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22 SUMMARY:
23 This protocol focuses on chromatin preparation from snap frozen tissues and it is suitable for
24 Crosslinking Chromatin Immunoprecipitation (X-ChIP) followed by either quantitative PCR
25  analysis (X-ChIP-gPCR) or next generation sequencing approaches (X-ChlIP-seq).
26
27  ABSTRACT:
28  Crosslinking Chromatin Immunoprecipitation (X-ChlP) is a widely used technique to assess levels
29  of histone marks and occupancy of transcription factors on host and/or pathogen chromatin.
30 Chromatin preparation from tissues creates additional challenges that need to be overcome to
31 obtain reproducible and reliable protocols comparable to those used for cell culture. Tissue
32  disruption and fixation are critical steps to achieve efficient shearing of chromatin. Coexistence
33  of different cell types and clusters may also require different shearing times to reach optimal
34  fragment size and hinders shearing reproducibility. The purpose of this method is to achieve
35 reliable and reproducible host chromatin preparations from frozen tissue (liver) suitable for both
36 ChIP-gPCR and next generation sequencing (NGS) applications. We observed that the
37 combination of liquid nitrogen tissue pulverization followed by homogenization leads to
38 increased reproducibility compared to homogenization only, since it provides a suspension
39  consisting mostly of dissociated single cells that can be efficiently sheared. Moreover, the fixation
40  step should be performed under mild rotation to provide homogeneous crosslinking. The fixed
41  material is then suitable for buffer-based nuclei isolation, to reduce contamination of cytoplasmic
42  protein and pathogen DNAs and RNAs (when applicable), avoiding time-consuming
43  centrifugation gradients. Subsequent sonication will complete nuclear lysis and shear the
44  chromatin, producing a specific size range according to the chosen shearing conditions. The size
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range should fall between 100 and 300 nt for NGS applications, while it could be higher (300-700
nt) for ChIP-qPCR analysis. Such protocol adaptations can greatly improve chromatin analyses
from frozen tissue specimens.

INTRODUCTION:

Since its discovery, epigenetic regulation in mammalian cells has gained increasing recognition?,
considering that the understanding of such mechanisms would provide key insights not only in
cell biology, but also in disease and tumor biology. Moreover, infectious agents may also cause
host epigenetic changes? whereas the host cell machinery may also affect the chromatin of
pathogens, such as persisting DNA viruses>*. This host-pathogen interplay seems to play a role in
infection persistence.?

Through a reversible association with DNA, histone proteins form a complex called nucleosome.
Nucleosomes reach in turn a higher level of organization known as chromatin. Chromatin
remodeling is known to tightly regulate gene expression, granting or denying access to
transcription factors (TFs)°. These factors can either trigger or block the recruitment of the RNA
polymerase Il (Polll) onto gene promoters, influencing mRNA synthesis from the DNA template®.
Histone proteins contain tails’, flanking both ends of the histone fold, which can be subject to
post-translational modifications (PTMs), allowing a tight regulation of the gene transcription by
structural chromatin changes. Most of the histone PTMs are located at the tail N-terminus, with
acetylation and methylation being the best studied PTMs, although phosphorylation?,
ubiquitination® and ribosylation!® have also been reported. Characterizing and studying such
proteins is then essential to get a deep insight into gene regulation.

Currently, there is a handful of well-established methods and tools available to study direct DNA-
protein interactions: Electrophoretic mobility shift assay (EMSA), Yeast one-hybrid assay (Y1H)
and DNA footprinting!!. However, these methods focus per se on single DNA-protein interactions
and are not applicable for genome-wide studies. Another limitation of those techniques is the
lack of histone association with the DNA segments investigated. Thus, such approaches are not
meant to reflect the complexity of the transcriptional machinery in vivo and they do not take into
account important structural changes!? and other required enzymes/cofactors'? that could
influence (either promoting or inhibiting) protein binding to the DNA.

The idea that fixing cells with agents like formaldehyde (FA) could provide an in vivo snapshot of
protein-DNA interactions, created the basis for the development of chromatin
immunoprecipitation assays (ChlIP)!. This, together with the availability of the quantitative PCR
(gPCR) technology and of highly specific antibodies, allowed the development of ChIP-gPCR
assays. Subsequently, the advent of next-generation sequencing techniques (NGS), whose costs
are getting more affordable, conceded to couple ChIP experiments with NGS approaches (ChIP-
seq), thus providing researchers with new powerful tools enabling investigation of chromatin
regulation. In these assays, isolated or cultured cells are fixed with disuccinimidyl glutarate (DSG)
and/or FA, nuclei are isolated, chromatin is then fragmented and precipitated by the antibody of
interest. Hereafter, DNA is purified and analyzed by PCR or NGS approaches. In contrast to EMSA,
Y1H and DNA footprinting, ChIP assays have the ability to provide a global snapshot of protein-
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DNA interaction within the cell. This offers flexibility and allows the analysis of multiple loci within
the same sample. However, due to the nature of the assay, ChIP may, eventually, detect not only
direct interactions, but also indirect ones, not offering the precision of the above-mentioned
methods, when interested in direct protein-DNA interactions.

Chromatin preparation protocols from cell culture material are well-established®® and highly
reproducible, allowing the user to obtain chromatin suitable both for gPCR and NGS approaches
in 1-2 work days. However, obtaining high quality chromatin from whole tissues still represents
a challenge because of the need to dissociate the cells within the tissue while achieving optimal
fixation and shearing of the chromatin. In addition, composition and morphology of distinct type
of tissues vary, thus requiring adjustment of existing protocols'®'’. The use of cryopreserved
tissue offers additional challenges in comparison to fresh samples. This is due to the difficulty of
obtaining a single cell suspension without extensive material loss. This leads to improper
shearing, hindering downstream applications. Nonetheless, accessing frozen tissue specimens
rather than the fresh counterpart not only increases work flexibility but it may also represent the
only option for researchers working with specimens that originate from longitudinal or
comparative studies. A handful of chromatin preparation protocols for frozen tissue have been
published. These are mostly based on specimen thawing followed by mincing, manual/machine-
based dissociation or liquid nitrogen pulverization steps'®29,

Here we describe an optimized chromatin preparation method®® for frozen unfixed liver
specimens, which combines tissue pulverization in liquid nitrogen with pestle homogenization,
to achieve a reproducible chromatin shearing suitable for X-ChlIP approaches aiming at analyzing
both viral and host genomes.

PROTOCOL:

Tissue sampling from human liver chimeric mice?! was performed in accordance with the
European Union directive 86/609/EEC and approved by the ethical committee of the city and
state of Hamburg in accordance with the principles of the Declaration of Helsinki.

1. Reagents preparation

1.1. Prepare 1.25 M glycine solution in deionized water. Sterile filter with 0.22 um pore-sized
filter. Store at 4 °C.

1.2. Prepare 5 M sodium chloride (NaCl) solution. Store at room temperature.

1.3. Prepare CaCl; solution: 300 mM CaCl; and 10 mM Tris-HCI pH 8 in deionized water. Sterile
filter with 0.22 um pore-sized filter and store at RT.

1.4. Prepare a 10% Triton X-100 dilution in deionized water. Store at RT.

1.5. Prepare Tris-EDTA buffer: 1 mM EDTA and 10 mM Tris pH 8 in deionized water. Store at 4 °C.
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1.6. Prepare the following buffers according to the amount required:
1.6.1. Prepare buffer A: 50 mM Hepes-KOH pH 7.5, 140 mM NaCl, 1 mM
ethylenediaminetetraacetic acid (EDTA), 10% Glycerol, 0.5% NP-40 and 0.25% Triton X-100 in

deionized water. Sterile filter with 0.22 um pore-sized filter. Store at 4 °C.

1.6.2. Prepare buffer B: 10 mM Tris-HCI pH 8, 200 mM NaCl, 1mM EDTA, 0.5 mM egtazic acid
(EGTA). Sterile filter with 0.22 um pore-sized filter. Store at 4 °C.

1.6.3. Prepare buffer C: 1% SDS, 10 mM EDTA and 50 mM Tris-HCl pH 8 in deionized water. Sterile
filter with 0.22 um pore-sized filter. Store at RT.

1.6.4. Prepare chromatin dilution buffer: 0.01% SDS, 1.1% Triton X-100, 1.2 mM EDTA, 16.6 Tris-
HCl pH 8 and 166 mM NaCl in deionized water. Sterile filter with 0.22 um pore-sized filter. Store
at4°C.

2. Material preparation

2.1. Collect dry ice, ice, and liquid nitrogen.

CAUTION: Handle dry ice and liquid nitrogen with the necessary care to avoid burns.

2.2. Pre-cool the centrifuge at 4 °C.

NOTE: This step is important to avoid protein degradation and de-crosslinking during the washing
steps as this will reduce the quality of the chromatin.

2.3. Put a sterile plate on dry ice and let it chill.

NOTE: Make sure that the plate is big enough to facilitate the cutting process. A 100 mm Petri
plate/cell culture dish is recommended.

2.4. Take out the necessary aliquot of glycine 1.25 M and let it reach RT.

2.5. Take out the necessary aliquots of buffer A, B and PBS. Add protease and/or deacetylase and
phosphatase inhibitors to reach 1-fold concentration and leave them on ice.

2.6. Take out the necessary aliquot of buffer C leaving it at RT. Do not add the protease and/or
deacetylase and phosphatase inhibitors until specified.

2.7. Take out the necessary aliquot of RT PBS.

CAUTION: Buffer C contains sodium dodecyl sulfate (SDS). Adopt the appropriate safety measures
when preparing the buffer.
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NOTE: SDS precipitates on ice, and protease and deacetylase inhibitors are not stable at RT.

2.8. Pre-cool the mortar pouring liquid nitrogen in its chamber, strictly following supplier
instructions. Cool down the metal pestle in dry ice for at least 5 min.

NOTE: It is possible to use an alternative mortar to the one proposed. However, the device used
in this protocol, due to its peculiar construction, allows to work with small amount of tissue
without substantial loss during the pulverization process.

2.9. Pre-chill the Dounce homogenizer with the associated pestle A on ice.

NOTE: Pestle A has a loose fit with the homogenizer. This allows to obtain a single cell suspension
without significant cell lysis.

3. Tissue crosslinking

3.1. Cut about 50 mg of frozen tissue directly on the dish on dry ice with the help of a scalpel and
tweezers.

NOTE: It is suggested to keep the scalpel at RT, as this will ease the cutting process. Avoid applying
too much pressure on the scalpel, as this will increase the risk to scatter tissue pieces outside of
the cutting area. To note, 50 mg of tissue (liver in this case) should yield around 5 million cells.
Note that the warm blade will thaw the cutting edge. Considering the relatively large size of the
tissue piece, however, this should have a limited effect. When smaller pieces are cut, it could be
beneficial to use a cold scalpel paying attention to avoid scattering of the tissue.

3.2. Put the cut tissue in a 1.5 mL tube already chilled on dry ice. Avoid tissue thawing.
3.3. Move the tube containing the tissue to the mortar, letting it sit there for 5 min.

NOTE: Letting the sample rest in the mortar decreases its temperature (from -80 °C to -196 °C).
This increases its toughness and makes the pulverization step easier.

3.4. Apply pressure to the sample with the help of the pre-chilled pestle until no more solid
crumbles are visible.

NOTE: It is important to avoid pestle heating by excessive rotational forces, as this will thaw the
sample. After every sample pulverization clean the pestle with 70% ethanol (EtOH) and let it chill
again on dry ice.

3.5. Remove the tube containing the sample from the mortar and add 950 pL of ice-cold PBS with
the required inhibitors. Pipette gently up and down until the sample is completely resuspended.
Proceed immediately to step 3.6.
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3.6. Transfer the tissue suspension to the homogenizer and apply 20-30 strokes with pestle A to
obtain a finer suspension. Avoid foaming.

NOTE: The strokes amount should be optimized according to the tissue consistence. This step
dissociates further the small clusters of cells obtained after pulverization. An improper
homogenization can affect shearing efficiency.

3.7. Transfer the homogenate to a new 1.5 mL tube, already prechilled on ice.

3.8. Centrifuge for 5 min at 1,300 x g at 4 °C and carefully remove the supernatant.

3.9. Resuspend the pellet completely in 950 pL of RT PBS by gentle pipetting and add 63.6 uL of
16% MeOH-free FA to have a 1% final concentration. Proceed immediately to step 3.10.

CAUTION: FA is a toxic chemical. Handle it under a fume hood with proper safety measures.

NOTE: Incomplete resuspension can provoke cell aggregation during the fixation step. This
hinders the lysis and the shearing process.

3.10. Rotate 10 min at RT. Proceed then immediately to step 3.11
NOTE: Rotation is necessary to avoid aggregates. The amount of time required for fixation should
be optimized, according to the target of interest and the sample type. It is important to note that

excessive fixation times could hinder proper shearing.

3.11. Add 113 uL of 1.25 M glycine at RT to obtain a 125 mM final concentration and rotate for 5
min.

NOTE: Glycine quenches the fixative reaction avoiding over-crosslinking.
3.12. Centrifuge at 1,300 x g for 3 min at 4 °C.

3.13. Discard the supernatant and resuspend the pellet carefully by pipetting in 950 uL of ice-
cold PBS with the required inhibitors.

3.14. Centrifuge at 1,300 x g for 3 min at 4 °C.
3.15. Repeat steps 3.13-3.14 and proceed immediately to the chromatin isolation steps.
4. Chromatin isolation

4.1. Add 950 ulL of Buffer A with the required inhibitors to the pellet. Mix gently by pipetting until
the pellet is completely resuspended and rotate 10 min at 4 °C.
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NOTE: This step lyses the fixed single cell suspension, without nuclei lysis. This allows for ridding
the sample of cytosolic proteins and RNAs. Prolonging lysis time could be beneficial for tough-to-
lyse cells, increasing, though, the handling time of the tissue. At this point it is possible to check
the preparation under the microscope after trypan blue/DAPI staining to check the size of the
clusters and the presence of single cells. However, the single nuclei may not be easy to appreciate
because of the fixed tissue material.

4.2. Centrifuge at 2,000 x g for 5 min at 4 °C and carefully remove the supernatant.

4.3. Add 950 puL of Buffer B with the required inhibitors to the pellet. Mix gently by pipetting until
the pellet is completely resuspended and rotate 10 min at 4 °C.

NOTE: This step washes out the lysis buffer from the nuclei preparation to avoid further
undesired lysis.

4.4, Centrifuge at 2000 x g for 5 min at 4 °C. Meanwhile, add the required inhibitors (same as
step 2.5) to buffer C.

4.5. Carefully remove the supernatant.

4.6. Add 300 pL of RT buffer C to the pellet and pipette vigorously.

4.7. Vortex the sample for 15-30 s and spin the tube briefly to collect the drops on the lid.
NOTE: This step is important to liberate and lyse the fixed nuclei. To preserve the sample integrity
and at the same time avoid SDS precipitation keep the sample prior to sonication in a plastic rack
kept on ice to maintain a temperature of 9-11 °C.

5. Chromatin fragmentation

5.1. Transfer the sample to three clean 0.65 mL sonication-certified tubes ensuring 100 uL of
lysed nuclei suspension per tube.

NOTE: It is possible to use 1.5 mL sonication-certified tubes with a maximum volume of 300 pL.
A specific holder for those tubes is needed. 0.65 mL should offer more homogeneous shearing
due to the smaller volume of the sample per tube.

5.2. Sonicate the chromatin for 28 cycles at high intensity with the 30 s ON and 30 s OFF setting.
Ensure that the sonicator bath is properly cooled (ice or cooling device).

NOTE: This step needs optimization in almost every case. The user should keep in mind that
increasing shearing time will provide smaller and more homogeneous fragments; however, this
may increase the chance to lower chromatin quality. Choose the lowest number of cycles that
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provides the required fragment size. During the optimization of this step, it is useful to perform
nuclear staining to check whether the number of cycles was sufficient to lyse the majority of
nuclei.

5.3. Transfer the sonicated chromatin to a new 1.5 mL tube previously chilled on ice.

5.4. Add 30 pL of Triton X-100 10% solution and vortex for 5-10 s.

NOTE: Triton X-100 binds the SDS preventing further precipitation at 4 °C. The final amount of
Triton X-100 should always be 1%.

5.5. Centrifuge at 16,000 x g for 15 min at 4 °C.

5.6. Transfer the supernatant to a clean 1.5 mL tube pre-chilled on ice.

NOTE: The supernatant contains the sheared chromatin and should appear clear. The pellet
contains “not shearable” rests and it should remain quite small (mostly brown in case of liver
tissue). Look for indication of unsuccessful shearing: chromatin solution that did not become
clearer and similar pellet dimensions to the ones from step 4.5.

6. DNA purification

6.1. Transfer 10-25 uL of sheared chromatin to a new tube and add Buffer C to reach a final
volume of 200 uL. Store the rest of the chromatin at -80 °C until further use. If needed, the

procedure can be interrupted at this step and the sample stored at -20 °C.

6.2. Add 8 pL of 5 M NaCl and incubate at least 6 h at 65 °C in a heating block under shaking at
1000 rpm.

NOTE: This step de-crosslinks the chromatin. It is safer to extend the de-crosslinking overnight
when possible. The presence of NaCl makes the process more efficient.

6.3. Let the samples cool at RT for 5 min and add 2 pL of RNase A.
6.4. Incubate for 1 h at 37 °C under shaking at 1000 rpm.

6.5. Remove the samples from the heating block and add 7 pL of 300 mM CaCl; and 2 plL of
Proteinase K.

6.6. Set the heating block at 56 °C and incubate for 30 min under shaking at 1000 rpom. Meanwhile
prepare one phase-separation tube for every sample by centrifuging them down at 16,000 x g

for 1 min at 4 °C.

NOTE: These special tubes make the phase separation during nucleic acid phenol-chloroform
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extraction easier.

6.7. Remove the tubes from the heating block and let them equilibrate at RT for 3 min.
6.8. Transfer 400 pL of the sample to a previously centrifuged phase-separation tube.
6.9. Add 400 uL of phenol-chloroform-isoamyl alcohol solution (PCI) and vortex for 5 s.

CAUTION: PCl is a highly volatile and toxic compound. Please handle it with the necessary safety
measures under a fume hood.

6.10. Centrifuge at 16,000 x g for 5 min at 4 °C.
6.11. Add 400 puL of Chloroform and vortex for 5 s.

CAUTION: Chloroform is a highly volatile and toxic compound. Please handle it with the necessary
safety measures under a fume hood.

NOTE: This step washes out possible residues of phenol, that could interfere with downstream
PCR applications.

6.12. Centrifuge at 16,000 x g for 5 min at 4 °C.

6.13. Transfer 400 pL of the upper phase to a new 1.5 mL tube where 24 uL of 5 M NaCl and 0.75
uL glycogen were added. Briefly vortex.

6.14. Add 1,055 pL of 100% EtOH and vortex thoroughly. Ensure proper mixing.
6.15. Incubate at -80 °C for 1 h or at -20 °C overnight (ON).

NOTE: This step precipitates the sheared DNA; to maximize the yield it is suggested to choose the
ON incubation.

6.16. Centrifuge at 16,000 x g for 30 min at 4 °C.
6.17. Carefully remove the supernatant paying attention to not dislocate the pellet.
6.18. Add 500 pL of cold 70% EtOH. Tilt the tube gently to ensure the pellet is washed.

NOTE: This step is essential to remove salt residues that could have co-precipitated with the
nucleic acids. Salts can interfere with other downstream applications.

6.19. Centrifuge at 16,000 x g for 15 min at 4 °C.
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6.20. Remove carefully the whole supernatant and let the pellet dry at RT.
NOTE: Incubating the tube on a heating block at 37 °C will reduce the time required for drying.

6.21. Add 50 pL of Tris-EDTA solution (TE-Buffer) and put the tube on the heating block for 5-10
min under shaking at 300 rpm.

NOTE: This step ensures the pellet dissolution. The protocol can be paused here, and the sample
can be store at 4 °C for up to 1 week or at -20 °C for longer storage.

6.22. Perform DNA analysis on 1% agarose gel.
7. DNA size analysis

7.1. Prepare a 1% agarose gel by mixing 1 g of agarose per 100 mL running buffer (i.e., Tris-
acetate-EDTA (TAE) or Tris-borate-EDTA (TBE)). Heat the suspension until the agarose is
completely dissolved. Add 10 pL of EtBr for every 100 mL of agarose solution before pouring the
gel solution.

CAUTION: EtBr is a DNA intercalating agent known to be carcinogenic. Please handle it with the
necessary safety measures under a fume hood.

NOTE: EtBr staining (directly in gel or after the run) is strongly suggested. Other DNA-intercalating
dyes did not perform well in our hands when working with DNA smears. Narrow loading wells
provide a better resolution when compared to wider ones.

7.2. Mix 10 pL of the sample with 2 uL of 6x Loading Dye. Next, load 10 pL of the sample in the
gel and run it until the last band of the loading dye ran for 2/3 of the gel. Make sure to add a DNA
ladder.

7.3. Image the gel and verify if the smear size falls in the range for the desired application.
If the chromatin passes the quality control, it can be used for downstream applications.

REPRESENTATIVE RESULTS:

Preparing chromatin is a crucial step in achieving a successful ChIP. In order to prepare good
quality chromatin from frozen specimens, we should ensure efficient tissue disruption before
fixation to avoid the presence of tissue clumps that could hinder efficient shearing. Figure 1
shows a summarized pipeline of the protocol. Pulverization alone is not sufficient to completely
dissociate the tissue since it produces cell clusters of variable size and few single cells (Figure 1a).
Associating the first pulverization step with Dounce homogenization, the amount of tissue-
clumps is strongly reduced and the remaining ones are smaller (Figure 1b). After the fixation and
lysis steps, the number of visible single nuclei (Figure 1c) increases, while the typical spherical
appearance is lost. After sonication for 28 cycles, the nuclear staining (Hoechst 33258/DAPI) is
mostly not visible anymore. This is indeed a sign of successful shearing (Figure 1d). After de-
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crosslinking of a chromatin aliquot and visualization of the DNA on agarose gel, successful
shearing can be recognized by the presence of fragments in the range of 100-300 bp. (Figure 2a)
The amount of DNA can vary according to the composition of the tissue piece prepared. Such
chromatin can be successfully used for ChIP-gPCR. As shown in Figure 2b the chromatin could be
successfully precipitated with H3K4me3, H3K27ac (active genes related modifications) and
H3K27me3 (silenced genes related modification) antibodies. Chromosome 1 Open Reading
Frame 43 (Clorf43), Proteasome 20S Subunit Beta 2 (PSMB2) and Glyceraldehyde 3-phosphate
dehydrogenase (mGapdh) promoter regions resulted enriched in H3K4me3 and H3K27ac in
comparison with Homeobox C13 (HOXC13), Homeobox C12 (HOXC12) and the mouse Myelin
Transcription Factor 1 (mMyt1) promoter regions (Table 1). This is because Clorf43, PSMB2 and
mGapdh are constitutively transcribed in the liver, while HOXC13, HOXC12 and mMytl are
silenced. H3K27me3 shows the opposite behavior confirming the success of the ChlIP assay. The
fact that the liver of these mice is a chimera, allowed us to analyze both murine and human
chromatin. In addition, the same chromatin could be successfully used for ChIP-seq experiments.
After the sequencing step, the reads were aligned to an index composed of both murine and
human genomes to reduce the amount of unaligned fragments. Subsequently, the reads where
separated according to species and further analyzed with EaSeq?? .The signal intensity was then
measured at the transcription start site (TSS) of every gene and the result sorted for H3K4me3
signal intensity. Figure 3a and Figure 3c show both a marked presence of H3K4me3 and H3K27ac
at the TSS for a considerable portion of the genes within both mouse and human chromatin. In
addition to that, H3K27me3 anticorrelates with H3K4me3/H3K27ac. H3K27me3 is present on the
entire length of the gene and not only at the TSS, as expected from this PTM. Figure 3b and Figure
3d show the HOXC/HoxC cluster known for being enriched for H3K27me3 and transcriptionally
inactive in both mouse and human livers. The profiling of H3K4me3 and H3K27ac shows peaks
for this two PTMs while the signal intensity of H3K27me3 tends to be lower and more distributed.

Due to the complexity of chromatin preparation, over-fixation may happen, lysis or sonication
time may be sub-optimal, big cell clumps may persist, or inadequate handling of the sample could
be inadequate. These are all events affecting the quality of the preparation. In some cases, the
enrichment of chromatin fragments within the correct size will still be present or will be shifted
to a higher size. In other cases, there may be a loss of material due to premature lysis or
unsuccessful shearing. Figure 4 shows some examples of such negative and suboptimal results.
Lane 3 and 4 show an enrichment of the fragment size between 200 bp and 800 bp. However, it
is clear that the fragment size spans from 100 bp to >10,000 bp. In lane 5 and 6 an enrichment in
the 100-250 bp range is present with a clear loss of material during the preparation. This could
explain why the sonication produced smaller fragments. Lane 7 shows a slightly sub-optimal
preparation with the fragment range increased, while lane 8 shows an almost complete loss of
material. This can be caused by premature nuclear lysis or insufficient tissue dissociation with
consequent loss after step 5.5.

FIGURE AND TABLE LEGENDS:

Figure 1: Chromatin preparation protocol overview. Pictures were taken after tissue
pulverization (a), additional manual homogenization (b), after nuclear lysis (c¢) and after
sonication (before centrifugation) (d). Nuclear staining was performed with Hoechst 33258/DAPI.
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Figure 2: Representative chromatin shearing, and its quality assessed by ChIP-qPCR. 1% agarose
gel with fragmented chromatin samples according to protocols from different chromatin
preparations. A control of unsheared chromatin is added to ensure no chromatin/DNA
degradation beforehand (a). Sheared chromatin has been tested for quality performing a ChIP-
gPCR assay. H3K4me3, H3K27ac and H3K27me3 antibodies were used to precipitate the freshly
prepared chromatin. (b) qPCR analysis was performed on human (Clorf43 and PSMB2), murine
(Gapdh) active promoters and human (HOXC13, HOXC12), murine (Myt1) inactive promoters.

Figure 3: Representative ChIP-seq analysis. Reads have been aligned to an index created with
both human and mouse genomes (hgl9 and mm10). After alignment human and murine reads
were separated and further analyzed. Heatmap of human genes where the signal was quantified
at the TSS and showed in descending order for H3K4me3 intensity (a). Example of human gene
cluster of suppressed genes (HOX cluster) surrounded by active genes (b). Heatmap of murine
genes where the signal was quantified at the TSS and shown in descending order for H3K4me3
intensity (c). Example of a murine gene cluster of suppressed genes (Hox cluster) surrounded by
active genes (d). All the data shown has been normalized by EaSeq per million reads.

Figure 4: Suboptimal and failed chromatin preparations. 1% Agarose gel with fragmented
chromatin samples according to protocol. The figure contains unsheared chromatin used as a
control (Lane 2), not optimal shearing (Lane 3-4), optimal shearing with clear material loss (Lane
5-6), suboptimal shearing (Lane 7) and extensive material loss (Lane 8).

Table 1: gPCR primers list for active and inactive genes used for ChIP-qPCR assays.

DISCUSSION:

Chromatin preparation from snap frozen tissue remains a challenge because of the number of
steps that need to be optimized in order to achieve reproducible and reliable results. Most of the
already published protocols®??® require tissue mincing before the manual dissociation
(douncing). We tried to avoid steps that could provoke protein degradation before the fixation
of the sample as much as possible. The pulverization step is already used in frozen liver
preparations?* and makes the manual dissociation easier and reproducible (see Figure 2a). With
the use of a mortar specifically designed for 1.5 mL tubes (see Protocols), the specimen loss
during the pulverization process is reduced, allowing to process small amounts of tissue such as
liver biopsy specimens. In principle it is possible to use direct tissue homogenization without any
grinding steps; however, tissue homogenization without previous pulverization has a worse
reproducibility in our experience and the appearance of problems for downstream applications
was higher (data not shown).

Most of the problems encountered by preparing chromatin from tissues derives from the nature
of these samples and the incapability to check properly whether the cell clusters are small enough
for fixation without losing quality. Moreover, checking each aliquot at each step would be time
consuming increasing the chance of protein degradation.
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Fixation (step 3.9) is a fundamental and crucial part of the chromatin preparation. Due to the
nature of the tissue, the fixation step has been delayed until the tissue was homogenized. Such
postponed fixation step has the advantage to produce a more homogeneous cell suspension.
However, we recognize, that in case of particularly manipulation-sensitive targets, it may be
necessary to perform the fixation just before step 3.6. This would help protect extremely
sensitive proteins or PTMs, although it may increase the size of the cell clusters, that when fixed
may result in nonhomogeneous shearing. The concentration of the FA solution used in the
protocol is standard, however, it can be modified to try to improve the overall fixation. The
fixation time chosen here also reflects standard conditions commonly used in the field. In case of
higher concentration of the fixating solution, the fixation time may be reduced, while in case of
a lower amount it should be increased. The operator should consider that a change of the fixation
time may either lead to over-fixation of the sample or give room for protein degradation. In case
of aiming at precipitating big complexes (or part of it) and TFs, it would be advantageous to
perform a double step fixation using a DSG solution followed by a FA one?>?6, DSG in this case
would stabilize protein-protein interactions, while formaldehyde mostly directs DNA-protein
interactions?’.

The operator should take into account the possibility of implementing a column-based kit for
DNA purification starting at step 6.7 which is faster and does not use toxic compounds. However,
there will always be a certain amount of unbound DNA that will be lost. For this reason, we
suggest using the classical phenol-chloroform extraction followed by EtOH precipitation.
Moreover, before running the agarose gel (step 7.2) it could be beneficial to measure the DNA
concentration and load the same amount for every well to have a clearer picture.

A limitation of this protocol stems from the fact that we explored and utilized this protocol only
using liver specimens derived from human-liver chimeric mice?®. Per se the liver consists of
epithelial and connective tissue®. In case of disease, fibrotic tissue and fat tissue may be
present3%3! creating additional challenges during tissue disruption. However, we recognize that
our protocol may not be used on bone, muscle and adipose tissue without optimization of the
dissociation and sonication steps. To note is that every tissue requires some kind of optimization
due to the absence of a protocol suitable for all of them like for cell culture samples®. We believe,
though, that with little or no optimization at all, this protocol could be successfully applied to
other tissues that share similarities with the liver in composition, like lung, intestine, stomach,
pancreas or kidney tissues.

Our protocol has also been successfully used to analyze TFs and histone modifications on the HBV
covalently closed DNA episome (cccDNA)32. This opens the chance to apply such an approach for
other viral genomes affecting the liver such as human Cytomegalovirus3?® (hCMV) and human
Adenoviruses3* (HAdV). It is not excluded that it would be possible to analyze other DNA viruses
that establish a persistent infection in other tissues like Kaposi Sarcoma Herpes Virus3> (KHSV),
Herpes Simplex Virus3® (HSV1/2) Polyoma viruses, Epstein-Barr Virus3’ (EBV).
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Primer name Sequence
Forward AGTGGGTGGAGAATGCAGAC
Clorfd3 promoter
Reverse GAGATTACCCCACCCCATTC
Forward CTTATTCAACCCCCGACAAA
PSMB2 promoter
Reverse GATGAAGGACGGTGAGAGGA
HOXC13 distal promoter Forward GAGCCCGAGATTCACTCAAC
Reverse TTATGCCCAGTTTTGGGGTA
HOXC12 distal promoter Forward AAAGCTTCCCACTGCAAAGA
Reverse AAATCTGGGGGCGAACTACT
Forward GGTCCAAAGAGAGGGAGGAG
MGAPDH promoter
Reverse GCCCTGCTTATCCAGTCCTA
Forward CAGCCCAATTCTAGCCACAT
mMYT promoter
Reverse CCAAAGCAGGGGAGTAGGAG
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Table of Materials

Name of Material/ Equipment
0.22um sterile syringe filter
1.5 mL Safeseal tubes
6x orange loading dye
Benchtop refrigerated centrifuge
Bioruptor NGS
Blade or Scalpel
Calcium chloride dihydrate
Chloroform
cOmplete Protease Inhibitor Cocktail
Deacetylase Inhibitor
Dounce tissue grinder set
EDTA 500 mM solution
EGTA
EtBr
Ethanol absolute
Glycerol
Glycin
Glycogen
Heating block
HEPES
LE Agarose
Liquid nitrogen cooled mini mortar
MeOH free Formaldehyde 16%
NP-40
PBS 1x
Pefabloc SC-Protease-Inhibitor
Phase Lock Gel - Heavy

Phenol:Chloroform:lsoamyl alcohol 25:24:1

Potassium chloride
Potassium hydroxyde
Proteinase K

RNAse A

Company
Labsolute
Sarstedt
Thermofisher

Diagenode

Carl Roth
Sigma Aldrich (Merck)
Roche
Active Motif
Sigma Aldrich (Merck)
PanReac AppliChem
Sigma Aldrich (Merck)
Carl Roth
CHEMSOLUTE
Sigma Aldrich (Merck)
Carl Roth
Roche

Sigma Aldrich (Merck)
Biozym
Bel-Art

Thermofisher
Roche
Thermofisher
Sigma Aldrich (Merck)
QuantaBio
Sigma Aldrich (Merck)
Carl Roth
Merck
Lucigen
Lucigen

Click here to access/download;Table of Materials;JoVE_Materials review 2.xls

Catalog Number
7699822
72,706,400
R0631

HNO4
C2432
11697498001
37494
DWK885300-0001-1EA
A4892
E4378
2218
2273
G9012
0079
10901393001

H4034
840000
H37260-0100
28908
11332473001
10010015
11429868001
2302830
P3803
6781
105033
MPRKO092
MRNAO092

Comments/Description

Concentration 10mg/mL

Concentration: 20mg/mL

Concentration: 50 pg/ulL
Concentration: 5 mg/mL
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SDS 10% solution

Sodium carbonate anhydrous
Sodium chloride

Sterile Petri dishes

Tris-HCl solution

Triton-X100

PanReac AppliChem
Carl Roth
Sigma Aldrich (Merck)
Sarstedt
Sigma Aldrich (Merck)
Sigma Aldrich (Merck)

A3950
A135
S7653
833,902,500
12694
X100
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Rebuttal Letter — second review round

“Chromatin extraction from frozen liver tissue for Chromatin immunoprecipitation (ChiIP)
analysis of host and viral genome”

We would like to thank the reviewers and the editors for their work. In the text we replied
all questions/concerns from editors/reviewers.

Editorial comments:
1. The editor has formatted the manuscript to match the journal's style. Please retain and
use the attached version for revision.

The format of the document has not been changed.
2. Please address all the comments marked in the manuscript.

We thank the editor for providing useful suggestions and comments. We addressed them
directly in the document.

3. Please address all reviewers' comments.

We addressed all the reviewers’ comments.

4. Please ensure that the highlight is no more than 3 pages including headings and spacings.

We complied with the highlight maximal length.

Reviewers' comments:

Reviewer #3:

Manuscript Summary:

The paper describes a detailed chromatin extraction method from frozen liver tissue that can be
used for chromatin immunoprecipitation experiments. The protocol is similar to currently widely
used protocols. The description of the different steps is clear and sufficiently detailed, so other
investigators can easily follow the experiment.

Data from intermediate steps (eg. efficiency of genome fragmentation) and ChIP experimental
data are provided. They confirm the efficacy of the method.

Major Concerns:
None

Minor Concerns:
None

Reviewer #4:

Manuscript Summary:

The protocol by Pirosu et al. provides a useful guide for chromatin preparation for X-ChlP for
frozen samples. As far as | can see this paper has gone through a previous round of revision, in
which | was not involved. The additions are definitely welcome for a more complete protocol. |
think the paper is overall in good shape and the details required for a technical protocol are
appropriate.

Minor Concerns:

|14
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However, the authors should address the following points:

- In the introduction, the authors should acknowledge previous technical papers that performed
ChIP on frozen tissues. Some of them even included a pulverization step (e.g. Savic D et al.,
Epigenetics Chromatin. 2013, PMID: 24279905).

We thank the reviewer for pointing this out. We acknowledged the paper from Savic et al. and
two additional papers at lines 104-106. We now clearly state the difference between our and
previous protocols for ChlP on frozen tissue.

- The phrase at lines 64-66 needs re-wording. Majority of post-transcriptional histone
modifications affect amino acids at the amino histone tail rather than "both ends".

The sentence has been rephrased specifying N-terminus histone tail modification prevalence
(lines 63-64).

- The authors should be more explicit about what they mean by "sampling from human liver
chimeric mice" (line 115). Is this information strictly relevant for this protocol?

The sentence was added in accordance with JoVE publishing guidelines:

“All methods that involve the use of human or vertebrate subjects and/or tissue sampling must include
a statement that the research was performed in compliance with institutional guidelines at the
beginning of the protocol section.”

The information is indeed not strictly relevant for the protocol. However, as we work with a mouse
model, we had to specify that we obtained the sample in compliance with animal work guidelines.

- Why not have a section on chromatin immunoprecipitation? Are there any specific changes to a
standard ChlP protocol that users should know about after following the steps described for
chromatin preparation? | find that data shown in Figs 2b and 3 and Table 1 are a bit pointless in
the absence of a section describing chromatin immunoprecipitation.

We decided not to include any ChIP section because there are no changes during the IP in
comparison to standard protocols. In addition to that, the users could decide to use a kit-based
protocol for the precipitation step or implement their own protocol. The data shown in figures 2b,
3 and table 1 has been included to demonstrate that the chromatin extracted using our protocol
is suitable for ChIP-gPCR and ChIP-seq approaches. Without showing them, there would be no
proof that the protocol indeed works. Therefore, we would like to keep the figures as they are.
Please, note that reviewer #1 and #2 asked specifically for additional proof that the chromatin
would be suitable for IP for both human and murine genomes.

- The paragraph at lines 457-469 requires a heading (e.g. "Troubleshooting").
A heading has been included at line 463



