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Separation and identification of differential proteininrat’s
bone with fluorosis and calcium supplementation inter vention
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Abstract: In order to explore the mechanisms underlying the calcium alleviating fluorosis at protein level, we made an
attempt to establish fluorosis and calcium supplementation rat models to isolate and identify bone differential proteins. The bone
proteins of different groups were compared by two-dimensional electrophoresis (2-DE) and mass spectrometry (MALDI-TOF
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MS), and analyzed by gene ontology annotation, pathway enrichment and interaction networks. The 17 proteins were identified
in the fluorosis group (F) and the fluorosis cal cium supplement group (F+Ca), including type | collagen (Col1lal), actin (Actb),
protein glutamine transferase 2 (Tgm2), compared with the control group (C). These differential proteins are enriched in 38
bone metabolic pathways such as focal adhesion, PI3K-Akt signaling pathway, and AMPK signaling pathway. And the
functions of these proteins are mainly related to cytoskeleton, energy metabolism, substance transport, ion channel, and
apoptosis. Therefore, it is speculated that calcium may alleviate the fluoride-induced bone damage by regulating the focal
adhesion, PI3K-Akt, AMPK and other signaling pathway, but the specific mechanism needs further research.

Keywords: fluorosis, calcium, bone tissue, two-dimensional electrophoresis (2-DE), differential expressed proteins
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desorption/ionization time of flight mass
spectrometry, MALDI-TOF MS) H.A 7 U & |

YT 3 i A3 B R e S i T AT R
Fioy B ik AHSS & . HET, 2-DE Al MALDI-TOF
MS B BCH R 2 iF5E E 0 22 5 8 R EA T EL
S R T

PRI A BT 58 LLES F S 120 d A9 IE# 4
(C). YA (F). JmAMGH (F+Ca) SD K ELHY
I SR B SO AR A, SRR 1B 2-DE
Fl MALDI-TOF MS AR DL R A5 B2 50
N P 4122 7K 5 SRS X1 4 4R 1 Rk
W, TS EANIEER R, EEAKT
i RGN E S S B RO VE AL, ik
(A RIF ST 4 A H I AR 0l

1 MBEFE

11 SEEzpFast

30 X SD #EME KR, K 120 g &4, WH
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IR . TR SR BN S o b e, T B b
6T 5 RIPA 1 24 i W F0 2 1 i 00 i) 5]
(PMSF) Il F 24 = K (Beyotime) A wl 5 1PG e 451
H Bio-Rad A H]; MG H Promega /A vl ; i
ARG & B PR dr) YR
HBRAT] . VersaDoc™ {8 &4t (fE[F Bio-Rad).
HL 7k #8 (GE ETTAN DALTsix). 2 B M4{L (GE
ETTAN IPGPHOR3) . UltrafleXtreme MALDI
TOF/TOF B (1 [# 17 & 5, Bruker Dalton),
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Tablel Establishment of animal model
NaF concentration

s CaCO;

(ma/L) content (%)
Control (C) = -
Fluorisos (F) 150 -
Fluorisos and
Calcium (F+Ca) 150 1
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Fig. 1 Fluoride content in rats of each experimental
group. **P<0.01, *** P<0.001, compared with control
group and Fluorosis group.
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Fig. 2 Different upregulated proteinsin group F.
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Fig. 3 Different downregulated proteinsin group F.
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Fig. 4 Different upregulated proteinsin group F+Ca.
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5 F+CadATHEMNERER
Fig. 5 Different downregulated proteinsin group F+Ca
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M1M2 (KPYM, Pkm). A47 f G- b
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LR TR AR O D 25 R A 5 R, 43
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Table2 Identification of differentially expressed proteins
Spot Accesson Score  Mr pl Protein name Function
number number
Al12 TGM2 MOUSE 9 78153 4.98 Protein-glutamine Catalyzes conjugate cross-linking of
gamma-glutamyltransferase 2 proteins and polyamines
A23 TXD12-RAT 54 19178 5.25 Thioredoxin domain-containing Possesses significant protein thiol-disulfide
protein 12 oxidase activity
A45 KPYM_RAT 107 58294 6.63 PyruvatekinaseisozymesM1/M2  Catayzesthe transfer of a phosphoryl
group from PEP to ADP
A47 K6PF_RAT 216 86361 8.23 6-phosphofructokinase, muscletype Thefirst committing step of glycolysis
A53 CO1A1 RAT 129 138895 5.71 Collagen alpha-1(l) chain One of the structural components of the
extracellular matrix
A74 NGAL_RAT 61 22716 8.41 Neutrophil gelatinase-associated Involved in multiple processes such as
lipocalin apoptosis, innate immunity
A76 MYL1 RAT 396 20781 4.99 Myosinlight chain 1/3, skeleta Regulatory light chain of myosin, does not
muscle isoform bind calcium
A82 MLRS RAT 486 19071 4.82 Myosinregulatory light chain 2, Regulates ATPase activity, binds calcium
skeletal muscle isoform
A85 RABP1 RAT 329 15753 5.3 Cdlular retinoic acid-binding Regulate the access of retinoic acid to its
protein 1 nuclear receptors
B38 ILEUA_RAT 268 42871 592 Leukocyte elastaseinhibitor A Regulates the activity of the neutrophil
proteases
B72 ACTB_RAT 84 42052 529 Actin, cytoplasmic 1 Participate in the movement of various
cdls
B77 DDX3Y_PONAB 100 73454 7.24 ATP-dependent RNA helicase ATP-dependent RNA helicase and playsa
DDX3Y role in spermatogenesis
B84 ANXAS5_RAT 271 35779 4.93 Annexin A5 Involved in the blood coagulation cascade.
B9%4 GSTO1l RAT 224 27936 6.25 Glutathione S-transferaseomega-l  Exhibits glutathione-dependent thiol
transferase and dehydroascorbate
reductase activities
B99 CLIC1 RAT 76 27306 5.09 Chlorideintracellular channel Can insert into membranes and form
protein 1 chlorideion channels
B106 CT011 HUMAN 82 26789 4.92 Protein C200rf1l Unkown
B125 RET4 RAT 218 23547 5.69 Retinol-binding protein 4 Deliversretinol from the liver storesto the

peripheral tissues

24 REEFEANEMEEFESH
241 GOE®

W 17 A i 22 R A4 2 DAVID 40
g, BAEREARTREEEEMN GO SKH.
E AR EEEHITHY, HEAHT 6 LAY
AR KA NS E R (183%) . fF 25k 1 &
& (11%) . /N R (11%) . i85 (11%) .
EAREARASE (11%). N (B 6); 7
20 A3 AR RO AT (19%) . 4 i A 7S B
(13%). EHAREGE (12%). MIMX (10%).
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FALR R EEEE (7T%) (K 8). i/ EREAM
TS B A5 AL, 3R T UE R R
CIR Y=g Rk R TR /N 87 N2 0K = e LI
B 2 M AR RE BN A PN W o e R EE L
AT EAN I T, T b TS S X R B B
AW ENEMRAER.
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Fig. 6 Biologica processinvolved by skeletal differential proteins.

Cytoskeleton, 3, 6%

Plasma membrane, 3, 6%

0, 19%

space, 7, 13%

mplex, 6, 12%

Extracellular region, 5, 10%

7 BEREREOESNARRKRS
Fig. 7 Cellular component contained by skeletal differential proteins.
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Fig. 8 Molecular function of skeletal differential proteins.
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#* 3 EFEHSZ58 KEGG pathways

Table3 The KEGG pathways of differential proteinsinvolved

KEGG ID KEGG pathways Protein number Protein name
rno04510 Focal adhesion 3 Collal/Mylpf/Actb
rno04810 Regulation of actin cytoskeleton 2 Myl pf/Actb
rno01230 Biosynthesis of amino acids 2 Pkm/Pfkm
rno01200 Carbon metabolism 2 Pkm/Pfkm
rno05146 Amoebiasis 2 Collal/Serpinbla
rno01100 Metabolic pathways 2 Pkm/Pfkm
rno04530 Tight junction 2 Actb/Mylpf
rno04611 Platel et activation 2 Actb/Col1al
rno04670 Leukocyte transendothelial migration 2 Actb/Myl pf
rno00010 Glycolysis/Gluconeogenesis 2 Pkm/Pfkm
rno04390 Hippo signaling pathway 1 Actb
rno04919 Thyroid hormone signaling pathway 1 Actb
rno05164 Influenza A 1 Actb
rno04974 Protein digestion and absorption 1 Colial
rno05203 Viral carcinogenesis 1 Pkm
rno05416 Viral myocarditis 1 Actb
rno05412 Arrhythmogenic right ventricular cardiomyopathy (ARVC) 1 Actb
rno00052 Galactose metabolism 1 Pfkm
rno05132 Salmonellainfection 1 Actb
rno05016 Huntington’s disease 1 Tgm2
rno04520 Adherens junction 1 Actb
rno04930 Type |1 diabetes mellitus 1 Pkm
rno00480 Glutathione metabolism 2 Txndc12/Gstol
rno00030 Pentose phosphate pathway 1 Pfkm
rno00051 Fructose and mannose metabolism 1 Pfkm
rno04921 Oxytocin signaling pathway 1 Actb
rno04151 PI3K-Akt signaling pathway 1 Collal
rno00620 Pyruvate metabolism 1 Pkm
rno04152 AMPK signaling pathway 1 Pfkm
rno05100 Bacterial invasion of epithelial cells 1 Actb
rno04971 Gastric acid secretion 1 Actb
rno05414 Dilated cardiomyopathy 1 Actb
rno05410 Hypertrophic cardiomyopathy (HCM) 1 Actb
rno05205 Proteoglycans in cancer 1 Actb
rno00230 Purine metabolism 1 Pkm
rno04512 ECM -receptor interaction 1 Collal
rno04015 Rapl signaling pathway 1 Actb
rno04145 Phagosome 1 Actb

W53 25 S 1 O S — A ARHE I, Tgm2,
Txndc12 Fl Gstol, 7EASLKH, Collal 25 T
Fi % B (Focal adhesion, FA ). PI3K-Akt {55 i
#%H1 ECM-receptor interaction iX 3 453l %, FA
AN S A AN LR (ECM) Al 32 B 3 5 =X,
A E A LR LUE RS B (FAK) 1Y
A SR, HILBIE RS PISK/AKL {5538
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H, dEFEXT AN K ECM KERARE Sy, oAs 4N
2, BH kA R T R R & A, 20 ECM
MITE R, SO B Rk AR O, $R 7R 5 T R
13X 3 453 % H 45 Collal 25 & s 9 rh % . Pfkm
% 57T AMP-activatedproteinkinase (AMPK) 1
5 IE (R EE ORY 4H M  f  R A, K
TG IE AT LASE I ATP (AR, fEASEE H, Pfkm
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Fig. 9 Network analysis of differentially expressed proteins.
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