detection of Rho-directed RNA-DNA hybrid unwinding with the fluorescent
microplate assay. Data in grey, black, blue, and red correspond to samples without Rho, with
Rho and ADP, with Rho and ATP, and with Rho, ATP, and 100 uM BCM, respectively. (A)
Representative graph showing raw fluorescence traces obtained with sample replicates from
the same experiment. (B) Graph showing the evolution of the averaged normalized
fluorescence signals as a function of time (see section 3.3, step 7). Data points were fitted to
an equation describing biphasic kinetics (pseudo-first order burst followed by linear steady-
state phase), as described previously [22,24]: F(t) = A(1 — e¥ex» t) + ky,t, where F(t) is
the fraction of unwound product, A is the amplitude of the exponential phase, and Kexp and kiin
are the rate constants of the exponential and linear phases respectively). (C) Box plot showing
the distribution of normalized fluorescence intensities values recorded att = 30 min (5to 7

independent experiments per tested condition).

Figure 3: Inhibition of Rho helicase activity by BCM. (A) Graph showing BCM inhibition
“endpoint” data (taken after 30 min of helicase reaction) obtained with the fluorescence

multiplate assay (section 3.3). The data points were fitted to a standard sigmoid inhibition

[BCM]™ . .
]n), where Igcwm is the normalized fluorescence

equation: Igcmy = (Fg — Fax X m
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intensity (at 30 min of reaction) as a function of BCM concentration, Fo is the fitted value of
Iscm at 0 uM BCM, Fmax is the maximal fraction of the signal that is sensitive to BCM, n is an
empirical parameter that defines the shape of sigmoid curve, and ICsg is the half-maximal
inhibitory concentration [23]. (B) Representative 8% PAGE gel showing Rho helicase
reaction products obtained under different reaction conditions with a tripartite RNA-DNA
hybrid substrate (Figure 1A) containing the unlabeled Oligo4 (Dabcyl-less, left) or Dabcyl-
labeled oligo2 (Dabcyl-plus, right) strand. Note that the presence of the Dabcyl quencher

prevents fluorescence detection of the Dabcyl-plus RNA-DNA hybrid species in the gel.
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Table 1: Sequences of the DNA oligonucleotides.

Name Sequence

Oligol 5’ Alexa488-CTT-CTC-GAG-GAT-CCA-GAT-CTG-ATA-CCA-TCG-3°
Oligo2 5’-CGA-TGA-ATT-CGA-GCT-CGG-TAC-CCG-CAG-Dabcyl-3’
Oligo3 5’-CTT-CTC-GAG-GAT-CCA-GAT-CTG-ATA-CCA-TCG-3’

Oligo4 5’-CGA-TGA-ATT-CGA-GCT-CGG-TAC-CCG-CAG-3°
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