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Advantages of Smart-RNA-Pull™

€ This kit is suitable for adherent cells, suspended cells, animal tissues, plant
tissues, and purified recombinant proteins. It is suitable for various length and
complexity RNA probes labeled with terminal biotin. Proteins that are
endogenous, overexpressed, or translated in vitro are suitable as sample types.

@ This kit uses biotin labeled RNA probes to directly capture the target protein.
Pull down does not require antibodies or centrifugation. After completing the
RNA labeling reaction, very little manual operation time is required (less than 3
hours).

€ This reagent kit is suitable for the interaction between RBP and mRNA, RBP and
LncRNA, RBP and miRNA, RBP and circRNA, as well as downstream Western
blot verification detection of known proteins and mass spectrometry
identification of unknown proteins.

€ This manual is a comprehensive technical manual for RNA Pull down
experiments, summarizing detailed information on the interaction between RNA
and various proteins. After reading this nanny level manual, all difficulties will
be easily solved, and RNA Pull down is within your grasp.

RNA Pull-Down Kit

RNA - Protein Interaction In Vitro

a a
g

Catalog No: IF9608

For Research Use Only.
CAUTION: Mot intended for human or animal diagnostic or therapeutic uses.
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Part 1: Background

RNA protein interaction

In fact, 95% of the human genome does not encode proteins, but produces a large number of non
coding RNAs (ncRNAs). These RNAs play an important regulatory role in the growth and
development of life, are closely related to HIV / AIDS, leukemia, diabetes and other diseases,
and participate in the regulation of stem cell development and epigenetics. RNA protein
complexes drive post transcriptional regulation of gene expression in almost all cellular
processes, including splicing, nuclear export, mRNA stability, and protein translation. Therefore,
the understanding of post transcriptional regulatory networks and mechanisms depends on
determining the changes in RNA binding in these processes.

RNA binding proteins control many aspects of cell biology by binding to single stranded RNA
binding motifs (RBMs). However, RBM can be hidden in its local RNA structure, thereby
inhibiting the interaction between RNA and protein.

The research on the interaction between RNA and protein has attracted more and more attention
of scientists, and has become a hot spot of epigenetic research.

At present, the hotspots of RNA research are mainly mRNA, IncRNA, miRNA and circRNA.
The magnetic beads RNA protein pull-down capture kit provides researchers with a simplified
and efficient method, using terminal biotin labeled RNA as bait to enrich proteins interacting

with RNA.

It is applicable to the interaction between RBP and mRNA, RBP and IncRNA, RBP and miRNA,
RBP and circRNA.

Western blot for known proteins and mass spectrometry identification for unknown proteins.

Engibody Biotechnology, Inc. | www.engibody.com
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Part 2: Technical Principle and Process

Technical Principle:

When the RNA probe immobilized on the streptavidin magnetic beads is mixed with the protein sample and incubated, the
protein in the sample that can bind to the RNA probe is captured by the probe and forms a protein-probe complex with the probe.
After washing and elution, the target protein is obtained. For unknown proteins, mass spectrometry can be used for identification,

and for known proteins, WB experiments can be used for verification.
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Part 3: Experimental Group and Control

Experimental grouping
Treated samples in the experimental group and Control samples in the control group

In the experimental design, a minimum of one group each for the treated group and the
control group should be set up, with a minimum of three biological replicates per group.
Based on the varying drug concentrations or treatment durations in the experimental
groups, multiple experimental groups with different gradients can be established.

Control

1. Negative control:
It is necessary to set up a negative probe, which can be a mutant probe, an anti-sense
probe, or a poly-A probe.

2. Input control:

It is necessary to set up a protein sample that does not undergo RNA probe-protein
binding, washing, elution, and other pull-down steps, and is directly used for downstream
WB

Engibody Biotechnology, Inc. | www.engibody.com
6/39


http://www.engibody.com

Engibody“ PRODUCT DATA SHEET

BIOTECHNOLOGY

RNA pull-down
Probe, NC, Input

protein extraction

S : e et ey
RNA ! RNA ; Input
pull-down pull-down P

Positive Probe Negative Probe

Probe capture protein ,l,

Com—

Wash

Elution

Downstream Western blotting

Engibody Biotechnology, Inc. | www.engibody.com
7/39


http://www.engibody.com

Engibody‘“' PRODUCT DATA SHEET

BIOTECHNOLOGY

Part 4: RNA Pull-down Results Display

The most classic results of RNA and RBP interactions are shown below:

Two RNA probes are required for each target protein. For example, the RNA binding
protein HuR can bind to the Androgen receptor 3-UTR RNA, so each set of probes
contains two probes, as shown below:

A. Biotin-labeled wild-type AR 3'-UTR RNA probe
5’-CUGGGCUUUUUUUUUCUCUUUCUCUCCUUUCUUUUUCUUCUUCCCUCCCUA-3’
250pmol (in 25puL)

B. Poly-A negative control probe
poly(A)25 RNA, 250pmol (in 25uL)

HuR

RNA Pull-Down and WB assay of the HUR example

Engibody Biotechnology, Inc. | www.engibody.com
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Part 5: Components of RNA Pull-down Kit

IF9217

(non-denaturing, solution B)

QuickStain™ One-Step Protein Gel
(PAGE) Blue Stain

50 mL

R-pull-010 | DNase | (Enzyme and 10xBuffer) 100 U
R-pull-011 RNase Inhibitor 50 pL
R-pull-012 | tRNA (10 mg/mL) 50 puL
R-pull-013 | 50% Glycerol 500 pL
R-pull-014 | R-pull Loading Buffer (5X) 1mL
AT0098 Goat anti mouse Conjugated HRP 100 uL
AT0097 Goat anti rabbit Conjugated HRP 100 uL

9/39
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ITEM NAME SIZE NOTE
The following components need to be stored at 4 ° C upon receipt.

IF9304 Streptavidin Magnetic Beads 1mL |+4°C Magnetic beads
Note: The surface of Streptavidin magnetic ?h(’“'d ”oé be |
beads has been pre coated with nucleic acid ngﬁgtor e
oligo, which can minimize non-specific centrifuge at
binding to the probe to the greatest extent high speed
possible

R-pull-002 | 1 XRNA Capture Buffer 5mL ([+4°C

R-pull-003 | 1 X Magnetic Beads Wash Buffer 20mL [ +4°C

R-pull-004 | 10X Protein-RNA Binding Buffer 1mL |+4°C

R-pull-005 | R-pull 1XWash Buffer 15mL |+4°C

R-pull-006 | R-pull Elution Buffer (Denaturing) 1.5mL |+4 °C

R-pull-007 | R-pull Elution Buffer 4 mL +4 °C
(non-denaturing, solution A)

R-pull-008 | R-pull Elution Buffer 0.5mL [+4°C

Used for the
removal of DNA
from cell lysate

For SDS-PAGE

For WB

For WB
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Part 6: Required Instrument and Consumables
The instrument, consumables and reagents listed below are to be provided

by the user

General Reagents

Name Brand Cat no Note

NE-PER™ Nuclear and Cytoplasmic Thermo 78835 For protein preparation

Extraction Reagents

DEPC-treated Water It can prevent the
degradation of RNA
probes

Protease Inhibitor Cocktail ROCHE

Short-strand RNA probe (3' terminal custom synthesis For miRNA probe

biotin labeling)

Long-sttrand RNA probe (prepared by For mRNA probe and Inc

T7 in vitro transcription) RNA probe

T7 in vitro transcription and biotin Engibdoy IF9670 For RNA in vitro

labeling kit transcription and biotin
labeling

Ready-to-use Bradford protein assay kit 7J104 Faster than the BCA

(including ready-to-use standard BSA, method, incubate at room

compatible with detergent) temperature for 3-5
minutes

Biotin 3' End RNA Labeling Kit (T4 Engibdoy IF9504 For RNA biotinylation

RNA Ligase + Cytidine-5'-diphosphate) (length range 22 - 450 nt)

Biotin 3' End RNA Labeling Kit (T4 Thermo 20160 For RNA Biotinylation

RNA Ligase + Cytidine-5'-diphosphate) (length range 22 - 450 nt)

Instrument and Consumables

Name Brand Cat no Note

Cell scraper

Doune's glass homogenizer | Sigma D9063

Cell Strainer fisher 70 um

Orbital shaker SCILOGEX

Vortex mixer

Engibody Biotechnology, Inc. | www.engibody.com
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rotating mixer

micro high-speed freezing
centrifuge

Low Speed Centrifuge

thermostatic metal bath

ultraviolet photometer Nanodrop
Chemiluminescence 6100
imaging instrument

Vertical electrophoresis WIX

tank

Transfer electrophoresis WIX

tank

RNase-free centrifuge tube

RNase-free tips

Experimental Protection:
® Please wear lab coats, masks and gloves during the experiment to avoid inhaling

reagents.

® Protease Inhibitor Cocktail 1s toxic, avoid inhalation and skin contact.

® When preparing DEPC water, it is important to note that DEPC itself is a potential
carcinogen and has strong irritation to the eyes and airway mucosa. Therefore,
appropriate safety measures are required when preparing DEPC water.

Engibody Biotechnology, Inc. | www.engibody.com
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Part 7: RNA Pull-down Protocol

Three keys for successful RNA Pull-down
1. To prevent the degradation of RNA probes by exogenous and

endogenous RNA enzymes, it is necessary to wear masks, gloves,
and hats throughout the entire process and frequently change
them. All glassware must be baked in a dry oven at 200°C for

more than 2 hours. Materials that cannot be baked, such as plastic,
need to be treated with DEPC water and then cleaned with
nuclease-free water.All reagents or devices used for RNA should be
designated for RNA use only, and an independent RNA
experimental operation area should be established.

Ubiquitous RNA enzyme

RNase is an endonuclease that hydrolyzes RNA, mainly cutting the
phosphodiester bond between nucleotides.RNAse molecules are very stable,
with disulfide bonds in their structure, and their activity does not require the
presence of divalent cations. Therefore, RNAse is not prone to denaturation,
and even after high temperatures or the use of denaturants, it is prone to
renaturation.RNA enzymes are divided into endogenous and exogenous
types, with endogenous RNA enzymes being released simultaneously when
cells rupture. Therefore, eliminating the effects of endogenous RNA enzymes
is a crucial step in RNA experiments.Exogenous RNA enzymes are widely
distributed, and RNA enzymes are present in the air, human skin, hair, and
saliva, which is an important reason for the degradation of RNA.

2. Principles for the Design and Optimization of RNA Probe
Sequences
1) Selection of probe RNA sequence: Different types of RNA have different requirements for

selecting target binding sequences. Select RNA sequences that contain RBP protein binding sites
(such as the iron response element IRE in the 5S'UTR or 3'UTR region of mRNA molecules).

2) Double-stranded or single-stranded RNA probes: If the binding of RBP protein to RNA

occurs on double-stranded RNA, the designed RNA probe should also pay attention to the
formation of double-stranded secondary structure in the target region.

Engibody Biotechnology, Inc. | www.engibody.com
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The following figure shows three ways of RNA and protein binding: binding to the single-
stranded region of RNA, binding to the double-stranded region of RNA, and indirect binding to
RNA.

double-stranded RNA single-stranded RNA o indirect RNA
binding protein @ binding protein binding protein %X Crosslinking event

3) Probe sequence length: The length of RNA probes should be determined based on the type of

target RNA. miRNA probes are usually full-length sequences ranging from 22 to 30 base
pairs.The IncRNA probes and mRNA probes are longer and vary in length.

4) GC content: The GC content should be between 40-60% to ensure the stability and solubility

of the probe.Excessively high or low GC content may affect the specificity and binding
efficiency of the probe.

5) Probe purity: The probe should have high purity to avoid non-specific binding and
background interference.The probe can be purified by HPLC or PAGE.

3. Different preparation strategies for different types of
RNA probes

1) miRNA probes are usually full-length sequences, ranging from 20 to 30 base pairs.It can be
produced through chemical synthesis, and then labeled with biotin using T4 RNA ligase.

The information of the labeling kit used is as follows:

Biotin 3' End RNA Labeling Kit (T4 Engibdoy Catno: IF9504 For RNA biotinylation
RNA Ligase + Cytidine-5'- (length range 22 - 450 nt)
diphosphate)

2) LncRNA probes and mRNA probes are relatively long, and are generally prepared using T7
in vitro transcription.

The information of the labeling kit used is as follows:

T7 in vitro transcription and biotin Engibdoy 1IF9670 For RNA in vitro
labeling kit transcription and biotin
labeling
Note:

Engibody Biotechnology, Inc. | www.engibody.com
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If necessary, the following positive (wild type) and negative (mutant type) control RNA probes
can be synthesized and labeled (the highly conserved mRNA 3' UTR or 5' UTR iron response
element IRE and iron regulatory protein IRP1, IRP2 binding are the most classic RNA sequence
and protein binding interactions.)

Biotinylated IRE RNA, 50uL, 125nM

The sequence is shown in the following

Nrf2

-4 5kb -4 dkb 3
d human ferritin H

B3 T |RE Sl

wt: [Btn]s--GGUUUCCUGCUUCAACAGUGCUUGGACGGAAC-3-
mt: [Btn]s'-GGUUUCCUGCUUCAAGCUCCGUUGGACGGAAC 3

4. maintenance of natural protein conformation

If it 1s a cytoplasm or nuclear protein extract, it is necessary to ensure that there is not too much
denaturant such as SDS during extraction to maximize the retention of the natural conformation

of the protein. If protein denaturation occurs and the spatial structure disintegrates, it will be
difficult to bind with RNA probes.

If it is to express purified recombinant proteins, it is necessary to select an expression system.
Prokaryotic proteins can be expressed in E. coli expression systems, eukaryotic proteins can be
expressed in yeast systems, and mammalian proteins are best expressed in insect or HEK293
cells, as this allows the expressed proteins to closely resemble their in vivo state, which is
beneficial for the success of RNA Pull-down.

Preparation before the experiment

1. Formulate a reasonable experimental plan

Design positive probe sequences and negative control probe sequences according to the research
purpose, and develop Input, NC, and wild-type probe sets.

2. Reagent Preparation

B [fthe downstream is a Western blotting experiment, all the instruments, reagents, and
consumables for the WB experiment need to be prepared.

B If the downstream is MS mass spectrometry identification, it is necessary to prepare the
instrument reagents and consumables for SDS-PAGE gel running

3. Sample preparation

Engibody Biotechnology, Inc. | www.engibody.com
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® Animal cells: 20 million cells per sample (the number of cells in two 15cm culture dishes
when the cells have grown to 80%-90% confluence)
® Animal viscera tissue: about 400 mg per sample, preferably fresh tissue
® Plant young tissues: about 700 mg per sample, preferably fresh tissues

Experimental Procedure:

Question:
How much protein and labeled probe is required for RNA Pull-down experiments?

Answer:

® Protein

For each specific binding protein and probe, the required amount of purified protein, cytosolic or
nuclear protein extract is as follows:

Generally, the amount of purified protein used is between 0.5-5ug, and using crude cytoplasmic
or nuclear protein extracts requires 5-20ug of protein to initially form specific complexes.

® RNA probe
For every 25-50uL of streptavidin magnetic beads, 50-100 pmol of biotin-labeled RNA probe is
used.

Purified proteins, cytosolic or nuclear protein extracts should be stored at -80°C, and probes
should be stored at -80°C to prevent degradation.

Both the probe and the binding protein should avoid multiple freeze-thaw cycles.

Step 1: Preparation of protein sample

The protein sample types for RNA Pull-down can be total protein extracted from
tissues, cytoplasmic protein, nuclear protein, or purified recombinant protein.
Proteins translated in vitro can also be used to test the ability of proteins to bind to
RNA targets.

1.1, Extraction of cytoplasm, nuclear proteins, or expression and purification of

recombinant proteins

® Adherent cultured cells and suspension cultured cells can directly use the nuclear
protein extraction kit to extract cytosolic proteins or nuclear proteins. It is

Engibody Biotechnology, Inc. | www.engibody.com
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recommended to use NE-PER™ Nuclear and Cytoplasmic Extraction Kit (Product No.
78835).

® Plant and animal tissues need to be placed on ice in a clean petri dish and quickly cut
into millimeter-sized pieces with small scissors. Then, they are homogenized in liquid
nitrogen and extracted with a nuclear protein extraction kit to prepare for use.
Note: Cutting tissue needs to be operated on ice for no more than 20 minutes to
prevent protein degradation.

® Some proteins with low natural abundance in cells are best expressed and purified in
vitro (prokaryotic proteins can be expressed in E. coli expression systems, eukaryotic
proteins can be expressed in yeast systems, and mammalian proteins are best
expressed in insect or HEK293 cells). After obtaining high-concentration and high-
purity target proteins, RNA Pull-down experiments can be performed.

1.2, The protein concentration was determined using the ready-to-use Bradford protein
assay kit (detergent compatible, product number ZJ104). The protein was added in equal
amounts for subsequent experiments.The obtained protein sample should be stored in a
refrigerator at -80 degrees.

Ensure that the protein concentration of the cell lysate is greater than 2 mg/mL, so that the
protein abundance in the binding reaction buffer is sufficient. If high salt or detergent
interferes with the binding reaction, a desalting column can be used to remove interfering
substances.

Note:

The obtained protein sample needs to be divided into three parts (5% of the total volume
is taken as Input, and the remaining sample is divided into two equal parts). The first part
is the wild-type probe pull-down group, the second part is the negative control probe pull-
down group, and the third part is the Input group.

The first and second protein samples are subjected to the subsequent pull-down step,
while the third Input group sample is left at -20 degrees and will be directly used for the
subsequent WB experiment.

® Biotin-labeled mRNA 5" or 3’'UTR probes and IncRNA probes

Engibody Biotechnology, Inc. | www.engibody.com
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Long RNA single strands require the use of a commercial T7 in vitro transcription and

biotin labeling kit (Engibody, Cat no: IF9670) to biosynthesize and complete biotin
labeling.

® Biotin-labeled miRNA probe
miRNA probes are short, and synthetic companies can chemically synthesize biotin

Labeled miRNA single strands.

® Some popular RBP proteins have commercial RNA pull-down probes that can be

purchased and used directly.

For each target protein, two RNA probes need to be designed. For example, the RNA
binding protein HuR can bind to the Androgen receptor 3’-UTR RNA, so each set of
probes contains two probes, as shown below:

A. Biotin-labeled wild-type AR 3’-UTR RNA probe
B. Biotin-labeled antisense AR 3-UTR RNA negative control probe or poly-A negative control

probe

Positive RNA Control (AR 3’-UTR RNA):

250pmol (in 25uL), sufficient for five labeling and pull-down reactions
5’-CUGGGCUUUUUUUUUCUCUUUCUCUCCUUUCUUUUUCUUCUUCCCUCCCUA-3’

Negative RNA Control :

poly(A)2s RNA, 250pmol (in 25uL), sufficient for five labeling and pull-down reactions
Secondary structure formation of RNA probes

(This step is optional and only required for probes that bind to proteins through
secondary structures such as stem loops, not for probes that bind to proteins through
single-stranded structures.)

Engibody Biotechnology, Inc. | www.engibody.com
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1. Take wild-type RNA probes labeled with biotin and negative control probe solutions
separately, and denature them in a 90 °C water bath for 2 minutes.
2. Put it into the PCR machine and set a slow cooling program (70 °C -25 °C) to form

RNA secondary structure.
Step 3: Binding of labeled RNA probe to streptavidin magnetic beads

Binding of Biotin-labeled RNA Probe to Streptavidin Magnetic Beads
Note: For every 25-50uL of magnetic beads, use 100-200pmol of RNA. The following
steps use a ratio of 100 pmol RNA to 25 uL. magnetic beads.

3.1, Add 25 uL streptavidin magnetic beads to a 1.5mL microcentrifuge tube.
3.2, Place the centrifuge tube in the magnetic rack, magnetically separate the magnetic beads

on the side of the centrifuge tube, aspirate the supernatant and discard it.
3.3. Wash the magnetic beads with an 250 uLL volume of the Magnetic Beads Wash Buffer in

the kit. Resuspend the magnetic beads using a pipette or vortex.
3.4, Place the centrifuge tube in the magnetic rack, magnetically separate the magnetic beads

on the side of the centrifuge tube, aspirate the supernatant and discard it.
3.5, Addan 100 pL volume of 1XRNA Capture Buffer. Resuspend the magnetic beads using

a pipette or vortex.
3.6. Add 100 pmol biotin-labeled RNA probe to the magnetic beads. Gently wash and mix

with a pipette tip.
3.7. Incubate at room temperature for 15-30 minutes.

Step 4: RNA probe capture reaction for RBP protein (Pull-down

Reactions)

Note: The 10xProtein-RNA Binding Buffer in the Kit is the basic buffer used for the
binding reaction.Additional reagents can also be added to the binding buffer to enhance
binding affinity and specificity.

4.1, Place the 1.5 mL centrifuge tube (containing magnetic beads bound to RNA probes)

from the previous step into a magnetic rack, and use magnetic separation to separate the
magnetic beads on the side of the centrifuge tube. Suck out the supernatant and discard it.

4.2, Wash with an 100 pL volume of Magnetic Beads Wash Buffer, and resuspend the
magnetic beads using a pipette or vortex oscillation method.

Engibody Biotechnology, Inc. | www.engibody.com
18/39


http://www.engibody.com

En ibOd @ PRODUCT DATA SHEET
g y

BIOTECHNOLOGY

-Repeat Washing one time.

-Put the centrifuge tube into the magnetic rack, magnetically separate the magnetic
beads on the side of the centrifuge tube, aspirate the supernatant and discard it.

-Preparation of Pull-down (Binding Reaction) System
Prepare the Master Mix for the RNA-Protein binding reaction according to the following
table:

The amount in the table is required for every 100uL reaction

Engibody Biotechnology, Inc. | www.engibody.com
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® RNase inhibitor and tRNA are both non-essential components. When the initial results
are not ideal and the experimental system for the binding reaction needs to be
optimized, these two components can be selectively added, and the optimal
concentration can be explored in a gradient concentration manner.

4.6. Add 100uL of the mixed binding reaction system Master Mix to the magnetic beads

that have been combined with the RNA probe. Resuspend the magnetic beads with a
pipette or gentle vortex.

4.7, Incubate at 25°C for 30-60 minutes with rotation. If the target protein is temperature
sensitive, it can be incubated overnight at 4 °C.

Step 5: Washing of RBP-RNA-magnetic bead complex

5.1, Place the centrifuge tube in the magnetic rack, magnetically separate the magnetic

beads on the side of the centrifuge tube, aspirate the supernatant, and transfer the
supernatant to a new centrifuge tube for later analysis.

5.2, Wash the magnetic beads with an 100uL volume of R-pull 1x Wash Buffer in the
kit.

5.3. Repeat steps 1 and 2 twice more. If necessary, save the washing supernatant for
analysis.

5.4, Place the centrifuge tube in the magnetic rack, magnetically separate the magnetic

beads on the side of the centrifuge tube, aspirate the supernatant and transfer it to another
centrifuge tube for later analysis.

Engibody Biotechnology, Inc. | www.engibody.com
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Note:
Denaturing elution was used for downstream immunoblotting (WB) and mass
spectrometry (MS) identification. Non-denaturing elution is used for downstream
enzyme activity detection or protein natural structure analysis.

lPrepare R-pull elution (denaturation) working solution

The usage amount for each centrifuge tube is as follows:

Take 6uL of the R-pull loading buffer (5%) provided with the kit, and 24uL of the R-pull
elution buffer (denaturing) provided with the kit. Mix them evenly to obtain a working
solution of 30uL.

Please perform a consolidated calculation based on the total number of pull-down tubes,
and then prepare the corresponding total amount.

.Add 30uL of freshly prepared R-pull elution (denaturation) working solution to each

pull-down tube after washing. Vortex to mix, resuspend the magnetic beads, and briefly
centrifuge to collect the magnetic beads. Place the centrifuge tube containing the target
protein-RNA probe complex magnetic beads in a boiling water bath for 5-10 minutes to
dissociate the protein, which is now reduced and denatured. Centrifuge momentarily to
collect the liquid evaporated onto the tube lid and wall to the bottom of the tube.

.Use a magnetic rack to separate the magnetic beads, and transfer the supernatant to a

new centrifuge tube. This supernatant (approximately 30 uL) contains the target RBP
protein. Place on ice for subsequent loading on SDS-PAGE gel for WB or mass
spectrometry experiments.

Note: Boiled magnetic beads cannot be reused and should be discarded.

.Suck 24uL from each Input tube sample that has been left aside for a long time, add

6uL of R-pull Loading Buffer (5x), and obtain a 30uLL sample mixture. After boiling,
directly use it for SDS-PAGE gel loading in downstream WB or MS mass spectrometry
experiments.

.Add 50uL of R-pull elution buffer (non-denaturing, solution A) to each centrifuge
tube, and gently resuspend the magnetic beads using a pipette tip. Incubate at room

Engibody Biotechnology, Inc. | www.engibody.com
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temperature for 15-30 minutes, and then place it on a horizontal shaker for gentle circular
motion.

.At the same time, add about 2.5uL of R-pull elution buffer (non-denaturing,

solution B) to each new tube used to store eluates (conducting a pre-experiment to
confirm how much solution B is needed to achieve a pH of 7.4 for 50uL of solution A).

.Use a 24-well magnetic rack to magnetically separate magnetic beads, transfer the

supernatant to a centrifuge tube that has been added with an appropriate amount of R-pull
elution buffer (non-denaturing, solution B) in the previous step. Ensure that the pH is
7.4, this supernatant contains the target RBP protein captured by the RNA probe, which
should be carefully stored for future use (at —20 °C. Store at —80 °C for long term storage).

Note: If the non-denaturing elution buffer provided in the Kit still cannot fully elute the protein,
you can try adding an appropriate amount of RNase A

Downstream Experiment
1. Western Blot

Used for detection of known interacting proteins of RNA probes.

WB experiment is the most common immunological experiment, and conventional
methods can be used to detect proteins in the eluate. Alternatively, the 3-hour Lightning
WB ultra-fast kit (brand: Engibody, product number: IF9999, name: Lightning-WB 3-
hour ultra-fast Western Blotting kit) can be used.

The kit only takes 3 hours to complete the whole process of WB experiment, from sample
running to exposure and development, including PAGE preformed gel, rapid
electrophoresis buffer, rapid membrane transfer buffer, rapid blocking buffer, rapid
antibody incubation buffer, and ultra-sensitive ECL luminescent buffer. It contains a
complete set of key reagents for WB experiments, all of which have been specially
developed with unique formulations and superior performance.
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2. Mass-Spectrometry
Used for screening and discovering unknown interacting protein profiles of specific
RNA probes

1. SDS-PAGE

Denaturing reduction electrophoresis.

2. Rapid staining
Use the QuickStain ™ One-Step Protein Gel (PAGE) Blue Stain(in the kit), a rapid staining solution for protein
PAGE gel (compatible with mass spectrometry), is used for staining to visualize protein bands.

3. Gel cutting (cutting the gel strip of the target band)

4. Send the gel strip to the MS technology service company for mass spectrometry.

Part 8: Troubleshooting

_ Cause Solution
1. The environment Clean the experimental area
without nuclease to ensure that all containers
cannot meet the and plastic consumables are
The RNA probe has been [requirements RNase free
degraded The integrity of RNA
2. The probe has been molecules is determined by
degraded RNA electrophoresis, and the
measured value of Nanodrop
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Cause

cannot reflect the integrity of
RNA molecular structure

Low-efficiency binding of
RNA-binding protein

1. There are problems
in the binding reaction

system

Optimize the RNA-RBP
binding reaction system from
the aspects of incubation
time, temperature, salt
concentration, and detergent
content

2. Insufficient
streptavidin magnetic
beads

Increase the usage of
magnetic beads

3. Insufficient amount
of RNA probe

Increase the usage of probes

4. Insufficient binding
of RNA probe and
magnetic beads

Optimize the binding reaction
conditions of probes and
magnetic beads

RNA-binding protein not
bound

1. The target protein in
the sample is absent or

insufficient in content

Ensure that the protein
content is sufficient and use
concentrated protein samples

2. The protein sample
and the binding
reaction system are not

compatible

Use a desalting column to
replace the buffer solution of
the protein sample

3. The binding reaction

Optimize the RNA-RBP
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Cause

conditions is not
suitable

binding reaction system from
the aspects of incubation
time, temperature, salt
concentration, and detergent
content

4. The binding of RNA-
RBP is too fragile

After the binding reaction, a
UV crosslinking instrument
can be used for crosslinking
to immobilize RNA-RBP

High non-specific binding

of RNA-binding protein

1. There are problems
in the binding reaction

system

Optimize the RNA-RBP
binding reaction system from
the aspects of incubation
time, temperature, salt
concentration, and detergent
content

2. Insufficient washing

Increase the time and
frequency of washing steps,
and increase the salt content
and detergent content in the
washing buffer

3. Too much protein

Reduce the amount of protein
used in the binding reaction

There may also be
problems in the WB

process

The performance of the
primary antibody

Whether the primary antibody
can effectively recognize the
target and whether there are
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non-specific binding bands

Sensitivity of the Replace with a higher
luminescent liquid sensitivity ECL

Whether the membraneAdjust the formula and time
transfer is completed (of the transfer solution

Knowledge of RNA and RBP

Ribonucleic acid (RNA) exists in biological cells, some viruses, and viroids, with a wide variety
of types and complex functions. It is generally divided into two categories: coding RNA and
non-coding RNA, depending on whether it encodes proteins. Coding RNA usually refers to
mRNA, while non-coding RNA includes many types, which can be divided into non-coding
large RNA with a length greater than 200 nt, non-coding small RNA with a length less than 200
nt, and special non-coding circRNA.

Most RNA molecules have a short life cycle, existing for only a few days within cells, with only
a very small number of RNA molecules persisting for several months or even up to two years.A

recent study by the German Center for Neurodegenerative Diseases (DZNE) found that in some

cell types of the mouse brain, certain RNAs can exist for at least 2 years, which means that they

are basically stable throughout the entire life cycle of the mouse after birth.

TYPE NAME LENGTH
Coding RNA mRNA 500 ~ 5000 nt
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a promoter-associated IncRNAs
| protein coding gene

IncRNA
b enhancer-associated IncRNAs

TIT enhancer DOTPD

C natural antisense transcripts (NAT)

=%\

d gene body-associated IncRNAs

Ty

e long intergenic noncoding RNAs (lincRNAs)

B protein coding gene [ IncRNA

Classification of long noncoding RNA (IncRNA)
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A miRNA

IncRNA T
A8
T g

MiRNA

AUl miRN
mMRNA L_| ‘“' MRNA k_' ‘I'
N T g Pl P g
C D

INCRNA InCRNA

WW%

Mechanism of IncRNA-mediated regulation of mRNA stability

IncRNAs can regulate the stability of mRNA through different mechanisms: (A) direct interaction
with miRNA or RBP binding sites in target mRNA;(B) Blocking miRNA or RBP to avoid their
interaction with mRNA molecules;(C) Scaffold for enhancing RBP mRNA interaction;(D) Interact
with the m6A mechanism to regulate the m6A level of target mRNA.
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(A) IncRNA

DMA
helix

Direct RNA-DNA interactions

(B}
IncRNA

DA
halix

Transcript

Transcription unit

RMA-RMA interactions at transcribed loci

(€

IncRMA

OMNA
helix

Different modes of IncRNA binding to chromatin
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Protein interaction mRNA interaction

mRNA interaction TR,
j\gmm Competitive combination Q’ ,
v v

mRNA

Sponge miRNA /
i _Gastrointestinaf- %

miRNA ~ LncRNA _

/ cancer \

Transcription inhibitor/activator

DNA damage

Chromatin modification :
I N _~
l Splicing

o —

The role of IncRNA in gastrointestinal tumors
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B Chromatin modifying c Transcriptional D %Chromosome B
complexes regulator 2\ . f\ﬁ-/éf

MNX /e~ f\,Q/"Q}T cRNA | %
/ IncRNA \ \} %CRNA

o

Chromosome A

NUCLEUS

E
2= o
\ INcRNA /
? CYTOPLASM

F
mRNA stability ( TRN; mRNA translation  'MCRNA
— 5 ’ 9/{ p RNA polymerase Il
*\—D-’“‘ '

ORF T~ AAAAAA | | Histone modifications
"““AAAAAA

Looping complexes
Coactivator complex

DNA/RNA binding protein

microRNA
competitors

Small peptides IncRNA SR protein

— G Exonuclease

AAAAA . &) Ribosome

Small ORF
AAAAAA

Functional role of IncRNA
Nuclear IncRNAs can regulate transcription by acting as enhancer RNA (eRNA)
(A), by recruiting chromatin modifying complexes (B), or by regulating transcription
factors activity (C). Moreover, they can regulate gene expression by acting on the
spatial conformation of chromosomes (D) or by influencing pre-mRNA splicing (E).
Cytoplasmic IncRNAs can regulate mRNA expression by regulating mRNA stability
(F), mRNA translation (G), or by competing for microRNA binding (H). In addition,
few IncRNAs contain small open reading frames (ORFs) that can be translated in
biological active small peptides (I).
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" backsplicing ™, NUCLEUS

{2 § n =

/

b)m RNAs sponge @ @ C\
2

( ) a) conm)loftranscr:tptmn
\\ U1 snRNP@
¢)RBPs sponge/scaffold /’
' . . enzyme
Modulator of @ O

protein half life DE. . O e wnsks

' YTHDF3 circRNA encoded protein
TLe A5 N s s
oy Y % eIF4A]B X T
Identical to the unique for the circRNA

encoded linear isoform encoded isoform

CYTOPLASM

Production and function of circRNA
CircRNAs located in the nucleus can interact with U1 small nuclear ribonucleoprotein
(U1-snRNP) and enhance the function of RNA polymerase II (Pol-II) complex, or recruit
methyl cytosine dioxygenase TET1 to the promoter region (a) as a regulatory molecule for
the transcription of its host gene. When exported into the cytoplasm, circRNA can act as a
sponge or bait for microRNAs and RBPs, or regulate the half-life of specific RBPs, either
antagonizing (red T-line) or facilitating their proteasome-mediated degradation (green
arrow) (b, c¢). CircRNA has also been shown to function as a protein scaffold (c).By
promoting the co-localization of enzymes and their substrates, the reaction kinetics can be
enhanced (yellow arrow).Finally, circRNAs with internal ribosome entry site (IRES)
elements and AUG sites (green lines) can be translated by CAP-independent mechanisms
(dashed arrows; red lines indicate STOP codons).The latter is promoted by the presence of
methyladenosine (m6A) and the involvement of the reader proteins YTHDF3 and IRES-
specific translation initiation factor eI[F4G2 (d).Protein isoforms produced by circRNA
translation will have the same partial primary sequence as the linearly encoded protein,
while the remaining portion of the polypeptide is unique to the circRNA-encoded isoform.
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Intronl  Exon 2 Intron 2
| =)
8
5-( s
E
8
o :
=
o
o
Intron mrcRNA (o]
Exon-intron circRNA
Exon circRNA
Ribosome —>
{ ot
elF4G2 —> £
=
METTL3/14 —> f;’
=
%5
Protein translation MicroRNA sponging Protein binding &

Exonic circRNAs are exported into the cytoplasm and perform

multiple functions
elF4@G2, initiation factor eukaryotic translation initiation factor 4 gamma; METTLS3,
methyltransferase-like 3; METTL14, methyltransferase-like 14.

pre-mRNA

intron 1 intron 2 3 intron 3 7 3

back-splicing canonical splicing

circular RNA types mRNA
@ - R Ana
mtron 2

circRNAs are produced from pre-mRNA through back-splicing
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Nucleus | Cytoplasm

Pri-miRNA

Transcription
Pre-miRNA / “ DO 000000 4¢
m

DGCRS

Pre-miRNA H

Ribosome mRNA
degradation
M7Gppp e AAAA —<

el Coding sequence Trmslat_ional
Target mRNA repression

iIRNA* miRN Translational
mimic: represslon
M7Gppp
Mature Coding sequence 3"UTR Translational
miRNA Target mRNA activation

m

Translational
Nwwp;&_ e ARAA > | teprastion

Codin uence
ki Target mRNA

MTGpppmm—b 1‘ : of
5'UTR 3"UTR mMRNA (TN

Coding sequence

TargetmRNA

The intracellular formation of miRNA and its four regulatory modes on
target gene mRNA
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Short-bidirectional eRNAs Long-unidirectional eRNAs

SNINSN
SN
o - NN
AVAVAN NN
Short half life o
lSpllcmg

AAAAAAAAA

Long half life

Al Cisacting W Trans-acting
M l—b

The production method of RNA (eRNA) obtained by enhancer
transcription

Enhancer

Enhancer
transcription

Mediator

Promoter

Paused Pol I

Transcriptional regulation function of enhancer RNA (eRNA)
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The above-mentioned are regulatory RNA-RBP complexes, which are temporary
and easily dissociated. They are produced for various regulatory purposes. The
following is a structural RNA-RBP complex, also known as RNP particles, which
exist in cells for a long time. Nina Ripin and Roy Parker from the University of
Colorado wrote a review in the journal Cell titled Formation, function, and
pathology of RNP granules, which summarized the types, production methods, and
functional roles of this RNP granules.

This paper is well worth reading. The full text link is as follows:
https://www.sciencedirect.com/science/article/abs/pii/S0092867423010279

P-bodies

Formed from untranslating
mRNAs associated with decay
machinery

Nucleolus
Formed from nascent rRNA

MNuclear speckles
Formed from nascent mRANA

U-bodies
Formad from snANPs

Cajal bodies
Formed from nascent snRANAs

Stress granule
Formed from untranslating
mRNP during stress response

dRiFs
= Formed from dsRANA and
dsRNA binding proteins

) ' ~

; (Nnuronal transport gram.llels1 i Drosphila germ granules Bacterial BR-bodies

Paraspeckles
Formed from long NEAT1 RNAs

Tis granules
Formed from ER associated
mANAs and TIS11

Other cell- =
type specific
ribonucleoprotein
(RNP) granule
examples:

Contain and localize Contain and localize Contain RNAs and
untranslating mRNAs untranslating maternal mRNAs degredation machinery
r \ y, 5\

Types of ribonucleoprotein (RNP) granules
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PRODUCT DATA SHEET

List of Epigenetics and biomolecule Interaction

Research Kits

B Interaction between chromatin and chromatin

Cat no

Name

Application

HI-C-1001

Hi-C kit

Chromatin conformation
capture, three-dimensional
genome

B Study on accessibility of chromatin

Cat no

Name

Application

ATAC-1001-12

ATAC-Seq kit

chromatin accessibility

B Interaction between RNA and chromatin

Cat no

Name

Application

ChIRP-2002

ChIRP kit

Inc RNA and chromatin
interaction in vivo

B Interaction between protein and DNA

Cat no

Name

Application

CUT-RUN-20000-12

UNICUT™ CUT&RUN kit

In situ CUT&RUN

CUT-Tag-40000-12

UNICUT™ CUT&Tag kit

In situ CUT& CUT&Tag

ChiIP-1001 Smart-ChIP™ ChlP kit Classic ChIP

IF9501 EMSA kit Detection of In vitro DNA-
protein interaction

IF9606 DNA Pull-Down Kit Capture of In vitro DNA-

protein interaction

LIB-SEQ-30000-12

Smart-Lib™ DNA library Prep Kit

for illumina® (ultrasonic and
MNase methods)

DNA library Prep Kit, for
ChiP-seq, CUT&RUN

TNLB1001

Smart-Lib-Tn5™ DNA library

Prep Kit (Tn5 transposase
method)

LIB-SEQ-30001

Multiplex Oligos for lllumina®
(Full Length Adaptors) (for ChiP-
seq, CUT&RUN)

LIB-SEQ-30002

Multiplex Oligos for lllumina®
(Unique Dual Indexed Primers)
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| (for ChIP-seq, CUT&RUN)

B Interaction between protein and protein

Cat no Name Application

IF9058 ColP kit protein interaction in vivo

IF9604 GST Pull-Down kit In vitro protein interaction

IF9602 His Pull-Down kit In vitro protein interaction

IF9706 Transient ColP kit (Proximity Transient protein
labeling) interaction in vivo

ENGI-1000 In Cell ColP Kit (FRET) Real time interaction of

proteins in living cells

B Interaction between protein and RNA

Cat no Name Application

RIP-1001 RIP kit RNA and protein
immunoprecipitation

IF9502 RNA EMSA kit Detection of In vitro RNA-
protein interaction

IF9608 RNA Pull-Down kit Capture of In vitro RNA-

protein interaction

LIB-SEQ-35000-12

Smart-Lib™ RNA library Prep Kit
for lllumina® (for RIP, MeRIP and

conventional transcriptome
sequencing)

RNA library construction
kit

B RNA and DNA interactions

Cat no

Name

Application

DR-IP-1001

DR-IP kit (S9.6 antibody)

Research techniques for
the interaction between
DNA and RNA to form R-
loop

B Biotin-labeled nucleic acid probe technology

Cat no Name Application

IF9503 DNA 3’ end Biotin labeling kit Terminal labeling of short-
strand and long-strand
DNA (single-stranded and
double-stranded with a 3'
overhang)

IF9504 RNA 3' end Biotin labeling kit Terminal labeling of
RNA (22-450nt)

IF9670 T7 in vitro RNA transcription and Long-strand T7 in vitro

Biotin Labeling kit RNA transcription and
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| | [ biotin labeling |
B DNA methylation research
Cat no Name Application
DIP-1001 meDIP kit m5C or hm5C DNA
methylation
immunoprecipitation,
without antibody

B RNA methylation research

Cat no Name Application
meRIP-1001 meRIP kit General kit without
antibody
meRIP-1002 m6A meRIP kit m6A Methylated RNA
immunoprecipitation
meRIP-1003 m5C meRIP kit m5C Methylated RNA
immunoprecipitation
meRIP-1004 m7G meRIP kit m7G Methylated RNA
immunoprecipitation

All rights reserved.
Any infringement will be prosecuted

Copyright notice:
The copyright of this experimental manual belongs to the
Engibody Company.

After ten years of meticulous development,
we have established the gold standard for

epigenetic research tools!
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