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Enrichment and omics analysis of differential glycoproteins in
Salmonella enterica serovar Typhimurium under high salinity
environment

CHEN Xiang-Yun DU Xu-Dong ZHENG Xiao-Yu ZHOU Da-Wei'

TEDA Institute of Biological Sciences and Biotechnology, Nankai University, Tianjin 300450, China

Abstract: [Background] Salmonella is a kind of Gram-negative intestinal pathogen that relies primarily
on type III secretion systems (T3SSs) to produce pathogenicity-associated effector proteins. The
Salmonella pathogenicity island (SPI) is a key genetic region. The conditions of high-salt can induce the
expression of effector proteins on SPI-1. [Objective] In order to explore the differential expression of
glycoprotein of Salmonella enterica serovar Typhimurium under high-salt concentration, and to find
meaningful effector glycoprotein. [Methods] Salmonella enterica serovar Typhimurium was cultured in
common medium and high-salt medium, and then the cells were collected. The glycoproteins were
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enriched by hydrazine coupling method after ultrasonication and protein extraction. After the enzymatic
hydrolysis, the glycoproteins were quantified by dimethyl-labeled quantitative method, and the labeled
proteins were qualitatively and quantitatively analyzed by liquid chromatography-mass spectrometry.
[Results] Mass spectrometry results showed that the expression of 19 glycoproteins in Salmonella
significantly changed in the high salt environment. Among these, 10 glycoproteins were up-regulated, the
most notably one was the outer membrane porin encoded by ompC. Nine glycoproteins were
down-regulated, the most notably one was translation initiation inhibitor encoded by yjgF. [Conclusion]
The expression levels of many important glycoproteins in Sa/monella have significant changes at high-salt
environments. This study has important significance in investigating the expression of effector
glycoprotein produced by Sa/monella SPI-1 and searching the pathogenic mechanism of Salmonella.

Keywords: Salmonella enterica serovar Typhimurium, SPI-1, LC/MS, Differential glycoproteomics
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1 eSS %
1.1 #Rl

SIS AP A G FE VDT TR (Salmonella
enterica serovar Typhimurium) ATCC 14028, {347 T
IR WNEE S UNA Yk s 3 N0 o A

LB 15 9: 5 (g/L) : B 10.0, BEEHEEU 5.0,
NaCl 10.0. #1753 H SRR LB B 37 AL rh &M
A 0.3 mol/L NaCl BiA]

A S (hydrazinyl resin) . ZHG(CAN, {43
). WRR(FA. (i%9). CI8-SEP /M. FiigkH
Eb 7 IR B Fi R G A C18 BN WA 43 A
(Acclaim PepMap™ RSLC) ,
Scientific 23] ; ML Z i (iodoacetamide, TAA)
110 K 38, Waters A H]; Bradford & VK
g A &, Bio-Rad AF,

AR R Y . Q Exactive ™ £4H 4 7 U B T
Orbitrap™ JFi % (¥ F1 EASY-nLC 1200 & A1,
Thermo Fisher Scientific /A H]; FH.A5 B DR AL,
Eppendorf /A Al ; Z2J1EEREHRIY , Molecular Devices
NI
1.2 AREEFREEHRR

53 200 mL =3RS G R 5L S LB 1
FRHSEFRM A 2 ODeoo 2974 0.9,5 000xg Z5.0> 5 min
WeAR A, JFH] PBS %% 2 K. A 5 mL 072
f# (8 mol/L JRZE, 4% CHAPS, 1% DTT, 0.5%

Thermo Fisher
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SDS, 40 mmol/L Tris-HCl, 20 mmol/L PMSF)®H &
B A BRI 45%, 2 s/2's, 7 min), 6 000xg
B0 10 min JFBCET, IAAXEREG T K& RO
15 min. F 10 K 888 B £6 IF AR K 2% b ik
(100 mmol/L NaAc, 150 mmol/L NaCl, pH 5.5) & #t
Buffer,
1.3 BEZEEERER

HBREILZ M EAEBEER 1 g/L, MER
HOIABRREC Y NalO, 7 Z 4R E N 15 mmol/L,
BEOGEAL 1 h S5 10 K BB 25 55 R KUV )
NalOs. HU 100 pL P IR B (BEY) 50%)T
1.5 mL B.0A4H, 3 000xg B0 30 s HERIF LA IR
TR, FRE K (RIBREE v 53 7T Ve B
2 K 4 NalOy %8405 18R I RO AT A B v
FIR TR RN A . FKIKA 1 mol/L NaCl, 4l
2. 50 mmol/L NH,HCO; 43 BIVEVER G 2 VK,
Fr AR MEREN .
1.4 BHEERIAE E B EXHE & B EGAR

I JEERS g oA S 50 mmol/L DTT 1Y 10%
TEAB ZZ i, 56 °C W& 45 min, FIMAS
100 mmol/L TAA f#) 10% TEAB ZZ ik, G T
30 min, AIA 10% TEAB 2% 0P U H EHE WS
Fi¢ 1:25 (B s Ho) LM AR R 1, 37 °C B
o 3000xg B0 30 s BREMAR, LIEFE 90 °C W7
B 10 min 2% i . 4 °C. 12 000xg &> 30 min,
W EWEVE R B, BETORAF -

4 JEmER I T] PNGase F B0 N-BEJIK
10 000xg 5.0 30 min, W€ FIEH 1) PNGase F i
fit IKBE , F FA )85 pH & 3.0—4.0 J5 F Sep-pak

x1 TEHMRCR

CI18 HEBRER, 1EEMERER, e TR,
1.5 ZHEMRICARE R A&

P e B IET 10% TEAB Zmhifirh, #ikk
JIKBEMEE 2 250 mg/L, HX 200 uL IKBEEW, fA
4% CH,O #1 0.6 mol/L NaBH;CN 4% 8 uL &%), F
18 XUBE P % 3 S 1 ho S L RE i AR RO A 32 ul
1%% 7K1 16 pL 5% FA ¥R AL N o [FEHE R 1
HEA T [R)—FE S 1 bR e

PRICH , B LB Kr R in 5 s i T 5
FRIEFE S E IR A . A FA T pH £ 3.0-4.0
Ji 1 Sep-pak C18 #1FrER, HETIRFF-

1.6 LC/MS 2 #f

5 TE T 1 2 MR i PR TS 9 2 R 43 )
FH 100 pL 0.1% FA @AM, HF RS, 5
T SR FH VROAH €233 - DU AR T #5 F 3 L T B 2 =X
1%, WAHES 5 EASY-nLC1200, fdi [ C18 E414
F:(Acclaim PepMap™ RSLC, 75x25 cm, 2 pm,
100 AYWERWARFE, A MR 0.1% FA KW, B
HE 0.1% FA 19 80% LM . B RAEMH FHEL
P i # 2 (data dependent acquisition, DDA), Ji
RSN 70 000, FHHETER 300—1 700 Da ()
44, EREARFR 4 uL (200-500 ng), FH Thermo
Proteome Discoverer 2.2 #{4F#EAT & T M & 47
Bro WE B B M 2 iR 5% #£+57.021 Da, 7]
A5 A R A R 5% 3L +15.995 Da. N K % 2
1£+42.001 Da, TEEEFEMTD, KATEMKE N-ii
F 2R I 1 — F LB i 1 5 T AR o0 o o ) )
“}+28.031 Da F1+32.056 Dal®"!,

Table 1 The labeling table of quantitative samples
Fricgd k5L 4 Sample groups 4% CH0 (uL) 4% CD,0 (uL) 0.6 mol/L
Mark groups NaBH;CN (ul)
1E#R Mark 200 pL Eif LB B5FE5EAEE i 200 L LB medium sample 8 = 8

200 pL EEE S REFRILRE S, 200 pL high salt medium sample ~ — 8 8
JZ AR Anti-mark 200 pL 38 LB $5FRIEEE N 200 pL LB medium sample = 8 8

200 pL A SR FE FLRR b 200 uL high salt medium sample 8 = 8

T = USR]

Note: —: No corresponding reagent added.
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B FE VD ] R (Salmonella enterica serovar
Typhimurium) ATCC 14028 47 8048 sk i T
UniProt (https://www.uniprot.org/).

1.7 qRT-PCR JE
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AR, 5 000xg B0 5 min JTTEARTE , SR 14 H
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ND-2000 736 EE XA fb ) RNA i#F4 7 it o il
FH PrimeScript RT il &4 A cDNA. 16S rRNA
RN R NS, i 2724k 0 4% 5L IR (0 AH %o
Tk AT

gqRT-PCR JZ WK% : 2xSYBR Premix ExTaq
10 uL, IE. JI51#(5 pmol/L)4% 1 uL, DNA &
#2 1 uL, Nuclease-free water 7 L.

qRT-PCR S i 551F: 95°C 10 s; 95°C 5 s,
57.5°C30s, 40 MEH; 95°C5s, 55°C60s,
95°C 1s, 1.
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Figure 1 The labeling results of polypeptides by different forms of CH,O
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Table 2 The results of the protein identification and differential expression
L Fricd HEH AfEEAKHE ZERFIREARH
Experiments Mark groups Number of proteins Number of credible Number of differentially
proteins expressed proteins
S E &2 — Experiment I IEFRAE S Mark 341 303 82
JCBRFE i Anti-mark 373
S E & Experiment 1T IEARAEE S Mark 372 322 100
JCBRFE i Anti-mark 366
SCIGE & = Experiment 1T IEFRAEf Mark 358 287 71
SR Anti-mark 346
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Figure 2 The schematic diagram of differently expressed
proteins
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FH G IMEFLEH, FIERECN 5835 f5; T
FFRIBHENA 94, TRENEEMNE yigF FH

15 1) BH R R R R, 25 AR O ROk 1Y
0.193 f#%(# 3).
23 qRT-PCRNEEZEREERERFRIEER

H A BT FE VD 1] IR TR FE = $h IR BE T Bl B 1 22
FRIBIEOL, XF 10 NS IE R ) mRNA FikK
F-EAT qRT-PCR Mll5E . 5848 LB KiFRSEAH L,
FER AT TR RGFEDTTIRE T ompC HYHH
X RIXACE R, EXTIRN 6.76 f5, B3 L
PR JE DR 2R R A e i BMIRARIK 2 ompCL nirB
pyrG. infB. Ipp. nuod, SHJEXT R 1.54, 1.81,
1.88. 2.79. 3.10. 6.76 1%, yeaG. pfIB WA
AR TR, 43 BEXTIRZLY 0.24, 0.87 %,
1M ssb. ptsl 7= mRNA /KPR KRk A
—H(& 6)
3 i

M VDT TG SPI-1 ZRA%AY TIT B 5030 2R S0
T F2H T ST TRERE B4R AR,
1M SPI-2 Zahth (3507 PR = 2 5 41 0 20 it ) A7 1
AN HIA N SR, VT R A [ R
B filpae N 2R KR L R RN K A T 22 2 R
KA TR I FEZ Th Ak, AR Rk i & ek
AU OSBRI 8 B R B R 3 b AR K
invA SN TR KPS R T AR
B AR ARG E )2 HFARINE SV T TR
HUw R 1 (SPLDFERE M FE KM, X EE/NMg
SPI-1 T3SS 5| & 4 AR i 41,
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Figure 3 The function distribution of the credible differential proteins
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Figure 4 The differential proteins of qualitative and quantitative analysis
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Note: A: The results of quantitative analysis; B: The results of qualitative analysis; C: The overlap of qualitative and quantitative results.

CANTE s, Wi A 5 1 A AT
P BN RdaR | PR . SR RIS
P S ol R v R A T A PO A T AT A B L
WATFE T, XS IR ADTIE S LR AWEHE
i A0t AT T R s A T = 4
T T SO FE V1T TR 7 WA R K
R . AT TG E AR R MR

B B ETP T TR A 19 MR A RRIB R 4
3 U, B A 2 S R P A A
KA WA PR A P05 BHSCEE | Mg
(A7 N NCIEZR L bl 7/ M AR FESE S
VRN IBAL IR AL, FE IR 2 8t e s 5 TR
R E B, ATE R AEBRIRE . RIVE R A0k
T DURHE R SR DR AE o M1, O 1 dk—28 T i

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Widr =% PR PV IR 28 S 1 o B e o # 4161

iRt e B AR i s A B R 11
The glycoproteins enriched by hydrazine resin were
ST hydrolyzed by trypsin E AT
Quantitative analysis Qualitative analysis

8 ¥

FHPNGaselifi VIl 5 BEER A L o
Digest the glycopeptide on the hydrazine resin
by PNGase F

WA Bl I R B
Collect the peptides after enzymatic hydrolysis

A 4 . 4

TR LR R AR R B
Label peptides using dimethyl labeling method

A 4 ¥

JETE - S A B

Mass spectrometry analysis and data processing
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Figure 5 The process diagram of qualitative and quantitative glycoproteomics based hydrazide chemistry
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Table 3 The functions and differential expression multiples of the most credible proteins

EEE A5 FER 44 FIk 22 SAEEL EEIRE

UniProt ID Gene name Differential expressed multiples Major functions

AOAOF6BAY1 yjgk 0.193 Putative translation initiation inhibitor
AO0AOF6AZUO wraB 0.236 NAD(P)H dehydrogenase (quinone)
AOAOF6BOLO yeaG 0.238 Putative serine protein kinase
AOAOF6BAA1 ssb 0.286 Single-stranded DNA-binding protein
AOAOF6B3F3 cpsG 0.305 Phosphomannomutase

AOAOF6B9R7 glpK 0.377 Glycerol kinase

AO0AOF6B9U1 katG 0.491 Catalase-peroxidase

AOAOF6B3T5S yeiP 0.496 Elongation factor P-like protein
AO0AOF6AZB9 pflB 0.510 Pyruvate formate lyase I

AO0AO0F6B771 infB 1.680 Translation initiation factor IF-2
AOAOF6AWWS5 ged 2.171 Glucose dehydrogenase

AOAO0F6B624 pyrG 2.180 CTP synthase

AOAOF6BBBS5 deoD 2.265 Purine nucleoside phosphorylase DeoD-type
AOAOF6B4I11 ptsl 2.281 Phosphoenolpyruvate-protein; phosphotransferase
AOAOF6B585 pssA 2.522 Phosphatidylserine synthase
AO0AOF6B467 nuoA 3.390 NADH-quinone oxidoreductase subunit A
AOAOF6B0X1 Ipp 4.382 Murein lipoprotein

AOAOQF6B7S5 nirB 4.777 Nitrite reductase large subunit
AOAQF6B3Z27 ompC 5.835 Outer membrane porin protein C
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Figure 6 Relative changes in the expression levels of
10 genes under high salt environment

TE: **: 18 P<0.01 BKF EAZES; *: 1 P<0.05 KF E
252

Note: **: The difference at the level of P<0.01; *: The difference
at the level of P<0.05.
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P IE R R IBKF- R I, yeaG. pfIB LA FER
KK TR, ¥ 5 E A RSB T ssb.
pts] 76 mRNA (KSR A 53 B 135 o Tt T
(AR 1 B KRR A — B X R 1 5 i B A
KB A—Fmy F LR E AT REN : (1) e
Xof 5 [R] s y77 A e B ] A8 R SV P o TR AN B 3
N, FEE BT A STEE A TUKE2E I (2)
FE R S BPEER FRA B E ARZ E 2R
AN, AETERER e s R R B Ol s (3) TEE
H B s R D, BTSSR E U, A
SEMR R BT A A AR

ATHGE R, i e O R AR T R R
B KB 2 ompC FE R G i) SMNEEFLE
LA S 2 A S 00, R 4 W 380 44 TR A A1 1) 3

E, I RS R G0™ A AR, R - 38 2o Ah i
FLEE P38 3 5 b B AR AR, SEBR AR i
AL S REU, [ A SN B L A 11 A 2 1k R s AT
S I A A A7 M R SRR, R I A TR AN [ A B
5% 10 nirB S gmhS = A WA IR R, 25
P AEIRER I S B b b R, A R T R 20 B ey
W R RS ERER IR B, JRFIE NAD', HIRErTRE
SEAEAR Y R IR H B B B, AR 2
MIRETE . TEAHFEH IR LB T H nuod BEDK gt ™
A1) NADH-SE ALk Il AL, e EE S F IR A
PRI i il RO L A AR R ) R TR, RTRETEIR
T AR A S A LR AT 45202, ek,

NGt 22 2 12 (phosphatidylserine , PS)J2 2 Jitd 5 11t &
By, S5 TR 1
SR FEDT IR R TR 55 2 2= IR MR P, pss4
HRSH) PS SRR RA T BRI R, JIF
AR B KT E TR PS SR EfE L R rh
SRR BRYIAS G, SCB S ISR T B A A
FEERRY, FA1, prsT ikt i iR 4 W o i 198 2
I W R 5% A% I TE m £R 175 S PR B vh (9 Rk KA B
BT R AT AL G iR s R G LR IRY)
BERAL I e A TEA MR B i%%is , TRk k&
YRR A T 2 LR AR i BEA BG4

Al B A A e R OGRS R R

SRFEVD T T IRTA prst HEPR 2k 2352 e 4 A A A Hh
M, I P BOLAE /N B I A A AL T B ek
$5290. Ipp A R 2R G A 1 R A R
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