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23 SUMMARY:
24 Here, we present a protocol for the isolation of RNA, DNA, and protein from the same sample, in
25 an effort to reduce variation, improve reproducibility, and facilitate interpretations.
26
27  ABSTRACT:
28 A single biological sample holds a plethora of information, and it is now common practice to
29  simultaneously investigate several macromolecules to capture a full picture of the multiple levels
30 of molecular processing and changes between different conditions. This protocol presents the
31 method of isolating DNA, RNA, and protein from the same sample of the nematode
32  Caenorhabditis elegans to remove the variation introduced when these biomolecules are isolated
33  from replicates of similarly treated but ultimately different samples. Nucleic acids and protein
34  are extracted from the nematode using the acid guanidinium thiocyanate-phenol-chloroform
35  extraction method, with subsequent precipitation, washing, and solubilization of each. We show
36  the successful isolation of RNA, DNA, and protein from a single sample from three strains of
37 nematode and Hela cells, with better protein isolation results in adult animals. Additionally,
38  guanidinium thiocyanate-phenol-chloroform-extracted protein from nematodes improves the
39 resolution of larger proteins, with enhanced detectable levels as observed by immunoblotting,
40 compared to the traditional RIPA extraction of protein.
41
42  The method presented here is useful when investigating samples using a multiomic approach,
43  specifically for the exploration of the proteome and transcriptome. Techniques that
44  simultaneously assess multiomics are appealing because molecular signaling underlying complex
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biological phenomena is thought to occur at complementary levels; however, it has become
increasingly common to see that changes in mRNA levels do not always reflect the same change
in protein levels and that the time of collection is relevant in the context of circadian regulations.
This method removes any intersample variation when assaying different contents within the
same sample (intrasample.)

INTRODUCTION:

Multiomics, the analytical approach that uses a combination of omics, such as genome,
proteome, transcriptome, epigenome, microbiome, or lipidome, has become increasingly
popular when processing large data sets for disease characterization®?. Mounting evidence has
shown that limiting approaches to a single “ome” provides an incomplete molecular analysis
(reviewed by Rotroff and Motsinger-Reif!). Large data sets are generated, particularly when
performing screens using high-throughput techniques, but in order to paint a complete picture
or to identify the most relevant targets, multiomic approaches are preferable. With the use of
multiomics approaches, however, there is the frequent observation of discrepancies between
mRNA and protein levels3=. Notably, mRNA and protein used for side-by-side transcriptomic and
proteomic analyses with RNA sequencing (RNAseq) and liquid chromatography-tandem mass
spectrometry (LC-MS/MS), respectively, are often obtained from similarly treated samples from
different replicates, potentially introducing variation between the same conditions®=®. Harvald et
al. performed an elegant C. elegans starvation time-course study that compared the
transcriptome and proteome of wild-type (WT) worms to that of hlh-30 mutant worms that lack
an important transcription factor. Of note, the RNA and protein were harvested from the same
condition replicates, so not from the same sample. Their findings show a low correlation between
the mRNA levels and protein levels at each time point (r = 0.559 to 0.628). In fact, their heatmap
formed four clusters: Cluster | had a large decrease in mRNA levels but little or no decrease in
corresponding protein levels, Cluster Il had little or no increase in mRNA levels but an increase in
protein levels, Cluster Ill had an increase in mRNA levels but a decrease in protein levels, and
Cluster IV had an increase in mRNA levels but only a subtle change in protein levels*. In addition,
this intersample variation may be introduced in cases where the samples of the same condition
are not collected at the exact same time. For example, mRNA and proteins regulated by the
circadian cycle fluctuate depending on the time of day’2, or, more specifically, the exposure of
C. elegans to light®; expression of these circadian proteins may be delayed up to 8 h after gene
expression induction®. Nevertheless, the prevalence of this observation does not necessarily
mean it is wrong; in fact, this may prove to be informative. Protein and mRNA are in a constant
dynamic state between formation and degradation. Moreover, proteins are often
posttranslationally modified to increase stability or to induce their degradation'®. For instance,
their ubiquitination status can lead to either activation or targeting to the proteasome or
lysosome for degradation®!. Additionally, noncoding RNAs play an important role in regulating
gene expression at the transcriptional and posttranscriptional stages®2. Thus, the question is how
to limit the variables to confirm that the discrepancies we observe in these nematode studies are
real.

Here, we propose a method that removes the intersample variable by allowing analyses of
different macromolecules from the same sample. The goal of this protocol is to offer a method
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to consistently isolate DNA, RNA, and protein from a single sample of C. elegans (referred to as
worms) in an effort to reduce variation, improve reproducibility, and facilitate interpretations.
Additional benefits of using the same sample include the saving of time and resources during
sample collection, facilitating the cross-sectional analysis of valuable and limited samples,
including strains that are difficult to grow and maintain, and gaining insights into the differential
regulation of macromolecules based on intrasample variations in mRNA and protein levels.

This method is suitable for assessing gene expressions and protein levels from a single sample of
worms, allowing for a more comprehensive evaluation of multiple levels of molecular processing.
Guanidinium thiocyanate-phenol-chloroform (GTCp) reagent!3, a commonly used chemical to
isolate RNA, is used for the extraction of nucleic acids and protein from the worms, with
subsequent precipitation, washing, and solubilization of each. This protocol is a compilation of
various protocols'*#*> with minor modifications, designed with a focus on C. elegans, but we have
also successfully isolated RNA, protein, and DNA from a pellet of Hela cells following the same
steps. Although not tested here, this protocol is likely to work on tissues as well¢:17,

PROTOCOL:

NOTE: Each macromolecule precipitation step is performed sequentially, followed by washes
done concurrently; however, it is recommended to complete the RNA isolation first as it is
intrinsically unstable.

1. Sample collection

1.1. Seed 1,000 worm eggs per 10 cm plate with appropriate growth conditions!®. Incubate at 20
°Cfor 72 h.

NOTE: Bleach egg-bearing adults in order to collect eggs as previously described?8.
1.2. Wash the plate with around 5 mL of M9 buffer and collect 1,000 adult worms into a tube.

NOTE: M9 buffer is composed of 35 mM sodium phosphate dibasic, 102 mM sodium chloride, 22
mM potassium phosphate monobasic, and 1 mM magnesium sulfate in sterile water?8,

1.3. Centrifuge the worms at 3,000 x g for 1 min, discard the supernatant, and transfer the
pelleted worms with 1 mL of M9 buffer to a 1.5 mL microcentrifuge tube.

1.4. Centrifuge again at 3,000 x g for 1 min and discard most of the supernatant. Store the
pelleted worms at -80 °C for a minimum of 4 h.

NOTE: Using a frozen pellet produces a higher yield than a fresh pellet. A series of freeze/thaw
cycles using liquid nitrogen or 95% ethanol on dry ice to crack the worm cuticle is recommended
if using a fresh pellet. Leaving a small amount of M9 on the pellet will help break the cuticle when
freezing.
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2. Nucleotide and protein isolation

2.1. Remove any supernatant from the thawed pellet and add 1 mL of cold GTCp reagent. Mix
well by pipetting up and down. Place the sample on ice for 10 min and mix it occasionally by
turning it upside down.

CAUTION: Phenol is corrosive, neurotoxic, and highly toxic and may cause chemical burns and
blindness.

NOTE: We used up to 5,000 adult worms as the starting material with the reported volumes; each
volume is based on the use of 1 mL of GTCp reagent. When using a larger sample, it may be
necessary to scale up.

2.2. To the solution of worms and GTCp, add 200 uL of cold chloroform. Hold the tube between
fingers and shake vigorously for 15 s. Leave it at room temperature (RT) for 3 min.

CAUTION: Chloroform is a toxic irritant, may cause skin sores and other organ-targeted harm,
and is a possible carcinogen.

2.3. Centrifuge the tube at 12,000 x g for 15 min at 4 °C.

NOTE: Three layers are formed after this spin: the top, clear aqueous phase, the bottom, pink
organic phase, and the small, cloudy interphase that contains lipids and DNA.

2.4. Using a micropipette, move the clear top layer (aqueous phase) to a new RNase-free 1.5 mL
microcentrifuge tube (tube A) to isolate RNA via alcohol precipitation (as detailed in step 2.5) and
move the pink layer (organic phase) from the remaining pellet to a new tube (tube B) and place
it on ice.

NOTE: The pink organic phase can be frozen at -80 °C until the isolation of DNA and protein from
this sample. Larger samples will produce a thick white layer between the aqueous and organic
phase. This fraction contains DNA. If this layer can be removed without disturbing the other
phases, do so and put it in a separate tube (tube B2).

2.5. Isolate RNA as follows.

2.5.1. From the clear aqueous phase in tube A, precipitate the RNA with 500 pL of 100%
isopropanol. Incubate for 10 min at RT. Then, centrifuge tube A at 12,000 x g for 10 min at 4 °C.

NOTE: A small white pellet of RNA should be visible at the bottom of the tube.

2.5.2. Decant the majority of the supernatant. Remove the rest with a 1 mL syringe with a needle
and discard the supernatant.
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NOTE: The size of the needle is not important; however, a larger needle gauge will offer more
control so as not to disturb the pellet. A micropipette can be used if needles are not available.

2.5.3. Add 1 mL of 75% ethanol to tube A to wash the pellet. Spin the tube at 7,500 x g for 5 min
at4°C.

2.5.4. Remove the supernatant from the pellet by decanting and using a 1 mL syringe with a
needle, as described in step 2.5.2, and discard it.

2.5.5. Let the pellet air-dry for 5-10 min, but do not let it overdry. Use 50 uL of RNase-free water
to reconstitute the pellet of RNA before it becomes completely transparent.

NOTE: This is an adequate starting volume for 1,000—-3,000 worms, but it may need to be adjusted
depending on how much starting material was used.

2.5.6. Incubate the pellet at 55-60 °C for 10 min to dissolve it.

2.5.7. Measure the concentration and the purity using a spectrophotometer. Record absorbances
at 260 nm for RNA concentration and at 230 and 280 nm to identify any impurities.

2.5.8. Clean the RNA to remove any contaminants, such as phenol residue or DNA, either with
column purification or with subsequent ethanol washes and DNase treatment.

NOTE: At this point, the RNA is ready to be sent for RNAseq analysis or can be used to make cDNA
to use for gPCR (see section 3.1 for details). RNA can be stored at -80 °C until further use.

2.6. Isolate DNA as follows.

2.6.1. From the pink organic phase in tube B and the sample in tube B2, if any, precipitate the
DNA by adding 300 uL of 100% ethanol and mix by inversion. Leave the tube(s) at RT for 2—3 min.

2.6.2. Centrifuge tubes B and B2 at 2,000 x g for 5 min at 4 °C to pellet DNA.
2.6.3. Move the supernatant from tubes B and B2 by pouring it into a new 2 mL tube (tube C) and
leave it on ice for subsequent protein isolation. Wash the DNA pellet in tube B or B2 with 1 mL of

0.1 M sodium citrate in 10% ethanol for 30 min. Centrifuge at 2,000 x g for 5 min at 4 °C.

NOTE: Sodium binds to the DNA backbone, making DNA precipitate more readily in sodium
citrate and ethanol, allowing impurities to be removed by low-speed centrifugation.

2.6.4. Repeat the wash step as described in step 2.6.3. Resuspend the pellet in 1.5 mL of 75%
ethanol and leave it at RT for 20 min, with occasional mixing by upending.
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2.6.5. Centrifuge tube B or B2 at 2,000 x g for 5 min at 4 °C.
2.6.6. Discard the supernatant and allow it to dry for 5-10 min.

2.6.7. Dissolve the pellet in 150 pL of 8 mM sodium hydroxide. Adjust to the desired pH with
HEPES if necessary. Spin the sample at 2,000 x g for 5 min at 4 °C.

2.6.8. Using a micropipette, move the supernatant (DNA) to a new tube. Measure the
concentration and determine the purity using a spectrophotometer. Record absorbances at 260
nm for DNA concentration and at 230 and 280 nm to identify any impurities.

2.7. Isolate protein as follows.

2.7.1. To precipitate the protein, add up to 1.5 mL of 100% isopropanol to the pink supernatant
in tube C, mix by inverting several times, and incubate at RT for 10 min.

2.7.2. Centrifuge tube C at 12,000 x g for 10 min at 4 °C.

2.7.3. Discard the supernatant and wash the pellet with 2 mL of 0.3 M guanidine hydrochloride
in 95% ethanol for 20 min at RT. Centrifuge tube C at 7,500 x g for 5 min at 4 °C.

2.7.4. Repeat the wash step as described in step 2.7.3 2x.

2.7.5. Move the protein pellet to a new 1.5 mL tube (tube C2) and add up to 1.5 mL of 95%
ethanol. Vortex and let it sit at RT for 20 min.

2.7.6. Centrifuge tube C2 at 7,500 x g for 5 min at 4 °C. Discard the supernatant and let the pellet
dry for 10 min at RT. Dissolve the pellet in 300 pL of 5% SDS at 50 °C for 60 min.

NOTE: A longer incubation time may be required to fully dissolve the protein pellet. In the past,
the pellet has been incubated for up to 6 h without sacrificing quality.

2.7.7. Centrifuge tube C2 at 10,000 x g for 10 min at 17 °C. Move the supernatant to a new tube.

2.7.8. Measure the concentration using a preferred protein quantification assay that is
compatible with detergent.

NOTE: The protein is ready to be used in SDS-PAGE and western blotting. It can be stored at -20
°C for future use. For other techniques, such as LC-MS/MS, the detergent will need to be dialyzed
off.

3. Evaluating mRNA and protein levels
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3.1. RT-qPCR

3.1.1. Prepare cDNA by reverse transcription with 1 ng of RNA, using the following thermocycler
protocol: priming (5 min at 25 °C), reverse transcription (20 min at 46 °C), and RT inactivation (1
min at 95 °C).

3.1.2. Make a stock plate of cDNA by adding 100 pL of 1:100 dilutions of each cDNA sample to
individual wells of a 96-well plate. Include appropriate controls, such as no template/water-only
wells, and serially diluted samples from 1:25 to 1:400 (originated with pooled cDNA from all of
the samples analyzed) to allow for a standard curve to establish primer efficiency for each gene
analyzed.

NOTE: This format can be used with the 96-well microdispenser, which allows for the transfer of
all samples in a plate to an RT-gPCR plate and for the mitigation of well-to-well pipetting
variations. The appropriate master mix (e.g., SYBR + primers) can be added to each well
thereafter, with a multichannel pipette. Overall, this approach reduces errors introduced when
hand-pipetting each sample, thus further reducing variability.

3.1.3. Add 3 pL of cDNA from the stock plate to the wells of the RT-qPCR plate.

3.1.4. Make a master mix for each set of primers that includes 1x supermix containing a DNA-
intercalating cyanine dye, 5 UM each of forward and reverse primers, and water up to 7 uL per

sample. Add 7 uL to the appropriate wells of an RT-qPCR plate and agitate lightly to mix.

NOTE: Include samples to measure housekeeping genes to use as a reference to normalize the
results®.

3.1.5. Run the plate using an RT-qPCR protocol that is suitable for the primers being used.
3.2. Western blot
NOTE: For detailed information about western blots, please refer to Mahmood and Yang?°.

3.2.1. Prepare samples for SDS-PAGE by combining 20 ug of protein with an equal volume of 2x
Laemmli Sample Buffer and boil at 95 °C for 10 min.

3.2.2. Load the samples onto a 4%—15% Tris-glycine gel and run them at 150 V for 1 h, or until
the dye front reaches the bottom of the gel.

3.2.3. Transfer proteins from the gel to a nitrocellulose membrane at 25 V for 30 min in a semidry
transfer apparatus.

3.2.4. Confirm the proper transfer by staining the membrane with Ponceau S stain.
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3.2.5. Thoroughly wash the stain from the membrane with Tris-buffered saline (TBS) with 0.01%
polysorbate 20 (TBS-T).

3.2.6. Block the membrane with 5% nonfat milk in TBS-T for 1 h at RT.

3.2.7. Incubate the membrane in the primary antibody at the appropriate dilution according to
the supplier’s recommendations. Leave it on the rocker at 4 °C overnight.

3.2.8. Wash the membrane 3x, for 5 min each, with TBS-T.

3.2.9. Incubate the membrane in the appropriate secondary antibody at the appropriate dilution
according to the supplier’s recommendations. Leave it on the rocker for 1 h at RT.

3.2.10. Wash the membrane 3x, for 5 min each, with TBS-T.
3.2.11. Image and quantify the western blot, using preferred methods.

REPRESENTATIVE RESULTS:

The RNA, DNA, and protein samples were analyzed, and representative results using the RNA and
protein isolates are presented here. Additionally, we compare the protein sample harvested
using the GTCp method to the common RIPA lysis method?!. For our experiment, we used four

independent replicates of each WT (N2) worms and two long-lived mutant worms, eat-2 and rsks-
122,23.

RNA and DNA quantity and quality

The concentration of RNA when resuspended in 50 L of water ranged from 0.2-2 pug/uL, using
around 3,000 adult worms as starting material. The absorbance ratios, which indicate purity,
ranged from 2.0 to 2.2 for A260/A280 and 1.9 to 2.5 for A260/A230 (Table 1), indicating the
successful extraction of RNA without contamination with GTCp components, such as phenol or
guanidine hydrochloride.

The DNA extraction was successful, but the quality was variable. The DNA concentration when
resuspended in 150 pL of NaOH ranged from 0.04 to 1.1 pug/ulL. The absorbance ratios ranged
from 1.8 to 2.1 for A260/A280 and 0.9 to 1.6 for A260/A230 (Table 1), indicating the successful
extraction of DNA; however, some of the samples were contaminated with GTCp components,
like phenol or guanidine hydrochloride. If DNA isolation is necessary, care must be taken when
separating the middle layer from the GTCp phase separation, and more washes may be
necessary.

RT-qPCR of selected targets

The RNA isolation from four independent samples of each worm strain was successful and was
sent for RNAseq analysis, with subsequent RT-qPCR performed using a supermix containing a
cyanine dye. Targets analyzed by RT-gPCR were selected from a large RNAseq dataset based on
the most differentially regulated genes common in both mutants as compared to the WT worms.

8
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FO7C4.12%*, a homolog to human neuroligin 3, isoform b, was the selected shared upregulated
target. We also included a differentially regulated gene between both mutants, mrp-1%°, for
additional analysis, which was upregulated in eat-2 worms but downregulated in rsks-1 worms.
Expression changes of mrp-1 were confirmed via RT-qPCR; however, the FO7C4.12 upregulation
in rsks-1 worms predicted by the RNAseq analysis was not seen by RT-qPCR (Figure 1).

Additional targets with antibodies validated for worms were investigated as well. These included
several organelle markers characterized in Hadwiger et al.?. A number of these markers were
differentially expressed at the mRNA level in the mutant worms. As seen in Figure 1, Imp-1%7 and
dlg-1?8 were upregulated in eat-2 worms; hsp-42°, hsp-70%, and Imp-1 were upregulated in rsks-
1 worms; hsp-60%° and pas-72' were downregulated in eat-2 worms; hsp-60 and tac-13? were
downregulated in rsks-1 worms.

Simultaneous vs. RIPA protein preparation

To affirm the efficiency and quality of the protein with the GTCp method as described above, we
compared it to protein collected using the more traditional method of RIPA lysis?l. Using the
same amount of starting material, namely either adults only (about 10,000 worms) or a mixed
population of adults, larvae, and eggs (about 130,000 worms), the overall quantity collected with
GTCp was less when resuspended in equal end volumes (Table 1); however, the extraction from
an adult-only population was more successful than from a mixed population. Additionally, the
quality of the proteins was similar, albeit the GTCp-extracted protein showed a better resolution
of larger proteins upon equal loading of total protein, as shown by Coomassie stain in Figure 2.
Indeed, targets evaluated by western blot in Figure 3 showed similar levels in most cases;
however, the proteins larger than 75 kDa showed lower levels in the RIPA-extracted protein
compared to the GTCp-extracted protein (Figure 3A, right lane; Figure 3B, yellow bar).

The extraction method presented here was also evaluated in the mammalian cell line Hela. For
reference, the amount of protein extracted with RIPA from a compact pellet of six million Hela
cells (an ~25 pL pellet) was comparable to that extracted from a 130,000 mixed population of
worms (an ~75 uL compact pellet), or about half of what is extracted from 10,000 adult worms
(an ~100 pL gravity-settled pellet), as seen in Table 1. We show that the efficiency of protein
extraction (Table 1) and the resolution of larger proteins (Figure 2) was decreased in GTCp
compared to RIPA-extracted protein in Hela cells, suggesting this technique works better in an
adult population of worms. The incomplete solubilization of the protein pellet from GTCp-
extracted Hela protein may be a limitation of this method in mammalian cells.

Immunoblotting targets analyzed by RT-qPCR

Next, we investigated the protein levels of the gene products tested by RT-gPCR to determine if
the mRNA levels correlated with the protein levels. As seen in Figure 3, the average expression
changes of protein correlated with the average mRNA expressions changed for many targets;
however, some protein levels did not reflect the changes in mRNA levels. Often, the mRNA levels
in eat-2 worms were higher than those in the other strains, but the protein levels were either the
same or lower than the other strains of the same target. The most outstanding observation was



395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438

the very high levels of dlg-1 mRNA in eat-2 worms, which did not translate to more protein; in
fact, there were lower dlg-1 protein levels when compared to the other strains (Figure 3).

Finally, the levels in the GTCp-extracted protein and the RIPA-extracted protein showed a striking
difference. The RNA was extracted in the same manner for both; however, the similar but
separate sample collected by RIPA lysis showed greatly reduced protein levels, particularly for
those larger than 75 kDa (Figure 3A, right lane; Figure 3B, yellow bar).

Intrasample comparison of mRNA and protein levels

One of the goals of this protocol was to determine if the variation we saw at the mRNA and
protein level was real, or if it could be an artifact of intersample variation. In Figure 4, a subset
of targets was compared within the single samples. Each individual sample is shown as the same
shade and color of the dot, with sample 1 being the darkest shade and sample 4 as the lightest
shade of gray (WT), blue (eat-2), or red (rsks-1). Within most samples, there was a low variability
of the mRNA levels, with greater variability at the protein level, a potential flaw of the
semiquantitative analysis of western blots. When looking at the position of each of the colored
dots between the mRNA and protein pairs, the order of highest-to-lowest often did not match;
for example, in WT, the hsp-60 mRNA order was sample 4, 3, 2, 1, but the protein levels were 1,
2, 3, 4. Thus, differences between mRNA and protein levels within a sample certainly exist, but
the presented method allows users to remove the time of collection as a possible source of the
observed difference.

TABLE AND FIGURE LEGENDS:

Table 1: Concentrations and absorption ratios. RNA and DNA concentrations and purity ratios
were measured on a spectrophotometer. Protein concentrations were determined using a
colorimetric protein quantification assay. The gray, blue, and red highlight the samples used for
RT-qPCR and western blot. The yellow indicates samples used to compare GTCp to RIPA protein
extraction or worm protein to Hela protein.

Figure 1: Gene expression by RT-qPCR. RT-qPCR analysis for the mRNA obtained by this method,
confirming targets identified from RNAseq data, and of organelle marker genes. The error bars
represent standard deviation; n = 4. The concentration of mRNA was defined against a standard
curve for each set of primers. All mRNA levels were normalized to the average of a set of six
housekeeping genes used as reference genes, which include act-1, cdc-42, ama-1, nhr-23, pmp-
3, and cyn-1.

Figure 2: Comparison of GTCp- versus RIPA-extracted protein in worms and Hela cells. Total
protein from wild-type (WT) worms or Hela cells harvested via GTCp or RIPA lysis method,
separated by SDS-PAGE, and stained with Coomassie blue. Each lane contains 25 g of total
protein.

Figure 3: Protein levels in worms. (A) Western blot of targets investigated by RT-qPCR and (B)
densitometry analysis of signal intensity. Each lane contains 20 pg of total GTCp-extracted protein
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from wild-type (WT), eat-2, or rsks-1 mutant worms. The image shown is a representation of four
independent replicates per worm strain. B-actin (bottom) was used to control for equal loading
for each target; only one representative set is shown. The right lane contains 20 pg of total RIPA-
extracted protein from rsks-1 mutant worms. (B) Corresponding signal intensities were
guantified using Imagel. The error bars represent standard deviation; n = 4.

Figure 4: Intrasample mRNA and protein level comparison. The mRNA and protein levels from
individual samples from a subset of targets for each strain are aligned. The color is the
representative of the Table 1. The gray/black is WT, the blue is eat-2, and the red is rsks-1. mRNA
and protein of the same target are paired next to each other and separated by nematode strain.

DISCUSSION:

Methods for biomolecule isolations, such as DNA, RNA, and proteins, are often optimized without
technical overlap or combinations. This is particularly disadvantageous when samples are difficult
to obtain, which could lead to harvesting samples under the same conditions at different times.
Depending on the cellular pathways, replicates collected at different times may generate
variation. This manuscript offers a procedure to circumvent this hurdle by enabling the
concurrent isolation and purification of each biomolecule from the same sample of wormes,
reducing variations introduced by different isolation techniques, the timing of sample harvest, or
unequal harvesting. Controlling these variables not only saves time and resources, but also
facilitates reproducibility. Here, we demonstrate a combinatorial approach that avoids
compromising RNA and protein quality, albeit with variable results with DNA. Preparations can
be further optimized using DNA cleaning procedures. We demonstrated the approach using
material from the nematode C. elegans and Hela cells.

Previous work exploring the transcriptome and proteome of N2 WT animals and eat-2 and rsks-
1 mutants have offered insight into various pathways, including mechanisms that extend
lifespan*33-3>, In an effort to investigate the mechanism of caloric restriction in extending
lifespan, a Stable Isotope Labeling by/with Amino acids in Cell culture (SILAC) analysis found that
eat-2 worms have an overall downregulation of global protein synthesis 3°. The data presented
here is consistent with this finding, even as the mRNA levels of the same targets are greatly
increased. Another group aimed to identify effectors of S6K-mediated longevity and, thus,
performed a proteomic screen of rsks-1 worms33. From the RNAseq data found with the current
study, we identified at least three genes that corroborate with proteins identified from this
screen; MRP-1 and homologs of CPA and neuroligin (FO7C4.12) were discovered as being
differentially expressed in rsks-1 worms as compared to WT N233,

The data generated using this method is consistent with previous multiomic investigations. The
MRNA levels of nine targets were used to predict the protein levels in each sample. Of these
targets, many had predictable protein levels based on the mRNA levels. Nevertheless, there were
notable discrepancies between the mRNA and protein levels. Importantly, the protocol
presented here allows scientists to confidently evaluate and interpret these differences by
removing intersample variability by collecting mRNA and protein from the same sample.
Furthermore, we compared the mRNA levels to the protein levels collected from the same
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sample or collected from a similar but different sample harvested with RIPA. We showed that for
a number of the targets, there were much lower levels of protein in the RIPA-extracted sample.
Without controlling for the intersample variation, it would be impossible to know if this
difference was due to the differential regulation of mMRNA and protein.

It is important to keep in mind that there are protocols optimized specifically for these different
macromolecules, so if a cross-sectional analysis is not the final goal of the experiment, then it
would be pertinent to employ those methods instead. Using GTCp to isolate DNA and protein
causes them to become less soluble, requiring the reconstitution of DNA in a weak base, such as
NaOH, and solubilizing the protein in a buffer with a high concentration of detergent with
heating, at the risk of incomplete solubilization. Additionally, GTCp contains guanidinium
thiocyanate and acidic phenol, which inactivates enzymes such as proteases, but will slowly
degrade protein over time unless frozen. It will be to the discretion of the researcher to decide if
the circumvention of these limitations will be worthwhile.

Importantly, when working with RNA, a sterile technique, keeping the sample on ice unless
otherwise noted, and the use of commercially available decontaminating reagent is
recommended to keep the RNA intact. Notably, larger samples will need more GTCp to start with,
in which each extraction solvent will also need to be scaled up. This protocol does not require
any manual homogenization of the worm or cell samples when the correct amount of GTCp is
used. In the context of DNA isolation, the yield is highly dependent on the proficiency to recover
the organic (pink) layer. Finally, to improve the solubilization of proteins during isolation,
increasing the volume of resolubilization buffer or adding other detergents besides SDS may be
necessary. Indeed, proteins from an adult-only population of worms instead of a mixture of
adults, larvae, and eggs are much easier to resolubilize.

Overall, using this protocol provides an integrated approach to biomolecule isolations and
facilitates the interpretation of correlations, or lack thereof, between mRNA and protein levels
that can arise from separately harvesting biomolecules from different samples. Using this
method can help scientists to identify correctly cases where the translation of mRNA to protein
is not correlative and can lead to the deeper investigation of posttranscriptional and
posttranslational regulatory mechanisms under various conditions.
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Concentrations and Absorption ratios.xlsx

RNA | RNA | RNA

conc |A260/|A260/
Strain: Sample # (ng/ul)| A280 | A230
WT #1 1540.3 2.2 2.5
WT #2 503.2 2.2 2.5
WT #3 408.5 2.1 2.5
WT #4 442.2 2.1 2.5

WT: 1e4 adult worms 3952.9 2.1 2.4
rsks-1: 1.3e5 worms 905.9 2.0 2.2
Hela: 6e6 cells 2002.2 2.0 1.9

WT: 1e4 adult worms RIPA

rsks-1: 1.3e5 worms RIPA

HelLa: 6e6 cells RIPA
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DNA | DNA | DNA | Protein
conc |A260/|A260/| conc
(ng/ul) | A280 | A230 | (pg/ul)
1421.2 2.0 1.5 6.2
1153.6 2.1 1.6 55
1040.2 1.9 1.3 2.9
1123.6 1.8 1.1 3.2

621.4 2.1 1.6 7.2
422.1 1.9 1.2 1.1
130.1 1.9 1.5 1.1
7.9
4.8
3.1
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Name of Material/ Equipment Company Catalog Number Comments/Description
4-15% Mini-PROTEAN® TGX Stain-Free™ Protein
Gels BIORAD 4568084
Antibodies:
CePAS7-s DHSB- U of lowa
CeTAC1-s DHSB- U of lowa
DLG1-s DHSB- U of lowa
GRP78 Novus Bio. NBp1-06274
HRP Goat Anti-Mouse Li-Cor 926-80010
HRP Goat Anti-Rabbit Li-Cor 92680011
HSP60-s DHSB- U of lowa
LMP1-s DHSB- U of lowa
MRP-1 Abcam ab24102
Neuroligin 3 Abcam ab172798
B-actin Millipore MAB1501R
ChemiDoc MP Imaging System BIORAD
Chloroform Fisher C298-500 Health hazard, Irritant, Toxic
Coomassie Brilliant Blue ThermoSci 20279
DC Protein assay BIORAD 500-0116
Epoch 2 microplate reader BioTek
Ethanol (200 proof) Fisher 04-355-223 Flammable, health hazard
Hela cells ATCC CCL-2 BSL2
iScript Reverse Transcription Supermix BIORAD 1708840

Hydra microdispenser: Matrix Hydra
Isopropanol

Robbins/ThermoF
isher
Fisher

A516-4 Flammable, health hazard
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M9 buffer:

3 g KH,PO,

6 g Na,HPO,

5 g NaCl

Add H,0 to 1 liter. Sterilize by autoclaving.
After solution cools down, add 1 mL sterile 1 M

MgSO,

Laemmli Sample Buffer (2x) BIORAD 161-0737

NanoDrop One ThermoSci

PAGE apparatus BIORAD

Ponceau S Alfa Aesar 160744

Primers IDT 25 nmole DNA Oligo with Standard Desalting

dlg-1: F (5'-GGTCCTACCAGGCAGTTGAG-3')

R (5'-CACGTCCGTTAACCTCTCCC-3')

hsp-4: F (5'-AGAGGGCTTTGTCAACCCAG-3')

R (5'-TCGTCAGGGTTGATTCCACG-3')

hsp-70: F (5'-CGGCATGTGAACGTGCTAAG-3')

R (5'-GAGCAGTTGAGGTCCTTCCC-3')

hsp-60: F (5'-ATTGAGCAATCGACGAGCGA-3')

R (5'-CAACACCTCCTCCTGGAACG-3')

Imp-1: F (5'-~ACAACAACACCGGACTCACG-3')

R (5'-ATCGAGCTCCCACTCTTTGG-3')

tac-1: F (5'-AGTGGCAGGCAAAGTTCCTC-3')

R (5'-TGAGCACCTTGATCTCGTCG-3')

pas-7: F (5'-GTACGCTCAAAAGGCTGTCG-3')

R (5'-CTGAATCGGCATTGGCTCAC-3')

mrp-1: F (5'-TTTGCCTTGCGCTTGTTCTG-3')

R (5'-AGTTCCAGTGCGGAGCATAC-3')
FO7C4.12: F (5'-TGCTGAGCATGAAGGACTGT-3')
R (5'-TGGCAATAGCTCCTCCGTTG-3')

HK Actin: F (5'-CTACGAACTTCCTGACGGACAAG-3')
R (5'-CCGGCGGACTCCATACC-3')



HK cyn-1: F (5-GTGTCACCATGGAGTTGTTC-3')

R (5'-TCCGTAGATTGATTCACCAC-3')

HK nhr-23: F (5'-CAGAAACACTGAAGAACGCG-3')
R (5'-CGATCTGCAGTGAATAGCTC-3')

HK ama-1: F (5'-TGGAACTCTGGAGTCACACC-3')
R (5'-CATCCTCCTTCATTGAACGG-3')

HK cdc-42: F (5'-CTGCTGGACAGGAAGATTACG-3')
R (5'-CTCGGACATTCTCGAATGAAG-3')

HK pmp-3: F (5'-GTTCCCGTGTTCATCACTCAT-3')
R (5'-ACACCGTCGAGAAGCTGTAGA-3')

LightCycler 96 gPCR machine
RIPA buffer:

10 mM Tris-Cl (pH 8.0)

1 mM EDTA

1% Triton X-100

0.2% SDS

140 mM NacCl

1 tablet of Roche protease inhibitor per 20 ml
SsoAdvanced Universal SYBR Supermix
SuperSignal West Femto Max Sens Substrate
Trans-Blot Transfer apparatus

Trans-Blot Turbo Transfer Pack

TRIzol reagent

Worm strains:

N2 (wild type)

eat-2 (MAH95)

rsks-1 (VB633)

Roche

BIORAD
ThermoSci
BIORAD
BIORAD
Invitrogen

Caenorhabditis
Genetics Center
(CGQ)

1725274
34095

170-4159
15596026 Health hazard (skin, eyes)
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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
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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 JoVE 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
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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
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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 of 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.
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Editorial comments:

1. The editor has formatted the manuscript to match the journal's style. Please retain the same.

Ok
2. Please address all the specific comments marked in the manuscript.

Done
3. Please proofread the manuscript for any grammar or spelling issues.

Done
4. JoVE policy states that the video narrative is objective and not biased towards a particular
product featured in the video. The goal of this policy is to focus on the science rather than to
present a technique as an advertisement for a specific item. To this end please remove the term
TRIzol and use generic term instead.

We have replaced TRIzol with guanidinium thiocyanate-phenol, or the abbreviation
GTCp.

5. For the protocol section, please write complete sentences as if directing someone how to
perform your experiment.

Done
6. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that
identifies the essential steps of the protocol for the video, i.e., the steps that should be
visualized to tell the most cohesive story of the Protocol.

From step 1 to step 3.1.5 is what we would like to present in the video, and it is
highlighted in the revised manuscript. With the track changes, it is hard to tell if this is less than
3 pages, but if it isn’t, we can start from step 2.1 or 2.6.

7. Figure 2: Please remove Trizol as it is commercial.

This has been replaced with GTCp.

8. Table 1: Please upload table 1 as a .xls/.xlIsx file to your editorial manager account.

Done
9. Please obtain explicit copyright permission to reuse any figures from a previous publication.
Explicit permission can be expressed in the form of a letter from the editor or a link to the
editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your
Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e.
“This figure has been modified from [citation].”

All figures are original and have not been used in other publications.
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