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Mass Spectrometry-based Deep Coverage Proteome:
Evaluation of Cellular Protein Extraction Methods
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Abstract The current study comprehensively evaluates four different protein extraction methods based on urea,
sodium dodecyl sulfate (SDS) , anionic surfactants (BT) , and total RNA extractor (Trizol) , aiming to optimize the
sample preparation workflow for mass spectrometry-based proteomics. Using Hela cells as an example, we found that
the method employing the mass spectrometry-compatible surfactant BT reagent significantly reduces the total time
consumed for protein extraction and minimizes protein losses during the sample preparation process. Further
integrating the four protein extraction methods, we identified over 7000 proteins from Hel.a cells without relying on
pre-fractionation techniques, and 2990 of them were quantified using label-free quantification. It is worth noting that
the BT and SDS methods demonstrate higher efficiency in extracting membrane proteins, while the Urea and Trizol
methods are more effective in extracting proteins from nuclear and cytoplasmic fractions. In summary, this study
provides a novel solution for deep proteome coverage, particularly in the context of cellular protein extraction, by
integrating mass spectrometry-compatible surfactants with traditional extraction methods to effectively enhance

protein identification numbers.
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1 Introduction

Protein extraction plays a fundamental role as the initial and indispensable step in proteomics

[1—8]

analysis The efficacy of protein extraction has a direct impact on the subsequent results of mass

spectrometry (MS) identification and quantitative analysis, ensuring comprehensive coverage and accurate

712 Protein extraction typically requires the use of a suitable cell lysis buffer

representation of the proteome
to disrupt cells, facilitating the release of intracellular proteins. Currently, there are two primary strategies for
protein extraction from complex biological systems and their conversion into peptides suitable for MS-based
proteomic analysis' ",

One approach involves the use of chaotropic agents, i. e. , urea, which disrupt non-covalent interactions
within and between proteins, enhance protein solubility, and facilitate protein digestion, followed by MS

200 Urea is commonly used for protein extraction and downstream proteomic studies, but has limited

analysis
efficiency in extracting hydrophobic proteins. Another approach involves the use of anionic detergents for
improved extraction of hydrophobic proteins, i.e. sodium dodecyl sulfate (SDS) . However, even at low
concentrations,, SDS is incompatible with MS. In recent years, many methods have been developed to remove
SDS. One prominent example is the Filter-Aided Sample Preparation (FASP) method initially described by

Wisniewski et al. 1.

FASP utilizes a filter device to retain proteins while allowing for the removal of SDS,
followed by on-filter enzymatic digestion. Though FASP is a significant advancement for proteomic sample
preparation, it is not without limitations, notably sample loss due to retention in the filter and the potential for
filter membrane rupture during repeated high-speed centrifugation steps. Compared to the traditional FASP
method, the suspension trapping (S-Trap) significantly reduces sample processing time and is commonly used

[22]

in phosphorylated proteomics sample preparation The solid-phase-enhanced sample-preparation (SP3)
method, with its automation advantages, is competitive compared to traditional protein digestion methods .
An alternative approach to remove SDS is the Surfactant and Coagulant Assisted Sequential Extraction/On-
Particle Digestion (SCAD) method*'®. SCAD involves the sequential addition of cold acetone, which
precipitates proteins and facilitates the removal of SDS. This process allows for the preparation of samples
amenable to proteomic analysis, potentially with a higher yield and lower risk of losing material, which is
crucial when dealing with samples that contain low-abundance proteins.

To circumvent the limitations of both urea and SDS, some protocols employ a combination of chaotropic
agents and detergents, or alternative detergents that are more compatible with downstream MS analysis, such

[24—28]

as digitonin or Triton X-100 for the extraction of membrane proteins Additionally, various acid-

cleavable surfactants, including RapiGest SF, ProteaseMax, AALS II, etc., have been reported for the

2731 Moreover, the development of new extraction

preparation of different samples for shotgun proteomics
techniques and reagents is an area of ongoing research in the field of proteomics, aiming to improve the
recovery and analysis of hydrophobic and other difficult-to-extract proteins. Herein, we evaluated protein
extraction methods with four different types of extracting agents, e.g., BT-based (BT) , Trizol-based (TZ) ,
Urea-based and SDS-based (SDS) based on a label-free quantification proteomics workflow. Preliminary
experiments with Hel.a cell lines demonstrate that both SDS and BT methods exhibit a preference for
membrane protein extraction. BT as acid-cleavable surfactants, in particular, shows enhanced efficiency in
membrane protein enrichment compared to Urea and TZ methods, which more effectively enrich proteins from

intracellular components, such as the nucleus and cytoplasm. Integrating these methodologies enables a more

comprehensive analysis of protein composition and function, improving our understanding of cellular
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mechanisms, disease pathology, and aiding in the discovery of new therapeutic targets and strategies.

2 Experimental

2.1 Materials and Measurements

LC-MS grade acetonitrile (ACN) and formic acid (FA) were obtained commercially from Thermo-Fisher
Co., Ltd.(Pittsburgh, PA, USA). Purified water(conductivity of 18. 2 M{)*cm) was obtained from a Milli-Q®
Reference System (Millipore Co., Bedford, MA, USA). The BCA assay kit and peptide quantitation analysis
assay kit were purchased from Sangon Biotech Co., Ltd.(Shanghai, China). Total RNA extractor(Trizol) and
tris (hydroxymethyl) amino methane (purity 99.9%) were purchased from Thermo-Fisher Co., Lid.
(Pittsburgh, PA, USA). Sodium chloride (purity 99.5%) , urea (purity 99%) , ammonium bicarbonate
(purity 98%) and lodoacetamide (IAA) (purity 98%) , were commercially obtained from Sigma-Aldrich Co.,
Lid. (St. Louis, MO, USA). Dithiothreitol (DTT) (purity 99%) was provided commercially by Beyotine
Biotech Co., Ltd. (Shanghai, China). Trypsin, LysC and BT surfactants were purchased from Beijing
Shengxia Proteins Scientific Co., Ltd. (Beijing, China). SDS (purity 98%) was purchased from Shanghai
Macklin Biochemical Co., Ltd.(Shanghai, China). Unless otherwise, all solvents used in this study were of
HPLC grade supplied by Sigma-Aldrich Co., Ltd.(St. Louis, MO, USA). Dulbecco’ s modified Eagle’ s
medium (DMEM) and fetal bovine serum (FBS) were purchased from Gibco Co., Ltd.(Carlsbad, CA, USA).
HelLa cell line was from the American Type Culture Collection (Manassas, VA, USA). RapiGest SF was
purchased from the Waters Corporation(Milford, MA, USA).

LTQ Orbitrap Eclipse mass spectrometry (MS) coupled to a Dionex UltiMated 3000 ultra-performance
liquid chromatography (UPLC) system and cell incubator (Thermo-Fisher Scientific, Waltham, MA, USA),
Eppendorf concentrator plus (Eppendorf, Germany) , XM-650T ultrasonic homogenizer (Xiaomei Ultrasonic
Instrument Co., Ltd. , China), DYY-6C gel electrophoresis system (Beijing LIUYI Biotechnology Co., Ltd.
China), iCEN-24R high-speed centrifuge (Hangzhou Allsheng Instruments Co., Ltd. , China).

2.2 Protein Extraction and Digestion

2.2.1 For Urea Hela cells precipitation was lysed in lysis buffer containing 8 mol/L. urea, 50 mmol/L
tris-HCI, 5 mmol/L. CaCl,, 30 mmol/L. NaCl and protease inhibitor(1: 100, volume ratio), and add appropri-
ate amount of HCI to adjust ca. pH=8. 0. Each sample was prepared in triplicate. Then use a probe sonicator
(40% power) to extract proteins from cells. Perform BCA protein assay according to the manufacturer’ s
protocols. According to the measured protein concentration, take a certain volume of supernatant containing
about 100 g of protein for subsequent experiments. Prepare 100 mmol/L DTT in tris buffer (pH=8. 0). Add
DTT to each sample to a final concentration of 10 mmol/L, and incubate at 37 °C for 30 min. Subsequently,
prepare 200 mmol/L TAA in tris buffer and add IAA to each sample to a final concentration of 50 mmol/L,
incubate in the dark at room temperature for 30 min. Adding DTT again to a final concentration of 10 mmol/L
to react with excess IAA and incubate at room temperature for 5 min. Each sample was subjected to digestion
with LysC and trypsin (1: 100, mass ratio) and incubated at 37 ‘C overnight (urea<l mol/L.). The samples
were quenched with 10% (volume fraction) trifluoroacetic acid (TFA) to a final concentration of 0. 25% and
centrifuged at 14000g for 15 min. Desalting the supernatant using Sep-Pak C,,(Waters) according to the ma-
nufacturer’ s protocols and drying down the sample. Resuspend samples with an appropriate volume of 0. 1%
(volume fraction) FA-H,0, centrifuge at 14000g for 10 min. Next, determine the peptide concentration of the
supernatant using an assay kit and aliquot an appropriate number of samples for LC-MS/MS analysis.

2.2.2  For BT Surfactant ~ Appropriate number of cells were dissolved in buffer solution (3% volume fraction

BT, 50 mmol/L. NH,HCO, buffer, pH=8. 0) and sonicated for 10 min. A protease inhibitor was added to the
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lysis buffer in advance. The protein supernatant(ca. 100 pg) after centrifugation was reduced with 10 mmol/L
DTT (50 mmol/L. NH,HCO, buffer, pH=8. 0) and alkylated with 50 mmol/L TAA (50 mmol/L. NH,HCO, buffer,
pH=8. 0). Transfer the protein extract after alkylated to a 10 kDa ultrafiltration disc (UFD). The 10 kDa UFD
was pre-washed with digestion buffer (0. 1% volume fraction BT) before use. Mix 200 wL of digestion buffer

thoroughly with the samples, and centrifuge them for 10 min at 14000g at 20 ‘C. Add another 200 WL of
digestion buffer and centrifuge at 14000g for 10 min at 20 ‘C. Repeat one more time. Digest the protein
overnight on the membrane at a ratio of 1: 100 (mass ratio) using both trypsin and LysC. Add 50% (volume
fraction) FA-H,O to adjust the pH value of 2. 0 to quench the reaction and incubate the mixture at 45 °C for 30
min for BT degradation. And then centrifuge the filter units at 14000g for 20 min at 20 ‘C. Collect the
flow-through and add 100 L 10% (volume fraction) ACN and centrifuge the UFD units at 14000g for 10 min.
Repeat for 1xtime. Combine the flow-through and subject to peptide assay.
2.3 LC-MS/MS Analysis

Each sample was dissolved in 0. 1% (volume fraction) FA-H,0 before being loaded onto a 75 wm inner
diameter homemade microcapillary column that is packed with 15 ¢m of bridge ethylene hybrid C18 particles
(17 pmol/L, 13 nm, Waters). Samples were analyzed on LTQ Orbitrap Eclipse MS coupled to a Dionex
UltiMated 3000 UPLC system. A mobile phase composed of 0. 1% (volume fraction) aqueous FA (A) and
ACN containing 0. 1% (volume fraction) FA (B) was pumped into a homemade microcapillary column with a
gradient program as below: 0—25 min, 7%—15%B; 25—110 min, 15%—30%B; 110—140 min, 30%—
45%B, 140—141 min, 45%—95%B, 141—150 min, 95%B; and flow rate, 300 nL/min. The injection
volume was fixed at 2. 0 pL. The instrument was operated in data-dependent acquisition(DDA) mode. Survey
scans of peptide precursors were recorded in the orbitrap (OT) within the m/z 300—2000 range at a resolution
of 120 K, followed by MS/MS acquisition in the linear ion trap (IT). Standards were selected as the automatic
gain control (AGC) targets for MS' and MS®. Precursors were selected for fragmentation for continuous 3 s with
stepped normalized collision energies of 27, 30 and 33. The maximum injection time was set to be 50 and 110
ms for MS' and MS® scans, respectively. Precursors were subject to dynamic exclusion for 45 s with a § 10
tolerance. For all data acquisition including high-field asymmetric waveform ion mobility spectrometry
(FAIMS), the dispersion voltage (DV) was set at 5000 V, the compensation voltages (CVs) were set at =40,
-60, and —80 V. All samples were acquired in positive mode. Each sample was equilibrated before injection.
2.4 Data Analysis

Protein identification and quantification were performed using MaxQuant*?' (Version 1. 6.3.4). Raw
files were searched against the Uniport Homo sapiens reviewed database (June 2022) with trypsin/P and
LysC/P selected as enzymes. For MS' scans, a precursor ion mass tolerance of 10 was used, and two missed
cleavages were allowed. Fragment ion tolerance was set to 0. 02 Da for the Orbitrap MS® detections and 0. 5 Da
for the IT detections. The false discovery rate (FDR) was set to 1% for both protein and peptide identification
by the target decoy strategy. Carbamidomethylation of cysteine residues (+57. 02146 Da) was chosen as the
fixed modification, and variable modification included oxidation of methionine residues (+15. 99492 Da) and
acetylation at protein N-termini(+42. 01056 Da). The quantification method was set to MaxLLF(Q algorithm and
protein quantitative ratios were determined using a minimum of two quantified peptides. All other parameters
were set as default.

All statistical analyses were accomplished and filtered for reverse proteins, proteins only identified by
site and potential contaminants by Perseus (version 1. 6. 14.0). Owing to large inter-individual differences in
protein expression, proteins that were only detected<2 times in one group were filtered out after grouping. The

missing data points were imputed with the normal distribution method, with a width of 0. 3 and a downshift of
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1. 8. The resulting dataset was utilized for subsequent statistical analysis and computation. The filters dataset

was further analyzed and a two-sample Student’ s t-test with a two-tailed distribution and one-way ANOVA
were also performed. All p-values were further subjected to multiple testing corrections using the Benjamini-
Hochberg method. Data visualization analyses including hierarchical clustering, Gene Set Variation Analysis
(GSVA) , volcano plot, Pearson’s correlation analysis and chord diagram were achieved using R packages
and Hiplot Pro online software. For protein intensity profiling, Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway were enriched using DAVID'' bioinformatics resources with an FDR
cutoff of 5%.
2.5 Data Availability

The MS proteomics data have been deposited to the ProteomeXchange Consortium via the PRIDE partner
repository with the dataset identifier PXD050395.

3 Results and Discussions

3.1 BT-based Protein Extraction

The hydrophobic nature of membrane proteins and their limited water solubility often necessitate the use
of surfactants to enhance solubility and stability. Traditional surfactants such as SDS can induce conformational
changes in membrane proteins, adversely affecting the precision of quantitative proteomic analysis ',
BT, as an alternative surfactant, improves membrane protein solubility and stability while preserving their
native conformation, leading to heightened sensitivity and accuracy in MS detection. BT can be readily
degraded under acidic conditions, streamlining the protocol by removing the need for additional isolation
steps, thus conserving time and resources. This approach circumvents desalting steps, reducing the potential
loss of low-abundance proteins and isoforms. Moreover, the Trizol reagent effectively segregates proteins from
nucleic acids, minimizing interference from ribonucleic acid (RNA) and deoxyribonucleic acid (DNA) with
particular low-abundance and labile proteins, which enhances protein sequence coverage. Table 1 provides
detailed information on different protein extraction methods.

Table 1 Information for four protein extraction methods

Abb. Full name Structure Lysis buffer Clean-up method Time
Urea(U)  Urea-based Protein Extraction 0 50 mmol/L Tris buffer,  C,; SepPak desalting  ca. 10 h
/H\ 8 mol/L urea, 5 mmol/L
H:N  NH, CaCl,, 30 mmol/L NaCl
SDS(S)  Surfactant and Chaotropic 0 50 mmol/L Tris buffer,  80% Acetone ca.22h
Agent Assisted Sequential CH;(CH:)10CH;0 — %—ONa* 4% SDS precipitation+C g
Extraction/On-Pellet Digestion 0 SepPak desalting
Trizol(T) Trizol, Total RNA Extractor NH Trizol, chloroform Evaporation+C,g ca. 13 h
. HSCN SepPak desalting
H.N NH.
BT(B) BT Surfactant (CH2)s- SONH; 50 mmol/L. NH,HCO,,  pH=2.3—3.0,45°C, «ca. lh
0} 3% BT On-filter degradation,
O. .0 desalting-free

HiC(H20)16

Biological research often requires the identification and separation of charged compounds from
bio-samples. The anionic surfactant BT offers higher biocompatibility and reduced toxicity compared to SDS,
and its superior salting-out effect enhances the separation efficiency of charged biomolecules, thus improving
sample preparation. Fig.1 depicts the BT-based proteomics workflow, highlighting the on-filter degradation

pathway and the desalting-free sample preparation process. The general workflow of proteomics (urea, SDS,
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trizol) is illustrated in Fig.S1 (see the Supporting Information of this paper). The BT method simplifies the

removal process by requiring only heat-induced degradation, in contrast to the more complex SCAD protocol
for SDS removal. The long tail of the alkyl group of the BT agent can be removed upon heating under acidic
conditions, releasing the anionic glycerol part (Fig.1). Total clean-up process for BT removal can be as short
as 1 h, greatly saving sample preparation time compared to Urea- and SDS-based protein extractions
(Table 1). Additionally, BT s affinity for membrane proteins addresses the shortcomings of urea in extracting
membrane-associated proteins. The performance of this new method was appraised through an unbiased

comparison with various protein extraction techniques.

N
Lysis: 3% BT Protein supernatant .‘. ‘ DTT&IAA |
Ultra-sonication Centrifugation ‘,"'; _______ o Reduction&alkylation —j

vV N4
-
10k UFD %
Pepitide %:
assay ~7
™ SN
Data i Dlgest buffer:
/ { \ processing ’ﬂ ) MS/MS 10%ACN 50%FA-H.O 0.1%BT
Ui, = BT degradation Proteases
o (CHe)s ~SONH (CH.): SO:NH,
! 0 [
1 H2.0~3.0 f
| 90 B H:C(H:0)is * HO OH ;
' HC(HC)ug 45°C ‘

Fig. 1 BT-based proteomics workflow

Key steps involve: dissolving cell precipitates with 3% BT; transferring the extracted cellular proteins to
a 10 kDa filter for digestion with a buffer of 0. 1% BT; and degrading BT under acidic conditions (pH=2. 0—
3.0, 45 °C). The overall clean-up time for BT-based extraction workflow is ca. 1 h. More details can be found
in Experimental.
3.2 Protein Extraction Performance Evaluation

To assess protein extraction efficacy, three biological replicates were conducted using four methods
(Urea, BT, SDS, and Trizol) on human HeLa cell lines. Qualitative analyses of extracted proteins via
SDS-PAGE[ (Fig.2(A) | demonstrated similar extraction capabilities among the methods, as evidenced by the
distribution of protein bands with equal extract loading. BT's protein mass distribution was akin to that of
SDS, while Trizol’s distribution was like urea, aligning with their respective hydrophobicity preferences.
Peptide yields from the BT method were slightly higher [ca. 2% increase, Fig.2 (B) ] compared to other
methods, likely attributable to its desalting-free process, which enhances sample recovery and minimizes loss.

Proteomics data quality assessment (Fig.3 and Fig.S2, see the Supporting Information of this paper)
indicates that the BT method maintains protein identification performance despite bypassing a multi-step
desalting process. This is evidenced by the range of identified protein abundances spanning six orders of
magnitude [ Fig.2 (C) | and the distribution of sequence coverage [Fig.2(D) ]. A Venn diagram [ Fig.2 (E) ]
displays 4565 proteins identified by all four methods out of a total of 7005, indicating a 65% overlap in protein
IDs. Comparative analysis | Fig.2(F) | demonstrates the notable efficacy of BT and SDS in identifying unique
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Fig.2 Performance checking on different protein extraction methods, Urea(U), SDS(S), BT(B)
and Trizol(T)
(A) Representative SDS-PAGE characterization of extracted proteins; (B) peptide yield from the same amount
of starting materials; (C) protein abundance distribution; (D) protein sequence coverage; (E) Venn diagram
for protein I1Ds; (F) unique protein ID; (G) unique peptide ID and (H) BT- and Trizol-enhanced protein

identification. All data are from triplicate biological replicates with error bars showing standard deviation.

proteins, while the Trizol method yields the highest number of unique peptide identifications [ Fig.2 (G) ].
Consequently, integrating multiple extraction methods could yield a more comprehensive proteomic analysis.

To harness the benefits of multiple extraction methods, proteins and peptides from urea and BT were
grouped together, and those from SDS and TZ were combined into another group [Fig.2 (H) ]. Duplicate
entries were eliminated from all groups to ensure a unique dataset. This integration significantly augmented
the number of proteins and peptides detected. The combined Urea and BT group showed increases of 16% in
proteins and 28% in peptides, while the BT-only group saw increases of 10% in proteins and 58% in peptides.
The combined SDS and TZ group also exhibited substantial increments, with proteins increasing by 8% and
19%, and peptides by 47% and 31%, respectively, when compared to their single-method counterparts.
Additional combinations also yielded notable enhancements in protein identification (Fig.S4, see the
Supporting Information of this paper). Based on the performance of the four extraction reagents and the
observed increases in proteins and peptides, optimal combinations for extraction are recommended as
delineated in Fig.2(H).

We then conducted unique protein analysis for four protein extraction methods (Urea, SDS, BT and
Trizol). Mass distribution analysis shows BT extracts similarly sized proteins as SDS, while isoelectric point
analysis reveals no significant differences across the four extraction methods (Fig. S5 and Fig. S6, see the
Supporting Information of this paper). However, BT extracts a significantly higher proportion of hydrophobic
proteins (15. 6% ) compared to Urea(10%) and SDS(12. 5%) (Fig.S7, see the Supporting Information of this
paper). The hydrophobic protein proportion for TZ(11. 8% ) falls between urea and SDS.

Furthermore, we present a comparative analysis of the protein extraction methods and properties of BT
and RapiGest, two MS-compatible surfactants, using Hel.a cell lines. The degradation pathways (Fig.1 and
Fig.S8, see the Supporting Information of this paper) reveal that the NH] ions released upon BT degradation
are more advantageous for MS compared to the Na* ions released by RapiGest. The compatibility of ammonia
ions with MS allows BT concentrations to reach 3% (approximately 100 mmol/L. NH} ), while 100 mmol/L. Na*
from RapiGest would cause severe ion suppression. Consequently, BT concentrations can reach 3%, whereas

RapiGest is traditionally used at 0. 1%. This difference in the applicable concentration range contributes to
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the observed variations in protein extraction and identification.

BT demonstrates unique advantages over RapiGest in peptide yield and membrane protein extraction,
with increases of 4. 5% in proteins and 11.5% in peptides (Fig.S9, see the Supporting Information of this
paper). Analysis of the unique proteins identified 678 and 446 proteins for BT and RapiGest, respectively.
Gravy values and molecular weights of the unique proteins were calculated to analyze their physical properties.
BT shows a 2.39% increase in preference for hydrophobic proteins compared to RapiGest. The cellular
component comparison indicates that BT tends to enrich membrane proteins. Biological process analysis
revealed that unique proteins identified by BT are more readily enriched in processes such as cancer and
cellular energy metabolism. These findings provide valuable insights for further research on the roles of these
proteins in biological processes, including cancer. The development of the BT method offers new opportunities
for effective membrane protein extraction. Future research will focus on enhancing and refining the BT method
to expand its applicability and gain precise, comprehensive insights into membrane protein functions and their
associations with various diseases.

3.3 Quantitative Proteome Profiling

Following the comprehensive protein ID characterization, protein quantification analysis was conducted
to discern extraction bias from various strategies. Post data quality evaluation for reproducibility (Fig.S10 and
Fig.S11, see the Supporting Information of this paper) , hierarchical clustering was performed on all quantified
proteins to examine the profiles derived from different protein extraction methods [ Fig.3(A) ]. The heatmap
illustrates column-based clustering of biological replicates across extraction methods. Further analysis, based
on protein abundance from different extraction methods, generated four clusters. GSVA was employed to
identify changes in gene or gene set expression related to functionality, with analysis conducted on cellular
components, selected biological processes, and pathways for each cluster [Fig.3 (B) and Fig.S12, see the
Supporting Information of this paper]. The hierarchical clustering dendrogram showed no significant
intragroup differences, indicating well-defined clusters for each method.

Highly extracted proteins [ Fig.3(B) | obtained via BT and SDS methods (Clusters 1 and 4) were notably
enriched with various membrane proteins. Conversely, proteins enriched via Urea and TZ methods ( Clusters 2
and 3) were primarily localized in the cytoplasm or associated with nuclear components. A small number of
cellular membrane-associated components were identified in Clusters 2 and 3. Further analysis of biological
processes and KEGG pathways (Fig.S12, see the Supporting Information of this paper) confirms the preferences
for each extraction method.

Pairwise comparisons between groups were facilitated by Student’s t-test for all possible combinations,
visualized via a volcano plot[ Fig.3(C) ]. Proteins with P value<0. 05 and fold change (FC)>2 were defined as
significantly differentially extracted proteins (DEPs) , represented by colored dots on the plot. A comprehen-
sive analysis was conducted on both up-regulated and down-regulated proteins, with the top ten proteins with
the lowest P value highlighted. A significant disparity in the number of DEPs between the Urea and BT groups
compared to the Urea and TZ groups was observed, suggesting a more pronounced distinction between Urea
and BT groups and more prominent changes in protein extraction. We examined more closely two pairs of
samples: Urea versus BT, which reflects differences between the traditional and novel methods. Proteins
highly expressed in the Urea group were primarily associated with cellular fundamental processes such as
energy melabolism and protein degradation, while those highly expressed in the BT group were mainly
involved in chromatin and gene expression regulation, as well as cellular stress responses. These analytical
results hold significant value for understanding differences in protein extraction with different extraction

methods and their potential impact on interrogating cellular functions and metabolisms.
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Fig. 3 Protein profiles with different extraction methods
(A) Hierarchical clustering of 2990 quantified proteins and four clusters of these proteins are depicted on different intensity profiles ;
(B) the number of proteins and cellular components in each cluster was marked; (C) the volcano plot illustrates the pairwise
comparison of protein expression levels between different methods. Dots above the horizontal dashed line represent significantly
altered proteins (two-sided t-test, P value<0. 05, adjusted for multiple comparisons using the Benjamini-Hochberg method). Down-

regulated proteins, indicated by green color, while upregulated proteins are represented by red color(protein fold change>2).
Conclusions

In this study, we propose a novel protein extraction method based on the surfactant BT. By combining the
Urea, SCAD, BT, and TZ protein extraction methods, more than 7000 distinct protein groups were identified
in Hel.a cells. The BT method shows significant advantages in terms of peptide recovery rate and number of
protein identifications. The analysis of unique proteins demonstrates the distinctiveness among the four protein
extraction methods. Analysis of cellular components demonstrates that SDS and BT methods show a preference
for the extraction of membrane proteins, with the BT method demonstrating greater extraction efficiency.
Conversely, the Urea and TZ methods exhibit better enrichment for intracellular components, including the
nucleus and cytoplasm. Through the integration of novel and traditional protein extraction methods, our
research provides a more comprehensive analysis of low-abundance proteins compared to the use of traditional
methods alone. This underscores the importance of selecting protein extraction methods carefully and the
potential benefits that arise from combining multiple methods for conducting a more thorough analysis.

As essential components of the cell membrane, membrane proteins play critical roles in numerous
biological processes. Efficient extraction of these proteins contributes to a comprehensive understanding of
cellular biology and the mechanisms involved in disease development. Moreover, it provides a foundation for
the development of therapeutic strategies targeting membrane proteins. The development of the BT method has
introduced a novel opportunity for the effective extraction of membrane proteins. Future investigations will
focus on continuous enhancement and refinement of the BT method to expand its applicability and yield
precise and comprehensive insights into the study of membrane protein functionality and its association with

various diseases.
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