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Abstract: This study centered on an improved filter-aided sample preparation (FASP) method for
proteomic sample preparation. The main strategy focused on changing the chemical and physical
properties of regenerated cellulose (RC) membranes in ultrafiltration tubes to reduce the loss of
protein sample due to non-specific absorption on the membranes. Firstly, the RC membrane was
immersed in isopropanol for the activation, followed by immersion in a 6% NaOH solution for the
alkalization. Then, the amphiphilic small molecule glycine was grafted onto the surface of the
activated RC membrane to enhance its hydrophilicity. The regenerated ultrafiltration membrane was
characterized from multiple perspectives. The electron microscopy showed that the membrane
structure and pore size remained unchanged after modification, the Raman spectroscopy coupled with
X-ray photoelectron spectroscopy (XPS) demonstrated that glycine was successfully grafted onto the
surface of the regenerated cellulose membrane, the hydrophilicity test indicated a decrease in the
contact angle of the modified membrane, suggesting enhanced hydrophilicity. The protein adsorption
test showed a reduction in bovine serum albumin (BSA) protein adsorption on the modified

membrane, thus minimizing protein sample loss. When using this improved FASP method with Q

ASGEFIEH RS


https://doi.org/
https://cstr.cn/32365.14.zpxb.2024.0186

494 B o i

Exactive™ Plus for LC-MS/MS analysis of HeLa cells, compared with the traditional FASP method
and the in-solution digestion method, it was found that the improved FASP method, which is
applicable to three types of lysis buffers (NP40, SDS, and Triton X-100), can increase the number of
identified proteins by approximately 7%-9% and the number of identified peptides by approximately
30%-40%. Besides, the improved FASP method also has advantages in terms of peptide abundance
distribution. For instance, it can detect more peptides with an abundance greater than 10* compared
with the traditional FASP method and more peptides with an abundance greater than 10° compared
with the in-solution digestion method, along with better reproducibility. Moreover, the improved
FASP method shows no bias for identifying proteins with different molecular weights and isoelectric
points, and its optimal protein loading is determined to be 20 pg. The developed method can reduce
protein loss during sample preparation, especially for the precious trace samples. This is helpful for
screening disease biomarkers, exploring drug efficacy mechanisms, identifying effective targets, and
promoting the diagnosis, monitoring, and treatment of diseases. However, as the study did not clearly
specify the limitations of this method, further exploration can be conducted to assess whether this
method can be applied to different types of cells or more complex disease research.
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RC membranes
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in different lysis buffers
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F, 43 978 e A AL B 5. 10, 20, 40 F1 60 pg
HeLa 2 i 25 (1, S B DR 45 SR A AT 58 1 AR 1
AR R T IREL LR . A ERE
AL B A e 26 E RS AE 0.3~2.5 pg Z [), LAfR
UEA M s o BT A A e KA i . AR E
Ab 3 2 RR B S e A5 R R TR 12, AT,
PR JE ) RC BE A 3R A S A AR 2803 20 pg
(0.5 mL, 3 ku #& # 7> ¥ Jit 5 (MWCO)), % &b 2
R DAY I SR 0 TS 43T o

%103 x10*
[JProteins
[ZAPeptides | 3
6F 27288 27064 27079 "
E 22996, -~ " 8
Q .~ =
g N =
Eogl 4 3848/ 3883/ 3ssel 12 &
=] h ]
2 2
g E
Z 2t 112
0 t 0
5 10 20 40 60
HARE AL/ ug

12 AEEELEEERMRREESR
Fig. 12 Number of proteins and peptides identified

in different amounts of protein preparation

3 &g

A FT I T 25 7K 0P R 0 R T — Ak
ik FASP HIBE 7, i i FASP 25 11 AT A0 20
Jr ks G G = 4y BEBURE, DL HeLa 40 i S BF

8% 4 34T LC-MS/MS I, - Fb 3¢ FASP 7% |
WCHE FASP V5 | 75 W PN Tt e 12 68 o 2 11 Jo0 A K B
BEm 225, a5 R, 3 A A 4 0o ek
FASP J5 753535 F, >R F el FASP 7 i %5 1)
T R IR B L FASPOY vk 0 88 1 &4
7%~9%. 30%~40%, 57 1 N gAY . [\
i, Bk FASP v K6 21 = B K F 10* (9 ik BE 4
i [k FASP ik 2, i H LG A A 3k Ak DU
FNE ZFERERF 100 RKEE, IR EH . 1t
b, BitE FASP J5 ik % 7 2 1 8 11 43 ot it FN 4%
FL S A A eI [ 1, Bl M. e, i T
o 1 FASP )5 ¥ 1 fe (R 2 (AR 20048 20 pg, I
LR B LRE (5 ng) o ml il 2 9 R A R
i HTAL 3

SEIL R, i AP T AR AR
AR MERAKPESG , AT LA RS AR BT A R fi ) 2
PR, 38 2R (RN IR B i S e B . i 4R Tt
T EE R BRI ROR, JUHXT T2 B it
s, FERE A A D SR D T R B R, A BT
ST 2R HRKE . e TR O A
RAE YR W T, 245 25 ROHL I B 5T, 80
RS E DL BRI W L W RN T A A L
.

B % 3Lk
[1] WILKINS M R, PASQUALI C, APPEL R D, OU K,
GOLAZ O, SANCHEZ J C, YAN J X, GOOLEY A A,



502

B e 4R Hae

[2]

[3]

[4]

[3]

[6]

HUGHES G, HUMPHERY-SMITH I, WILLIAMS K L,
HOCHSTRASSER D F. From proteins to proteomes:
large scale protein identification by two-dimensional
electrophoresis and arnino acid analysis[J]. Nature
Biotechnology, 1996, 14(1): 61-65.

van der SPEK S J F, KOOPMANS F, PALIUKHOVICH
I, RAMSDEN S L, HARVEY K, HARVEY R J, SMIT A

B, LI K W. Glycine receptor complex analysis using

immunoprecipitation-blue native gel electrophoresis-
mass spectrometry[J]. Proteomics, 2020, 20(3/4):
1 900 403.

LI K W, CHEN N, KLEMMER P, KOOPMANS F,
KARUPOTHULA R, SMIT A B. Identifying true pro-
tein complex constituents in interaction proteomics: the
example of the DMXL2 protein complex[J]. Proteomics,
2012, 12(15/16): 2 428-2 432.

WU C C, MacCOSS M J, HOWELL K E, YATESJR. A
method for the comprehensive proteomic analysis of
membrane proteins[J]. Nature Biotechnology, 2003,
21(5): 532-538.

BLONDER J, XIAO Z, VEENSTRA T D. Proteomic
profiling of differentiating osteoblasts[J]. Expert Review
of Proteomics, 2006, 3(5): 483-496.

NAGARAJ N, LU A, MANN M, WISNIEWSKI J R.
Detergent-based but gel-free method allows identifica-
tion of several hundred membrane proteins in single LC-
MS runs[J]. Journal of Proteome Research, 2008, 7(11):
5028-5032.

(7]

(8]

(9]

[10]

[11]

WISNIEWSKI J R, ZOUGMAN A, MANN M. Combi-
nation of FASP and StageTip-based fractionation allows
in-depth analysis of the hippocampal membrane pro-
teome[J]. Journal of Proteome Research, 2009, 8(12):
5 674-5 678.
e, Bl IR0, BEMNE . S 1O DR A R A R
F) ¢ T MEAF 8 BRAR (0], BB 22 S5 HR, 2001, 21(4):
46-51.
BIAN Xiaokai, LU Xiaofeng, SHI Liuging. The progress
status of protein ultrafiltration and surface modification
of ultrafiltration membranes[J]. Membrane Science and
Technology, 2001, 21(4): 46-51(in Chinese).
YOU J, ZHAO C, CAO J, ZHOU J, ZHANG L. Fabrica-
tion of high-density silver nanoparticles on the surface
ofalginate microspheres for application in catalytic reac-
tion[J]. Journal of Materials Chemistry A, 2014, 2(22):
8491-8 499.
SHCHUKAREV A V, KOROLKOV D V. XPS study of
group IA carbonates[J]. Central European Journal of
Chemistry, 2004, 2(2): 347-362.
NOHIRA H, TSAI W, BESLING W, YOUNG E,
PETRY J, CONARD T, VANDERVORST W, de
GENDT S, HEYNS M, MAES J, TUOMINEN M. Char-
acterization of ALCVD-ALO; and ZrO, layer using X-
ray photoelectron spectroscopy[J]. Journal of Non-Crys-
talline Solids, 2002, 303(1): 83-87.

(Wick H 38: 2024-11-01; f& [ H 19): 2025-05-01)


https://doi.org/10.1038/nbt0196-61
https://doi.org/10.1038/nbt0196-61
https://doi.org/10.1038/nbt819
https://doi.org/10.1586/14789450.3.5.483
https://doi.org/10.1586/14789450.3.5.483
https://doi.org/10.1021/pr800412j
https://doi.org/10.3969/j.issn.1007-8924.2001.04.011
https://doi.org/10.3969/j.issn.1007-8924.2001.04.011
https://doi.org/10.3969/j.issn.1007-8924.2001.04.011
https://doi.org/10.1016/S0022-3093(02)00970-5
https://doi.org/10.1016/S0022-3093(02)00970-5
https://doi.org/10.1016/S0022-3093(02)00970-5
https://doi.org/10.1016/S0022-3093(02)00970-5

	1 实验部分
	1.1 主要仪器与装置
	1.2 主要材料与试剂
	1.3 超滤膜表面修饰改性
	1.4 超滤膜表征
	1.4.1 激光共聚焦拉曼光谱
	1.4.2 傅里叶红外光谱
	1.4.3 X射线光电子能谱（X-ray photoelectron spectroscopy, XPS）
	1.4.4 场发射扫描电子显微镜
	1.4.5 接触角
	1.4.6 蛋白吸附率计算

	1.5 FASP样品制备
	1.6 溶液酶切
	1.7 LC-MS条件
	1.7.1 色谱条件
	1.7.2 质谱条件

	1.8 数据检索与分析

	2 结果与讨论
	2.1 超滤膜的表征结果
	2.1.1 拉曼光谱和膜表面微观形貌
	2.1.2 表面元素分析
	2.1.3 亲水性能测试
	2.1.4 蛋白吸附效果测试

	2.2 质谱分析结果
	2.2.1 优化FASP方法与其他方法的比较
	2.2.2 改进FASP方法最大柱载量


	3 结论
	参考文献

