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25 SUMMARY:
26  Protein binding microarray (PBM) experiments combined with biochemical assays link the
27  binding and catalytic properties of DNA primase, an enzyme that synthesizes RNA primers on
28 template DNA. This method, designated as high-throughput primase profiling (HTPP), can be
29  used to reveal DNA-binding patterns of a variety of enzymes.
30
31  ABSTRACT:
32  DNA primase synthesizes short RNA primers that initiate DNA synthesis of Okazaki fragments
33  on the lagging strand by DNA polymerase during DNA replication. The binding of prokaryotic
34  DnaG-like primases to DNA occurs at a specific trinucleotide recognition sequence. It is a pivotal
35 step in the formation of Okazaki fragments. Conventional biochemical tools that are used to
36 determine the DNA recognition sequence of DNA primase provide only limited information.
37  Using a high-throughput microarray-based binding assay and consecutive biochemical analyses,
38 it has been shown that 1) the specific binding context (flanking sequences of the recognition
39 site) influences the binding strength of the DNA primase to its template DNA, and 2) stronger
40  binding of primase to the DNA yields longer RNA primers, indicating higher processivity of the
41  enzyme. This method combines PBM and primase activity assay and is designated as high-
42  throughput primase profiling (HTPP), and it allows characterization of specific sequence
43  recognition by DNA primase in unprecedented time and scalability.
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INTRODUCTION:

HTPP makes use of DNA binding microarray technology combined with biochemical analysis
(Figure 1) to statistically identify specific features of DNA templates that affect the enzymatic
activity of DNA primase. Therefore, HTPP provides a technological platform that facilitates a
knowledge leap in the field. The classical tools used to determine primase recognition sites do
not have the ability to yield massive amount of data, whereas HTPP does.

PBM is a technique routinely used to determine the binding preferences of transcription factors
to DNAY?; however, it is not suitable for detection of weak/transient binding of proteins to
DNA. Unlike the universal PBM that provides information about average protein binding
specificity to all possible sequences consisting of eight base pairs, HTPP is based on the library
of single-stranded DNA templates comprising unique sequence elements. Such DNA sequence
elements involve tens of thousands short (few tens of bp) genomic sequences, as well as
computationally designed DNA sequences enriched in certain DNA repetitive sequence
elements present in the genome, which possess different average GC content. Such a high-
throughput approach allows determination of, in a systematic, quantitative, and hypothesis-
driven way, the sequence-related properties that are important for primase binding and its
enzymatic activity®. In particular, the important link between primase-DNA binding preferences,
(modulated by DNA sequences flanking specific tri-nucleotide binding sites) and primase
processivity has been identified for this enzymatic system?.

The new technology was applied to revisit our understanding of primase recognition sites even
for the T7 DNA primase that has been extensively studied®. Specifically, re-examination of
classical concepts, such as DNA recognition sites of T7 DNA primase (which were determined
almost four decades ago ) using protein-DNA binding microarray (PBM) has led to
unprecedented insight into features related to the flanking sequence of these recognition
sites®. It was expected that the sequences flanking tri-nucleotide recognition site of T7 DNA
primase (5'-GTC-3') will be random. Instead, we found that TG-rich flanking sequences increase
the chances of T7 DNA primase to synthesize longer RNA primers indicating an increase in
processivity.

Other methods that can be used to study DNA-binding properties of proteins in vitro include
the electrophoretic mobility shift assay (EMSA)’, DNase | footprinting®, surface-plasmon
resonance (SPR)% and Southwestern blotting'®. These are, however, low-throughput methods
only applicable to investigating a small number of DNA sequences. In addition, the precision
and sensitivity of some of these techniques (e.g., EMSA) is low. On the other hand, in vitro
selection! is a technique that, similarly to PBM, can be used for the identification of numerous
binding sequences. However, low affinity sequences are usually excluded in most applications
of in vitro selection; therefore, this approach is not suitable for obtaining comparative binding
data for all available sequences. The universal PBM? is mainly used to characterize the binding
specificities of transcription factors from prokaryotes and eukaryotes as well as specific factors
(e.g., presence of certain ligands, cofactors, etc.) that may affect this interaction??.
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HTPP expands the PBM application to DNA processing enzymes by combining unprecedented
high-throughput statistical power with high precision to provide information on binding
sequence context. Such data has not yet been obtained for primases and related enzymes (that
have weak/transient binding to DNA) due to aforementioned technical limitations of other
available techniques.

PROTOCOL:
1. Design of microarray

NOTE: DNA probes represent custom 36-nucleotide sequences, consisting of the recognition
site for T7 DNA primase (GTC) located between two variable flanking regions, followed by a
constant 24-nucleotide sequence tethered to a glass slide3. We used a 4 x 180,000 microarray
format, which enabled spotting of each DNA sequence in six replicates, randomly distributed on
the slide.

1.1. Design of DNA library for primases with known recognition sequences

1.1.1. Ensure that each sequence is composed of 60 nucleotides. Keep the first 24 nucleotides
constant (to be attached to the glass slide). Variable regions should have the following general
form: (N)16GTC(N)17; where N represents any desired nucleotide.

1.1.2. Design the flanking region to address a specific scientific question (an example of the
design is presented in the following text). The flanking regions may be designed to contain
specific features such as the repeat elements or specific symmetry.

NOTE: We have created eight categories of different flanking sequences composed of two or
three specific nucleotides: T and G (group 1); T and C (group 2); Cand A (group 3); Aand G
(group 4); G, Cand T (group 5); C, Tand A (group 6); G, Aand T (group 7); G, A and C (group 8).
2,000 different sequences were designed for each group. Each group had subgroups of
sequences with different types and different numbers of sequence repeats.

1.1.3 Include a set of negative control sequences (lacking the specific binding site)*. The
presence of such sequences allows to validate the occurrence of specific binding in the
experiment.

1.2 Design of DNA library for primases with unknown recognition sequences

1.2.1. If the recognition sequence is unknown, create the DNA library by selecting the
sequences (with or without specific features mentioned previously) from the genome of

desired organism (bacteria, fungi, etc.).

1.3 Design of microarray slide
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1.3.1. Purchase custom slides (e.g., 4x180K, AMADID #78366) from a commercial supplier (for
more details see Table of Materials). Order each sequence in six replicates, where each
replicate should be attached to a randomly selected spot on the slide.

2. Primase DNA binding experiment

NOTE: The day before (or at least 2 h before) the PBM, prepare the blocking solution [2% w/v
skim milk in phosphate buffer saline (PBS)] and stir it on a magnetic stirrer. Prior to use, filter
the solution with a 0.45 uM filter. To detect the primase binding to the DNA strands, several
steps should be performed in the following order.

2.1 Blocking procedure

2.1.1. Pre-wet the microarray slide in a Coplin jar with 0.01% v/v Triton X-100 in PBS (5 min at
125 rpm on a lab rotator).

2.1.2. Briefly wash the gasket slide (also referred to as coverslip) with water and ethanol and
dry using compressed air.

2.1.3. Assemble bottom part of steel hybridization chamber (PBM chamber) with the gasket
slide facing up (commercial label facing up). For more details regarding the assembly, refer to
the Table of Materials.

2.1.4. Pipet blocking solution (2% w/v skim milk in PBS) into each chamber.

2.1.5. Remove the microarray slide from the Coplin jar, then dry the non-DNA side (the DNA
should be on the same side as the company label) and edges using a fine wipe. Slowly place the
microarray on the gasket slide, avoiding bubbles (company label facing down). Immediately
assemble and tighten steel hybridization chamber apparatus. Incubate for 1 h at room
temperature (RT).

2.1.7. Fill one staining dish (the “PBS” dish) with 800 mL of fresh PBS. Fill a second staining dish
(the “WASH” dish) with 800 mL of freshly prepared 0.5% v/v Tween-20 in PBS.

2.1.8. Unscrew the PBM chamber and remove the microarray slide-coverslip “sandwich”, taking
care not to break the seal. Disassemble it underwater in the WASH dish by placing forceps
between the slide and coverslip.

2.1.9. Shake the microarray slide underwater and quickly transfer to a Coplin jar.

2.1.10. Wash once with 0.1% v/v Tween-20 in PBS (5 min at 125 rpm on a lab rotator).

2.1.11. Wash once with 0.01% v/v Triton X-100 in PBS (2 min at 125 rpm on a lab rotator).
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2.1.12 Quickly transfer the slide to a Coplin jar containing PBS.
2.2 Protein binding
2.2.1. Assemble the PBM chamber as previously described (steps 2.1.2-2.1.3).

2.2.2. Pipette protein binding mixture containing 5 uM T7 DNA primase, 6.5 mM MgCl,, 30 mM
K-glutamate, 6 mM dithiothreitol (DTT), 65 uM ribonucleoside triphosphate (rNTP), 2% w/v
skim milk, 100 ng/uL bovine serum albumin (BSA), 50 ng/uL salmon testes DNA, and 0.02% v/v
Triton X-100 (TX-100) into each chamber of the gasket slide (without touching the rubber sides
and without introducing bubbles).

2.2.3. Rinse the microarray slide briefly by dipping it in the PBS dish, which removes excess
detergent from the surface of the slides. Wipe the non-DNA surfaces of the slide with a fine
wipe.

2.2.4. Slowly lower the microarray slide (facing down) onto gasket slide, being careful to
prevent leakage from one chamber to another. Immediately assemble and tighten PBM
chamber apparatus without introducing bubbles. If bubbles do form, they can be removed by
gently tapping the steel chamber against a hard surface.

2.2.5. Incubate for 30 min at room temperature (RT).

2.3 Fluorescent antibody attachment

2.3.1. Unscrew the PBM chamber and remove the microarray slide-coverslip “sandwich”, taking
care not to break the seal. Disassemble underwater in the WASH dish using forceps. Shake the
slide underwater and quickly transfer to a Coplin jar containing PBS.

2.3.2. Assemble the PBM chamber with gasket slide as previously described (steps 2.1.2-2.1.3).

2.3.3. Add Alexa 488-conjugated anti-his antibody (10 ng/uL in binding buffer) to the gasket
slide.

2.3.4. Rinse the slide briefly by dipping it in PBS dish as before, then remove the slide from PBS
slowly, wipe the non-DNA surface and place it facing down onto gasket slide.

2.3.5. Incubate 30 min at RT in the dark (fluorescence probe is light- sensitive) to reduce photo-
bleaching.

2.3.6. Disassemble the PBM chamber and coverslip as before, removing the coverslip
underwater in the WASH dish.

2.3.7. Rinse the slides briefly by dipping them in the PBS dish. Dry the slides with compressed
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air. Store in the dark in a slide box until ready to scan.
2.4. Scanning the microarray slide

2.4.1. Scan the chip by using microarray scanner (refer to Table of Materials) with excitation of
495 nm and emission of 519 nm and collect the median fluorescence intensity.

3. Microarray data analysis
NOTE: All data processing was performed using custom written scripts in MATLAB.

3.1. Perform the initial PBM data processing using Wilcoxon rank sum test p-value as described
previously*.

3.2. Use the median value of the binding intensity for each DNA sequence for further analysis.
3.3. Next, using the one-way ANOVA p-values, compare statistical significance of the observed
differences in primase-DNA binding intensities obtained for different groups of DNA probes, as
explained above in the DNA library design section3.

4. Template-directed RNA synthesis catalyzed by T7 DNA primase

4.1. Preparation of denaturing polyacrylamide gel

4.1.1. To prepare 100 mL of gel mixture, combine 62.5 mL of 40% acrylamide-bisacrylamide
(19:1), 42 g of urea, 1.1 g of Tris base (2-Amino-2-(hydroxymethyl)-1,3-propanediol), 0.55 g of

boric acid, and 0.4 mL of 0.5 M ethylenediaminetetraacetic acid (EDTA) solution.

4.1.2. Divide the mixture into 14 mL aliquots (the amount needed for one gel of 16.5 cm x 26
cm x 0.3 cm) and keep them protected from light at 4 °C for up to 1 month.

4.1.3. To prepare one denaturing polyacrylamide gel, add 4 pL of TEMED and 40 pL of 10% w/v
ammonium persulfate to 14 mL of the previously prepared mixture, cast it, and leave it to
polymerize for at least 2 h at RT. The gel can be kept for one day at 4 °C.

4.2. Sample preparation

NOTE: Keep the reagents, reaction mixture, and samples on ice.

4.2.1. To prepare the reaction mixture required for ten reactions combine 11 pL of 5x activity
buffer (200 mM Tris-HCl, pH = 7.5; 50 mM dithiothreitol, 250 mM potassium glutamate, 50 mM

MgCl3), 5.5 pL of 2.5 mM mixture of nucleotide tri-phosphate (NTPs), and 5.5 pL of radiolabeled
ribonucleotide [e.g., ATP, (a-32P) 3000 Ci/mmol].
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NOTE: All amounts have been increased by 10% due to possible pipetting errors. Radiolabeled
ribonucleotides should be diluted according to the strength of radioactive signal (initial dilution
is usually 1:10 or more).

4.2.2. Transfer 2 uL of the reaction mixture to ten PCR tubes.

4.2.3. Add 1 pL of 100 uM DNA template to the corresponding PCR tube and spin down.
4.2.4. Add 2 pL of 16 uM T7 DNA primase, spin down, mix gently, and spin down again.
4.2.5. Incubate the reaction at RT for 20 min.

4.2.6. Stop the reaction by adding 5 pL of quenching solution (95% formamide, 20 mM EDTA,
0.05% w/v xylene cyanol and bromophenol blue), mix, and spin down.

4.3. Separation of RNA products by electrophoresis through denaturing polyacrylamide gel
and subsequent signal detection

4.3.1. Pre-run the gel for 1 h (10 mA, 600 V) in 1x TBE buffer (90 mM Tris-borate, 2 mM EDTA).

4.3.2. Load up to 2 pL of each sample and perform electrophoresis (20 mA, 1100 V) in 1x TBE
buffer (90 mM Tris-borate, 2 mM EDTA).

4.3.3. Dry the gel for 2 h at 80 °C under a vacuum.

4.3.4. Expose the phosphor imaging plate to radioactive gel for a few hours to overnight,
depending on the strength of radioactive signal.

4.3.5. Record the signal (photostimulated luminescence) by using phosphorimager (see Table of
Materials).

REPRESENTATIVE RESULTS:

This technological advance for mapping the primase binding sites allows the obtaining of DNA
binding properties that are difficult, if not impossible, to observe using classical tools. More
importantly, HTPP enables the revisiting of the traditional understanding of primase binding
sites. Specifically, HTPP reveals binding specificities in addition to known 5'-GTC-3' recognition
sequences, which leads to changes in functional activities of T7 DNA primase. Namely, two
groups of sequences were identified: strong-binding DNA sequences that contained T/G in the
flanks and weak-binding sequences that contained A/G in the flanks (all thymines in the strong-
binding templates were replaced by adenines). No primase binding to DNA templates that were
missing 5'-GTC-3"' within their sequence was detected.

The primase DNA recognition sites that contained specific features, such as T/G-rich flanks,
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increased primase-DNA binding up to 10-fold, and surprisingly also increased the length of
newly formed RNA (up to threefold) (Figure 2 in previous publication3). Importantly, HTPP
allowed us to observe and quantify the variability in primer length in relation to the sequence
of the DNA template.

FIGURE LEGENDS:

Figure 1: Schematic representation of high-throughput primase profiling (HTPP). (A) The slide
was incubated with the primase in activity buffer (40 mM Tris-HCI, pH 7.5; 10 mM MgCl,, 50
mM K-glutamate, 10 mM DTT, 100 uM rNTPs). Next, Alexa 488-conjugated anti-his fluorescent
antibody was introduced to label the protein. After the mild washing step, the slide was
scanned using microarray scanner. Binding affinity was determined according to the median
fluorescence signal and DNA sequences were divided into groups accordingly. (B) Biochemical
assays were performed to correlate the DNA-binding results obtained from the microarray
experiment, with the functional properties of T7 DNA primase.

Figure 2: Comparison of catalytic activity of T7 DNA primase on two groups of DNA templates
(strong binding with T/G in the flanks and weak binding with A/G in the flanks) obtained from
PBM. (A) RNA primer formation catalyzed by the T7 DNA primase. The reactions contained
oligonucleotides with the primase recognition sequence (numbered lanes), 32P-a-ATP, ATP, CTP,
UTP, and GTP in the standard reaction mixture. One group of DNA oligonucleotides (dark blue)
contained T/G in the flanks, whereas all thymines were replaced with adenines in the second
group (light blue). After incubation, the radioactive RNA products were separated by
electrophoresis through a 25% polyacrylamide gel containing 7M urea and visualized by
autoradiography. (B) Relative length (number of ribonucleotides constituting each RNA primer
is unknown) and amount of RNA primers synthesized by T7 DNA primase on two groups of DNA
templates (panel A). The plots show that longer RNA primers are synthesized (increased
processivity) on DNA templates that primase binds with higher affinity (that contain T/G in the
flanks) compared to the templates that are bound with lower affinity (that contain A/G in the
flanks). (C) Quantification of the amount of synthesized RNA primers on two groups of DNA
templates. The results demonstrate a correlation between the DNA-binding affinity and the
amount of synthesized RNA by the T7 DNA primase. AU (arbitrary unit) is the measure of
intensity of radioactive signal which directly correlates with the amounts of synthesized RNA
primers.

DISCUSSION:

The PBM method has been widely used to investigate binding properties of transcription
factors and can also be applied to DNA processing enzymes, such as DNA primase, that bind to
DNA with low affinity. However, certain modifications of experimental procedures are required.
The microarray experiment involves several steps: design of the DNA library, preparation of the
chip, binding of the protein target, fluorescent labeling, and scanning. Mild washing steps are
critical, since the long washes with solutions containing detergents cause dissociation of the
protein from the DNA template due to the weak/transient mode of binding. Other critical steps
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include binding conditions (e.g., buffer composition, cofactors) and incubation times that need
to be optimized for each specific enzyme.

The results obtained from microarray need to be validated in biochemical assays. Biochemical
assays also provide insight into interesting features of DNA processing enzymes such as the
correlation between DNA binding affinity and enzymatic activity/processivity. HTPP enabled us
to observe the effect of DNA binding on functional properties of T7 DNA primase. For example,
it has been observed that if primase exhibits higher binding affinity for the DNA template, it
catalyzes the formation of longer RNA primers (increased processivity).

Overall, the method presented in this article is fast, reliable, and provides the opportunity to
simultaneously test binding properties on tens of thousands of diverse DNA sequences in a
single experiment in a hypothesis-driven way. Addition of other proteins or metal cofactors to
the reaction mixture offers the possibility to investigate their effect on DNA binding properties
of primases in a fast, high-throughput manner. On the other hand, the application of this
method is limited by relatively high price of microarray slides and the safety precautions
required when handling radioactive material for primase activity assays.

It is important to note that different primases require modifications of both microarray binding
conditions and buffer conditions for activity assays. For example, primase of Mycobacterium
tuberculosis requires substitution of magnesium with divalent manganese in the reaction
buffer. Inappropriate metal cofactors or inappropriate reaction buffers may lead to poor
primase activity or decreased DNA binding affinity.

As mentioned previously, primases bind to DNA templates with weak affinity; therefore, gentle
washing steps are required during microarray binding experiment. Otherwise, they will be
washed out from the microarray slide, leading to loss of the florescent signal upon addition of
fluorescently labeled antibody.

To summarize, the DNA binding properties of many prokaryotic primases (including the
trinucleotide DNA recognition sequence) are still poorly understood, mostly due to the
technical limitations of currently available methods. HTPP represents a fast and efficient
platform for the discovery of the DNA recognition sites or investigations of other template-
related factors (i.e., overall nucleotide composition, GC content, presence of repetitive DNA
sequence elements and their symmetry) that affect the binding affinity and activity of ssDNA
binding enzymes. In addition, future applications may be directed towards the effects of
different proteins or cofactors on DNA binding affinity, recognition patterns, or functional
activity of primases and other DNA processing enzymes.
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Material Company Catalog Number
40% acrylamide-bisacrylamide (19:1)
) Merck 1006401000
solution
Sigma-
95% formamide Aldrich ~ F9037-100ML
Alexa 488-conjugated anti-his antibody Qiagen 35310
Sigma-
Ammonuium persulfate (APS) Aldrich  A3678-100G
Perkin NEGOO3H250
ATP, [a-32P] — 3000 Ci/mmol Elmer uc
Glentha
m Life
Boric acid, granular Sciences GE4425
Bovine Serum Albumin (BSA) Roche 10735094001
Sigma-
Bromophenol blue Aldrich  B0126-25G
Coplin jar
Sigma-
Dithiothreitol (DTT) Aldrich  D0632-25G
4x180K
(AMADID
DNA microarray Agilent #78366)
https://w
ww.agile
nt.com
Acros
Ethylenediaminetetraacetic acid (EDTA) Organics AC118430010
FUJIFILM
Fujifilm FLA-5100 phosphorimager Life
Science
Thermo
Glass slide staining rack Scientific 12869995 If several slides are used
Thermo
Lab rotator Scientific 88880025
Sigma-
Magnesium chloride Aldrich  63064-500G
Microarray Hybridization Chamber Agilent  G2534A https://www.agilent.com/cs/librai
Molecula

Microarray scanner (GenePix 4400A) )
r Devices
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Phosphate Buffered Saline (PBS)

Potassium glutamate

Ribonucleotide Solution Mix (rNTPs)
Salmon testes DNA

Skim milk powder

Staining dish

Tetramethylethylenediamine (TEMED)
Tris base (2-Amino-2-(hydroxymethyl)-1,3-

propanediol)
Triton X-100
Tween-20
Urea

Xylene cyanol

Sigma-
Aldrich
Alfa
Aesar
New
England
BiolLabs
Sigma-
Aldrich
Sigma-
Aldrich

Thermo
Scientific
Bio-Rad
Sigma-
Aldrich
Sigma-
Aldrich
Sigma-
Aldrich
Sigma-
Aldrich
Alfa
Aesar

P4417-
100TAB

Al172232

N0466S

D1626-1G

70166-500G

12657696

1610800

93362-500G

X100-500ML

P9416-50ML

uU6504-1KG

B21530
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:
(HTPP)

DNA sequence recognition by DNA-primase using high-throughput primase profiling

Author(s):

.Barak Akabayov

Stefan Ilic, Shira Cohen, Ariel Afek, Raluca Gordan, David B. Lukatsky, and

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

® Standard Access

Item 2: Please select one of the following items:

D Open Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Barak Akabayov

Department: Department of Chemistry

Institution:

nstitution Ben-Gurion University of the Negev
Title: PhD

Signature: M Aleabayov Date: 27.3.19

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Rebuttal Letter:

We would like to thank the editor and the reviewers for very insightful comment and we hope
that we have managed to address all of the raised issues as described in the following text. We
have modified the manuscript, figures and figure legends to present the method more clearly,
and in more detail, as required.

Editorial Comments:

® Protocol Language:

1) Please add steps under the subheading 1. At least 2 steps should be present under each
subheading. Format of titles (steps) was changed to subheading.

2) Avoid listing reagents required in the protocol. Use the table of materials instead.

A list of reagents was deleted from the manuscript a table of materials is added instead.

* Protocol Detail: Please note that your protocol will be used to generate the script for the
video, and must contain everything that you would like shown in the video. Please add more
specific details (e.g. button clicks for software actions, numerical values for settings, etc) to
your protocol steps where needed. There should be enough detail in each step to supplement
the actions seen in the video so that viewers can easily replicate the protocol.

More details were added and corrections were made according to the reviewer’s comments as
presented in the following text.

¢ Protocol Numbering: There must be a one-line space between each protocol step.
Spacing was added.

¢ Protocol Highlight: Please highlight ~2.5 pages or less of text (which includes headings and
spaces) in yellow, to identify which steps should be visualized.

¢ Discussion. Please ensure that the discussion covers the following in detail and in paragraph
form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique,
3) significance with respect to existing methods, 4) future applications and 5) critical steps
within the protocol.
The following text that covers the required topics has been added to the discussion:
1) modifications and troubleshooting,
“It is important to note that different primases require modifications of both microarray-
binding conditions and buffer conditions for activity assays. For example, primase of
Mycobacterium tuberculosis requires substitution of magnesium with divalent manganese
in the reaction buffer. Inappropriate metal cofactor or inappropriate reaction buffer may
lead to poor primase activity or decreased DNA-binding affinity. In addition, primases that
bind to DNA templates with weak interaction require gentle washing steps during
microarray experiment. Otherwise, they will detach from the microarray slide leading to
partial or complete loss of florescent signal upon the addition of fluorescently labeled
antibody.”
2) limitations of the technique,
“On the other hand, the application of this method is limited by relatively high price of
microarray slides as well as the safety precautions required when handling radioactive
material used for primase activity assays. “

*
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3) significance with respect to existing methods,

Significance was emphasized in several places. The following text was also added:

“To summarize, the DNA binding properties of many prokaryotic primases (including the
trinucleotide DNA recognition sequence) are still poorly understood, mostly due to the
technical limitations of currently available methods. HTPP represents fast and efficient
platform for achieving this goal.”

4) future applications

The following text was added:

“In addition, future application may be directed towards investigation of effect of different
proteins or cofactors on DNA-binding affinity, recognition pattern or functional activity of
primases and other DNA-processing enzymes. “

5) critical steps within the protocol

“Mild washing steps are critical, since the long washes with solutions containing detergents
cause dissociation of the protein from the DNA template due to the weak/transient mode of
binding. Other critical steps include binding conditions and incubation times that need to be
optimized for each specific enzyme. “

¢ References: Please do not abbreviate journal titles. Corrected

e Commercial Language: JoVE is unable to publish manuscripts containing commercial
sounding language, including trademark or registered trademark symbols (TM/R) and the
mention of company brand names before an instrument or reagent. Examples of
commercial sounding language in your manuscript are Agilent website
(https://www.agilent.com/), GenePix 4400A scanner (Molecular Devices),

1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial
sounding language in your manuscript with generic names that are not company-specific.
All commercial products should be sufficiently referenced in the table of materials/reagents.
You may use the generic term followed by “(see table of materials)” to draw the readers’
attention to specific commercial names.

Corrected

* Table of Materials: Please sort the items in alphabetical order according to the name of
material/equipment.
The table was corrected accordingly.

e If your figures and tables are original and not published previously or you have already
obtained figure permissions, please ignore this comment. If you are re-using figures from a
previous publication, you must obtain explicit permission to re-use the figure from the
previous publisher (this can be in the form of a letter from an editor or a link to the editorial
policies that allows you to re-publish the figure). Please upload the text of the re-print
permission (may be copied and pasted from an email/website) as a Word document to the
Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please
also cite the figure appropriately in the figure legend, i.e. "This figure has been modified
from [citation]."

The citation was added to both figures.


https://www.agilent.com/

Reviewer #1:

Major Concerns:
My main concern here is that more than one primases should have been used to demonstrate

wide applicability of this method. The T7 primase data are encouraging but is this particular
primase more suited to this method than other primases? Can you demonstrate wider
applicability?

The study was initially performed with T7 DNA primase and then it was extended to full gp4
protein (primase/helicase). We have also applied the same technique to investigate DNA-
binding properties and to discover the trinucleotide recognition sequence of DnaG primase from
Mycobacterium tuberculosis where we demonstrate wider applicability of the method
(unpublished data).

Minor Concerns:

Is the T7 primase the combined helicase-primase or just the primase?
We have tested both the primase fragment and full primase/helicase gp4 protein (not presented
in the manuscript for the sake of simplicity).

Would the binding site specificity be affected by the helicase-primase interaction?

We haven’t tested the binding specificity of full gp4 protein by microarray. However, in
biochemical assays we have observed the same activity pattern as for the primase fragment.
Therefore, we have concluded that the helicase doesn’t affect the binding specificity.

Line 97: change "costume" to "custom"
Corrected

page 203: Correct "ribnucleotide" to "ribonucleotide"
Corrected

Throughout the text all % values should be specified as w/v or v/v, as appropriate.
The values were specified accordingly.

Reviewer #2:

Manuscript Summary:

The methodological manuscript describes how to perform DNA binding experiments with T7
primase. The authors propose that the approach will help to "statistically identify specific
features of DNA templates that affect the enzymatic activity of primase." It is not clear what is
meant by this declaration, how the statistics is performed and why it is significant.

The more detailed statistical analysis is presented in section 3:

“All data processing was performed using custom written scripts in MATLAB. The initial PBM
data processing is performed using Wilcoxon rank sum test p-value as described before. The
median value of the binding intensity is then taken for each DNA sequence for further analysis.
Next, using the one-way ANOVA p-values, we compare statistical significance of the observed
differences in primase-DNA binding intensities obtained for different groups of DNA probes, as
explained above in the DNA library design section. “



For example, how the DNA microarray should be designed to apply to other primases that do
not have a strict recognition site?

The following paragraph covering this subject has been added to the discussion:

“To summarize, the DNA binding properties of many prokaryotic primases (including the
trinucleotide DNA recognition sequence) are still poorly understood, mostly due to the technical
limitations of currently available methods. HTPP represents fast and efficient platform for the
discovery of the DNA recognition site or investigation of other template-related factors (overall
composition, repeats, symmetry) that affect the binding affinity and activity of ssDNA-binding
enzymes. In addition, future application may be directed towards the effect of different proteins
or cofactors on DNA-binding affinity, recognition pattern or functional activity of primases and
other DNA-processing enzymes.”

Major Concerns:

Essentially, the manuscript attempts to provide some details of experimentation that are
already present in the interesting iScience paper published a year ago. Many sentences and
even illustrations are directly taken from the previous publication (e.g., compare the gel on
the right part of Fig 1 of the current manuscript and the gel image in Fig 1D of the iScience
paper). It is not clear why it is important to duplicate the information in additional paper.
The figure has been changed to add additional aspects of the methodology.

It remains unclear what conclusions are derived from "massive amount of data" because no
analysis of the results with around 30,000 sequences is described (just examples are shown),
while the enzymatic activity is tested only for a few sequences.

Enzymatic activity is the “standard way” to evaluate recognition sequence of a primase. Because
it is limited in the amount of data it provides it serves as a validation phase after PBM where
“massive” binding data for primase is first evaluated. Representative data for enzymatic activity
is presented for 10 pairs of DNA template.

The results with control sequences with no 5'GTC site or with no primase would be interesting
to see to understand the contribution of non-specific binding.

The following sentence was added to section 3: “Control oligonucleotides that didn’t contain 5'-
GTC-3' were also used. “ The following sentence was added to the results section: “No primase
binding was detected to DNA templates that were missing 5'-GTC-3' within their sequence.”

It is also not clear if the claim that the primase that binds more tightly has elevated
processivity is based on single-hit conditions of the reaction. Unfortunately, the current
submission confuses the reader.

Initial studies with T7 DNA primase were performed with 1:3 primase-DNA ratio. However,
when the study was extended to full gp4 protein 1:40 ratio was used (single-hit conditions) and
the same pattern was observed.

The most critical steps of the protocol are described lightly (design of oligonucleotides, making
the arrays, types of controls needed, the steel "PBM" chamber, what platform is used for
mixing), while the authors describe in unnecessary precision how to make PAAG gels, the
common knowledge.

Design of oligonucleotides: More details were added to section 1.

Making the array: The array is commercial. Therefore, we don’t have the information regarding
the manufacturing procedure.

Types of controls needed: Section 1.1.5 was added to describe the control oligos.
The term “steel PBM chamber” has been changed to “steel hybridization chamber (PBM
chamber)” and the details were added to the table of materials.



The platform used for mixing is a lab rotator, and this information has been added to the
protocol.

Minor Concerns:
Line by line comments.

Text:

52. Explain what is "statistically identify".

This has been explained in more detail in section 3.

53. Explain what "knowledge leap" is achieved.

For the first time we have shown a link between the DNA binding affinity and functional activity
(processivity) of important DNA-processing enzyme.

67-68. The meaning of the sentence is difficult to understand.

The sentence has been rephrased: In particular, the important link between primase-DNA
binding preferences, modulated by DNA sequences flanking specific tri-nucleotide binding sites,
and the primase processivity, has been identified for this enzymatic system.

73. Reveal, what "unprecedented insight" was achieved.

The composition of the sequences flanking the known trinucleotide recognition sequence affect
the primase binding affinity, resulting in different functional activity.

80. Are the authors sure about "Southern blotting"?

Corrected to southwestern blotting.

89-90. So far, the reader sees that the "unprecedented power" resulted in the only two classes
of low binding and high binding sequences.

We have also identified intermediate DNA-binding affinity. However, we have focused on the
two groups of DNA templates (week-binding and strong-binding) hoping to observe more
distinctive effects on functional activity.

196. Molar concentration should be given.

Values were changed to molar concentrations.

275-276, 279. The idea of increased processivity is not proven, in the absence of the info on
how single-hit conditions were met.

These conditions were met with full gp4 protein (not presented in this manuscript) as described
above.

Figures:

Fig 1.

a. Why AAC sequences are in bold? Note that in similar Fig 1B in iScience paper GTC sequences
are in bold. Changed to GTC.

b. The flow diagram creates an impression that the binding and activity experiments are
directly connected, while they are not. Only a few sequences are used for the activity, in a
different experimental setup. The figure has been changed accordingly.

Fig.2

a. How are "pairs" defined and selected? Do the numbers in panel A. correspond to these
pairs as in panel C? Why ten pairs are shown, do they represent specific classes?

Text in Figure 2 and results were modified for clarification: ...“two groups of sequences were
identified: strong-binding DNA sequences that contained T/G in the flanks and weak-binding
sequences that contained A/G in the flanks (all thymines in the strong-binding templates were



replaced by adenines). Ten pairs were chosen that present the best binding values to primase. “
b. What is the primase activity unit, what is "AU" in panel C?

The following statement was added to Figure 2: “AU (arbitrary unit) is the measure of intensity
of radioactive signal which directly correlates with the amounts of synthesized RNA primers. “
c. Typo in "relative". What is relative primer length? What is relative signal?

Fixed.

The term relative indicates that the number of ribonucleotides constituting each RNA primer is
unknown. This statement was added to Figure 2 legend: Relative length (number of
ribonucleotides constituting each RNA primer is unknown) and amount of synthesized RNA
primers by T7 DNA primase.

Reviewer #3:

Manuscript Summary:

Describes a method for measuring the binding affinity of T7 primase to a large collection of
ssDNA sequences, using PBM technology. It then separately measures amount and length of
primers made for a small subset of those sequences, chosen to highlight specific feature
differences between low and high affinity sites. The results about the effects of context on
primase binding and activity are interesting.

Major Concerns:
none

Minor Concerns:

they highlight that this is a high-throughput method, which is true for the binding assays. but
for the primer length and quantitation it uses standard (i.e. low throughput) EMSA technique,
which is clear once you've read it but that seems to be glossed over in the abstract/intro.

The biochemical assays serve to validate results we obtain from high-throughput microarray
binding assay. Overall, the method enables us to rapidly identify a small group of DNA templates
with interesting features and examine their effect on functional activity of DNA primase.

Reviewer #4:
Manuscript Summary:

This manuscript presents the protocol for HTPP (high-throughput primase profiling), an in vitro
assay capable of measuring the DNA binding and the catalytic properties of DNA primase in a
high-throughput manner. The assay overcomes the limitations of the conventional methods,
including the characteristics of low-throughput and the failure of detecting low-affinity binding,
thus allowing to reveal the specific binding mechanism of DNA primase and insights into the
behavior of primer synthesis through a large-scale analysis.

The protocol introduced here is clearly explained and can be helpful for other potential
applications or later extensions to a variety of enzymes. Overall, this is an important work worth
publishing; however, the manuscript in the current form provides insufficient information in
some places, possibly hindering the reproducibility and concept delivery of the experiment. |
suggest the authors should clarify the following concerns and look forward to seeing this work
getting published.



Major Concerns:

1. The authors mention that HTPP has the ability to measure low-affinity bindings of DNA
primase comparing to the other conventional methods such as PBM. However, | don't see the
detailed explanation of how this can be done in the sections of Introduction and Protocol.
Even though the authors in the Discussion have mentioned the mild washing step, it still
unclear whether this is the main factor allowing to detect low-affinity bindings or there are
other factors, such as specific incubation conditions, buffer conditions, etc. of the protein and
the antibody. The authors should emphasize this in the section of Protocol.

This segment has been added to the Discussion: “Mild washing steps are critical, since the long
washes with solutions containing detergents cause dissociation of the protein from the DNA
template due to the weak/transient mode of binding. Other critical steps include binding
conditions (e.g. buffer composition, cofactors) and incubation times that need to be optimized
for each specific enzyme. “

2. The authors solely provide a link for the commercial company, Agilent, where one can buy
the microarray conducted in this experiment; however, the information provided is
insufficient, which may cause confusion during the reproductive work. The authors should
provide detailed information about the microarray used in the experiment such as the format
and the size of the microarray.

We have added the following description to section 1: “DNA probes represent custom 36-
nucleotide sequences, consisting of the recognition site for T7 DNA primase (GTC) located
between two variable flanking regions, followed by a constant 24-nucleotide sequence tethered
to a glass slide (Afek et al. iScience 2019). We used 4x180K microarray format which enabled
spotting of each DNA sequence in six replicates, randomly distributed on the slide.”

3. The authors do not provide enough information on how they chose the sequences on the
microarray. For example, do (N)17 and (N)16 share the same distribution (similar DNA
composition) or not?

Section 1.1.4 was added for more detailed describe of the sequences.

In addition, is there any specific reason for choosing 'GTC', the specific binding site for the
recognition of the DNA primase, as the first triplet in the last 24 constant nucleotides? DNA
primase may have a chance to bind at this position. If so, how can the authors support the
claim that this recognition is due to the flanking variation.

The general sequence of oligonucleotides on microarray was corrected to:
GTCTTGATTCGCTTGACGCTGCTG(N)16GTC(N)17

Please note that the first GTC in the constant region is attached to the glass slide and therefore
the primase can’t bind to it.

4. The authors do not introduce any control to the experiment in the manuscript. The authors
need to clarify.

Control samples (DNA without 5’-GTC-3’) were used in the microarray experiment and no
binding was observed. The following sentence was added to the section 3: “Control
oligonucleotides that didn’t contain 5'-GTC-3' were used to detect non-specific binding.

The following sentence was added to the Results section: No primase binding was detected to
DNA templates that were missing 5'-GTC-3' within their sequence. “



5. It would be much more formal and apt to provide the full name of a term before using its
abbreviation in the first instance; for example, Phosphate Buffered Saline (PBS).
Terms names were corrected along the manuscript.

6. The authors do not explain why the mixture has been dived into seven plastic tubes in Step
4.1.2. The authors should explain this.

This has been clarified: “Divide the mixture into 14 mL aliquots (the amount needed for one gel
of 16.5 cm x 26 cm x 0.3 cm) and keep them protected from light at 4 °C for up to one month. “

7. The authors mention two groups of DNA templates obtained from PBM in Figure 2, but do
not explain what these groups represent. The authors should provide more information on
this.

This has been clarified both in the figure title and the figure legend.

Minor Concerns:
1. Inline 135 on page 3, 5 uM T7 DNA primase -> n
Corrected

2. The authors do not do punctuation well. For example, there are plenty of missing periods in
the end of the sentences.
Corrected

Reviewer #5:

Major Concerns:
I have no major concerns.

Minor Concerns:

1. The manuscript needs copy-editing for grammar, sentence construction and language.
Notable are (i) the sentence beginning at line 63 is confusing,

Rephrased to: Such high-throughput approach allows us to determine, in a systematic,
guantitative, and hypothesis-driven way, the sequence-related properties that are important for
primase binding and its enzymatic activity

(ii) "costume" should be "custom" at line 97, Corrected

(iii) delete "add the array" at line 146, Deleted

(iv) ribonucleoside triphosphate at line 203, Corrected

(v) phosphorimaging plate at line 222. Corrected

2. The running buffer for gel electrophoresis is not described. Added to steps 4.3.1 and 4.3.2.

3. Figure 2: "relative" not "realitive". Corrected

It is also not clear what "relative primer length" actually means - relative to what? Surely each
peak in the scans corresponds to progressively longer primers, so the actual lengths can be
counted.



This has been clarified in the figure legend: “Relative length (humber of ribonucleotides
constituting each RNA primer is unknown) and amount of synthesized RNA primers by T7 DNA
primase. “

The reader is also unclear from the legend what are the template pairs in two different shades
of blue both in the gel and the scans - how do they differ, in a general way?

This has been clarified both in the figure title and the figure legend.

Further comment: This comment does not necessarily impact on this methods manuscript, but
does impact on the interpretation of data here and in reference 3. The composition of the
ssDNA microarray described at line 101 (and in ref. 3) appears to show a design error in that
the 5'-GTC-3' primase recognition site at which primer synthesis begins actually occurs twice
in each oligo, i.e. between the two variable regions (as designed) and at the beginning of the
24-Nt spacer region. It is unclear why a primase monomer would not bind at either (or both)
of these sites, but this does not apparently lead to a high background in the microarray data
or heterogeneity in primer synthesis. A possible explanation for this conundrum is that
primase actually binds to both sites separated as they are by ~20 Nt, as a dimer, but primers
are synthesized only from the distal site. If this could be tested, it could comment on the
speculation in literature that bacterial primases actually function as dimers. It might also
explain the lower than expected frequency of primer synthesis/utilization during DNA
replication (i.e. the recognition site would now be two GTCs separated optimally by a certain
distance, which might correspond better to observed Okazaki fragment lengths). It would also
explain a puzzling aspect of this work; i.e. how it is that primase binding to a single recognition
site, which is known to be weak and transient, can survive the washing steps used in the
microarray detection protocol. Much stronger binding of a dimer to both sites would explain
this. What is the effect of eliminating one or other of the GTCs on either the microarray data
or primer synthesis?

The general sequence of oligonucleotides on microarray was corrected to:
GTCTTGATTCGCTTGACGCTGCTG(N)16GTC(N)17

Therefore, the first GTC in the constant region is attached to the glass slide and the primase
can’t bind to it.



