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Research progress on preparation methods of protein samples in bacteria

LI Yan-Xin', YANG Yong-Xin', YU Zhong-Na’, WANG Yi-Jian’, HAN Rong-Wei',
WANG Jun', FAN Rong-Bo', DU Qi-Jing"”
(1. College of Food Science and Engineering, Qingdao Agricultural University, Qingdao 266109, China;

2. Haidu College, Qingdao Agricultural University, Laiyang 265200, China; 3. Qingdao Holstein
Dairy Breeding Co., Ltd., Qingdao 266601, China)

ABSTRACT: The expression of bacterial protein is affected by the environment during growth and reproduction of
bacteria, which makes bacterial protein expression complex. In the process of food production and processing, it may
be contaminated by pathogenic bacteria. Endotoxin and exotoxin produced by bacteria pose a threat to human health.
Therefore, high sensitivity and high specificity detection methods are needed to quantitatively analyze and identify
bacterial toxins in food. The composition of bacteria protein and their biological functions can be revealed using
proteomics. And proteomics can also be revealed the changes of bacterial protein expression and pathogenic
mechanism during infection. The pretreatment of bacterial protein samples is one vita step of bacterial proteomics and
it is closely associated with the quality of the identified and quantified proteins. This paper described the preparation
methods of bacterial protein and extracellular protein samples, and clarified the influence of those methods on protein

identification and quantification. It will provide a reference for further research on bacterial proteomics.
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Table 1 Comparison of Bacterial Protein Extraction Methods
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Table 2 Comparison of bacterial extracellular protein preparation methods

B S W T R FeAE ik E DS
SR FH LiCl b3 Rl 0R 28 T 266 B 2 RN I SR B R T, PR 73X . B B
= S l\ = 4 = 74
RIAFMEN 0 8 1 AT b LiCl 4b 5 4% R IR 1% [48-49]
" AR TR B O TR A TR T ACHLEE (1, ST B 0 BRIR SR 2 U it 2K e
B R B 2 ERE A= RINTS [43,52-53]
BUEEFEM B 2 . SRR AR 2 . RO 4500 ANTE WG A
_ E:A;’;‘% ~/‘/j|:‘ = £EL UPS JE'—/I\; _ [l Y L YAV
SEN gy - DA S B R | BRAS B PR B AR /L TCA-TN BRI B B I 2K 1 TCAFE [55-56,58]

W R PATE A SRALIE A RRBO RS, IRIR
AR BUACR BT R R 2%




46

Ui Z#E, % AR PR UTOREab il A et

1907

3 HR5RE

TR A 2 P O e S A 0 O B P R R,
NN =R BRI T VE B 5T, K ARAR A A T R
(SRS 2 T Y b A A L = e B SR 1
R PIERRERRGE . AR L A | HEERALEE . A
REl) . AR . YRR LS A SR IR . ST E Y
PRI R 45 G A TR R 19 7 3K 43 B B TR 5 AR L Bl )
Ak SRR AR AT, KRR 2R 140 s SR HUE
i LiCl Ab 38 )5 FRARHE A4 Jr SN S g, i LA 3y = 7 B
D5 AN AR IO 1 o A0 TR B PR TR R Sk A B e
R O SRR AR AR B 1, R R X O A LB &
Z, T LA S O TR AR R (B U AR R iR
Tl AR o i 0 A B AR I RDBOS I = R R
PSRV R 1, My AR B | Ab R R . B
PRI 5 B P b 2K ORI B

AL T U A P R A B Tk B L
SE LGRS, HR IR (T kA Z, AR
ST BRI . i AL R (I 45 ik, AT A 4
TR AR 2 B AR L TR S

SE

[1] CARVALHO VPD, GRASSI ML, PALMA CDS, et al. The contribution
and perspectives of proteomics to uncover ovarian cancer tumor markers
[J]. Transl Res, 2019, 206: 71-90.

[2] ZHONG W, EDFORS F, GUMMESSON A, et al. Next generation plasma
proteome profiling to monitor health and disease [J]. Nat Commun, 2021,
12(1): 1-12.

[3] SHI X, WANG X, CHENG F, et al. iTRAQ-based quantitative proteomics
analysis of cold stress-induced mechanisms in grafted watermelon
seedlings [J]. J Proteomics, 2019, 192: 311-320.

[4] JAZ, BOCH, TEMA, 45, START K Rv0164 & A 7EHEIR M
P RRIE RN T ARE D] BUEYEEIR, 2020, 60(3): 464-475.
ZHOU Y, WEI WIJ, JIANG BY, et al. Expression of START family
Rv0164 protein in Mycobacterium smegmatis and its angling interaction
protein [J]. Acta Microbiol Sin, 2020, 60(3): 464-475.

[5] COELHO C, BROWN L, MARYAM M, et al. Listeria monocytogenes
virulence factors, including listeriolysin O, are secreted in biologically
active extracellular vesicles [J]. J Biol Chem, 2019, 294(4): 1202-1217.

[6] SWARGE B, ABHYANKAR W, JONKER M, et al. Integrative analysis
of proteome and transcriptome dynamics during Bacillus subtilis spore
revival [J]. Msphere, 2020, 5(4): €00463-20.

[71 YANG Q, DUAN S, CHENG L, et al. Proteomic characterization of
Bacillus subtilis on bio-degumming of ramie bast [J]. J Nat Fibers, 2021:
1-18.

[8] SULAIMAN JE, LAM H. Proteomic investigation of tolerant Escherichia
coli populations from cyclic antibiotic treatment [J]. J Proteome Res, 2020,
19(2): 900-913.

[9] MORI M, ZHANG Z, BANAEI-ESFAHANI A, et al. From coarse to fine:

The absolute Escherichia coli proteome under diverse growth conditions

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[20]

[21]

[22]

(23]

[J]. Mol Syst Biol, 2021, 17(5): €9536.

UDDIN R, KHALIL W. A comparative proteomic approach using
metabolic pathways for the identification of potential drug targets against
Helicobacter pylori [J]. Genes Genom, 2020, 42(5): 519-541.

LU Y, PANG J, WANG G, et al. Quantitative proteomics approach to
investigate the antibacterial response of Helicobacter pylori to daphnetin,
a traditional Chinese medicine monomer [J]. RSC Adv, 2021, 11(4):
2185-2193.

PISANU S, CACCIOTTO C, PAGNOZZI D, et al. Impact of
Staphylococcus aureus infection on the late lactation goat milk proteome:
New perspectives for monitoring and understanding mastitis in dairy goats
[J]. J Proteom, 2020, 221: 103763.

MUHAMMAD TUQ, AHMAD S, FATIMA I, et al. Designing
multi-epitope vaccine against Staphylococcus aureus by employing
subtractive proteomics, reverse vaccinology and immuno-informatics
approaches [J]. Comput Biol Med, 2021, 132: 104389.

BEZRUKOV F, PRADOS J, RENZONI A, et al. MazF toxin causes
alterations in Staphylococcus aureus transcriptome, translatome and
proteome that underlie bacterial dormancy [J]. Nucl Acid Res, 2021, 49(4):
2085-2101.

MOLLER J, NOSRATABADI F, MUSELLA L, et al. Corynebacterium
diphtheriae proteome adaptation to cell culture medium and serum [J].
Proteomes, 2021, 9(1): 14.

QIN X, HE S, ZHOU X, et al. Quantitative proteomics reveals the crucial
role of YbgC for Salmonella enterica serovar enteritidis survival in egg
white [J]. Int J Food Microbiol, 2019, 289: 115-126.

CHEN SH, PARKER CH, CROLEY TR, et al. Genus, species, and
subspecies classification of Salmonella isolates by proteomics [J]. Appl
Sci, 2021, 11(9): 4264.

BRZOSTEK A, PLOCINSKI P, MINIAS A, et al. Dissecting the
RecA-(In) dependent response to mitomycin C in Mycobacterium
tuberculosis using transcriptional profiling and proteomics analyses [J].
Cells, 2021, 10(5): 1168.

GAUTAM S, SHARMA D, GOEL A, et al. Insights into Mycobacterium
leprae proteomics and biomarkers—An overview [J]. Proteomes, 2021,
9(1): 7.

BB, WEF, FKAE, S BATE AN BB s A Y A
PR )L TR A 80 /N B P 2 1 25 AT R 8 10 R 7 1 e i
[7]. Bt 5 &EE Tk, 2020, 46(14): 12-18.

JIN X, HE YF, ZHOU YH, et al. Lactobacillus plantarum with high cell
adhesion and high biofilm formation ability effectively inhibits the
transcriptional activity of Campylobacter jejuni virulence factors in mice
[J]. Food Ferment Ind, 2020, 46(14): 12-18.
RAGHUNATHAN S, JAGANADE T, PRIYAKUMAR UD.
Urea-aromatic interactions in biology [J]. Biophys Rev, 2020, 12(1):
65-84.

ROk, T, BREA, &5 KREHRTHE A B 5 58
FEIN. YA, 2020, 36(12): 247.

MOU YY, WANG DP, CHEN M, et al. Sample preparation and data
analysis method of soybean seed proteome [J]. Bio Bull, 2020, 36(12):
247.

JAREE, W, B, A ERAAMFT SDS XB AR MR AR 4R
RO S FEHLBR]. ) 7RIV K24, 2020, 40(4): 82-89.



1908

B dn 2 4 R R I A 4R

13 E

[24]

[25]

[26]

[27]

[29]

[31]

[33]

[34]

ZHOU CX, FENG R, LI T, et al. Inhibition of SDS on tilapia myosin
thermal accumulation and its mechanism under low salt conditions [J]. J
Guangdong Ocean Univ, 2020, 40(4): 82-89.

SUSILA H, NASIM Z, JIN S, et al. Profiling protein-DNA interactions

by chromatin immunoprecipitation in arabidopsis [J]. Prot Prof, 2021. DOI:

10.1007/978-1-0716-1186-9_21

FAKPE, L, BORAR, S5 =R IR TE R v AR FLAT T
KRR AR I]. B TR, 2019, 40(7): 144-149.
WANG QP, ZANG KL, ZHAO LS, et al. Effects of three plant-derived
proliferative substrates on fermentation and protein expression of
Lactobacillus acidophilus [J]. Sci Technol Food Ind, 2019, 40(7):
144-149.

THER, FUHHE, XA, S R R R SRR
DR SEE A 5 0 AR, 2015, (1): 195-202.

YU HT, A XX, LIU ZD, et al. Extraction of intracellular proteins from
bacterial blight and construction of electrophoretic separation method [J].
Genom Appl Biol, 2015, (1): 195-202.

sk, UL, SEREER, SF. S ROE S TR & Ok BRI
[3]. TTIRAL R, 2018, 46(4): 90-93.

NIE L, YOU SY, FAN CJ, et al. Study on the preparation method and
inducing components of high-efficiency elicitor [J]. Jiangsu Agric Sci,
2018, 46(4): 90-93.

IR 4. T BR A T RS 2 R AR 1 LIRS S R
HHED]. BEART iRl KA, 2015.

WANG GQ. Crude extraction of bacterial protein of Streptococcus equi
subsp. equine Xinjiang isolate and preliminary evaluation of its immune
effect [D]. Urumgqi: Xinjiang Agricultural University, 2015.

WP AE, AR, IS, AF R R B AR O SRR R R
XU PRI IS [T]. R A, 2017, 53(6): 46-49.

XIE YZ, LI J, FENG SW, et al. Extraction of Haemophilus parasuis
bacterial protein and establishment of two-dimensional gel electrophoresis
method [J]. Chin J Vet Med, 2017, 53(6): 46-49.

PRANZE, B4R, B, . N300 R 25 g K I A ST
WVEFIRIZE ). AR, 2021, 37(2): 103.

CHEN JH, MIAO YJ, LIANG C, et al. Study on the antibacterial
mechanism of alpinetin against fish-derived drug-resistant Aeromonas
hydrophila in vitro [J]. Bio Bull, 2021, 37(2): 103.

KIELKOPF CL, BAUER W, URBATSCH IL. Preparation of cell extracts
for purification of soluble proteins expressed in E. coli [J]. Cold Spring
Harb Protoc, 2021, 2021(2): 102178.

JERR, AT, FURFD, AF AFEANMAE KA T 20 BeRERTIRIY
& RAEE ] BRI, 2021, 37(10): 179.

TANG L, DONG LP, YIN ML, et al. Preparation and identification of
monoclonal antibodies against fibroblast growth factor 20 [J]. Bio Bull,
2021, 37(10): 179.

JAR, BhidEve, Rhadr, 4. A BRI I v 9 B
HRZI[T]. AR, 2017, 38(1): 99-104.

ZHOU M, LU WK, LU JJ, et al. Effects of ultra-high pressure treatment
on intracellular proteins of Vibrio parahaemolyticus [J]. Food Sci, 2017,
38(1): 99-104.

HABERL-MEGLIC S, LEVICNIK E, LUENGO E, et al. The effect of
temperature and bacterial growth phase on protein extraction by means of

electroporation [J]. Bioelectrochemistry, 2016, 112: 77-82.

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[48]

EWeRL, EHE, AR, S MIUBRE T Bacillus sp. DL-2 AR
FIR > CRRAA BRI I]. TR, 2021, 40(2): 39-48.
WANG XM, DONG L, ZHANG JF, et al. The effects of different cell
breaking methods on the asymmetrical hydrolysis of phenylethyl acetate
using intracellular proteases of Bacillus sp. DL-2 [J]. J Trop Oceanogr,
2021, 40(2): 39-48.

MEDINA LMP, BECKER AK, MICHALIK S, et al. Metabolic cross-talk
between human bronchial epithelial cells and internalized Staphylococcus
aureus as a driver for infection [J]. Mol Cell Proteom, 2019, 18(5):
892-908.

TANCA A, PALOMBA A, PISANU S, et al. A straightforward and
efficient analytical pipeline for metaproteome characterization [J].
Microbiome, 2014, 2(1): 1-16.

AOUR, FET, EME. 5E TR KT AR 7 AR 4R
T E[]. AP, 2019, 45(3): 138-144.

LI ZB, WANG JJ, WANG P. Screening of Alternaria spore protein
extraction methods suitable for two-dimensional electrophoresis analysis
[J]. Plant Prot, 2019, 45(3): 138-144.

EPANFS, PRIE, B3, S5 —FP LA A& T 00 R UK B KRS SO
WA A HREUTET]. Al K241, 2017, (5): 15-19.

SHU CW, CHEN JY, ZHAO M, et al. An optimized two-dimensional
electrophoresis method for protein extraction of Rhizoctonia solani [J]. J
Agric Univ China, 2017, (5): 15-19.

ZHANG X, NING Z, MAYNE J, et al. MetaPro-IQ: A universal
metaproteomic approach to studying human and mouse gut microbiota [J].
Microbiome, 2016, 4(1): 1-12.

DU H, ZHOU L, LU Z, et al. Transcriptomic and proteomic profiling
response of methicillin-resistant Staphylococcus aureus (MRSA) to a
novel bacteriocin, plantaricin GZ1-27 and its inhibition of biofilm
formation [J]. Appl Microbiol Biotechnol, 2020, 104(18): 7957-7970.
BLANKENBURG S, HENTSCHKER C, NAGEL A, et al. Improving
proteome coverage for small sample amounts: An advanced method for
proteomics approaches with low bacterial cell numbers [J]. Proteomics,
2019, 19(23): 190-192.

LIPPOLIS JD, BAYLES DO, REINHARDT TA. Proteomic changes in
Escherichia coli when grown in fresh milk versus laboratory media [J]. J
Proteom Res, 2009, 8(1): 149-158.

e, MzlE, BER. EYiH Mn-SOD $2H, % R IEH I vk
[7]. i Tl RHE, 2020, 41(15): 150-157.

YANG JL, TIAN YH, MA AIM. Extraction, identification and gene
cloning of Mn-SOD from Pleurotus ostreatus [J]. Sci Technol Food Ind,
2020, 41(15): 150-157.

SATALA D, KARKOWSKA-KULETA J, ZELAZNA A, et al.
Moonlighting proteins at the candidal cell surface [J]. Microorganisms,
2020, 8(7): 1046.

GORASIA DG, VEITH PD, REYNOLDS EC. The type IX secretion
system: Advances in function
Microorganisms, 2020, 8(8): 1173.
FERESHTEH S, ABDOLI S, SHAHCHERAGHI F, et al. New putative

structure, and organisation [J].

vaccine candidates against Acinetobacter baumannii using the reverse
vaccinology method [J]. Microb Pathog, 2020, 143: 104114.

WA FLRRAT R T 1Y GAPDH KBRS CR A 5 il e i 53 (D).
B : WITABRKE, 2019,



46

Ui Z#E, % AR PR UTOREab il A et

1909

[49]

[50]

[51]

[52]

[53]

[54]

[55]

DAI T. Study on intestinal colonization mediated by the adhesion of
Lactobacillus surface protein GAPDH to mucin [D]. Hangzhou: Zhejiang
Agriculture and Forestry University, 2019.

MG, BRE, E88, 55, OB BRGSO R R RS
], S REEARE, 2019, 37(1): 54-61.

SUN YF, CHEN R, WANG L, et al. Surface protein properties and
antibacterial effects of Pediococcus pentosaceus [J]. J Food Sci Technol,
2019, 37(1): 54-61.

TR, SERR, WA, B M VIR SR ORI T B R
JE[T]. SRR EE 224, 2020, 24(9): 127-132

XU CJ, WU Y, JIANG JX, et al. Research progress of Helicobacter pylori
outer membrane protein and its virulence [J]. J Clin Med Pract, 2020,
24(9): 127-132.

BOUSSAMBE GNM, GUILLET P, MAHLER F, et al. Fluorinated
diglucose detergents for membrane-protein extraction [J]. Methods, 2018,
147: 84-94.

BRI, BTV, RO, SF 509 C4 45 IR AL AEMTGE AR
JEAE AT e B S B D], F MO BE AR, 2020, 51(11): 2825-2835

LI DL, GU JL, XU XS, et al. Screening and identification of R.
anatipestifer outer membrane protein that interacts with duck C4 binding
protein [J]. Acta Vet et Zootech Sin, 2020, 51(11): 2825-2835.

LAI EM, NAIR U, PHADKE ND, et al. Proteomic screening and
identification of differentially ~distributed membrane proteins in
Escherichia coli [J]. Mol Microbiol, 2004, 52(4): 1029-1044.

KOIKE H, KANDA M, HAYASHI H, et al. Quantification of
Staphylococcal enterotoxin type A in cow milk by using a stable
isotope-labelled peptide via
spectrometry [J]. Food Addit Contam A, 2019, 36(7): 1098-1108.

RN, B, AR Bk, A5 KRN A B0 T b A W R PR AR
IKTERBEFET]. R 24 5 AR P2, 2018, 37(8): 3394-3400.

ZHU PC, LI KJ, DONG YR, et al. Study on the expression profile of the

liquid chromatography—tandem mass

secreted proteome of Xanthomonas oryzae pv. Oryzae [J]. Genomics Appl

[56]

[57]

[58]

[59]

=Tk

Biol, 2018, 37(8): 3394-3400.

WA, SR, BRATTSE, &5 MFLE 49 EOARmURE LA
[7]. Fiiaadi, 2019, 40(4): 325-334.

XU JX, GUO SY, QIAN YN, et al. Optimization of Lactobacillus brevis
49 protein extraction and enzymatic hydrolysis conditions [J]. J Chin Mass
Spectrom Soc, 2019, 40(4): 325-334.

B AR SCBURTE 55 1 bR 43I AR 0 4 A 2B 4 E oY (D). it
DL ARl k22, 2018.

HU GY. Isolation and preliminary identification of secreted proteins of
Mycoplasma bovis strong and weak strains [D]. Wuhan: Huazhong
Agricultural University, 2018.

POCSFALVI G, CACACE G, CUCCURULLO M, et al. Proteomic
analysis of exoproteins expressed by enterotoxigenic Staphylococcus
aureus strains [J]. Proteomics, 2008, 8(12): 2462-2476.

ALSAHAG M. Isolation, purification and identification of CFP29 from
Mycobacterium tuberculosis H37Rv culture filtrate proteins [J]. Egypt
Acad J Biol Sci, 2021, 13(2): 189-198.

(TAEG 4 FHG SHoei)

FEE, MLtMRE, TERARFE
AMEMERESF.
E-mail: lyanxin98@163.com

WER, BL, #HIH, TEMRFEA
ARERSRZ,
E-mail: qijingdu@163.com



