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14

Abstract15

Background: Ginsenoside Rb1, known as Renshen in traditional Chinese medicine,16

is one of the major bioactive saponins isolated from Panax ginseng C.A.Mey.17

N-glycosylation is the most common type of post-translational modification in cells.18

The widespread localization of N-glycosylated proteins (N-glycoproteins) between19

extracellular spaces and on the cell surfaces give them unique advantages as disease20

biomarkers and drug targets. Previous study found that Ginsenoside Rb1 could21

potentially play a preventive role in hyperlipidemia. This study aims to reveal the22

hypolipidemic effect at the protein modification level.23

Methods: 24 male SD rats were randomly devided into 3 groups: control group24

(CON), hight fat diet group (HFD) and Ginsenoside Rb1 group (Rb1). Both HFD and25

Rb1 groups were fed with high-fat diet for 12 weeks. The Rb1 group started26

intragastric administering Ginsenoside Rb1 200 mg·kg-1·d-1 at 5th week for 8 weeks,27

while the CON and HFD group the same amount of normal saline for the same28
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mailto:yang_guanlin@163.com
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amount of time. Lipid levels and liver histology were assayed to evaluate the effects29

of Ginsenoside Rb1 intake on hyperlipidemia rats. Furthermore, the workflow by30

combination of isotope TMT labeling, HILIC enrichment, and high-resolution31

LC-MS/MS analysis were employed to exploring the mechanisms of regulation role32

in hyperlipidemia rats.33

Results: The histopathologic characteristics and biochemical data shows that34

Ginsenoside Rb1 exhibited regulative effects on hyperlipidemia rats. After being35

analyzed by N-glycoproteomic, 98 differential N-glycosylation sites on 5336

glycoproteins between 2 comparison groups (HFD: CON, Rb1: HFD) were identified.37

Analyses of N-glycosylation sites distribution found thatalbumin (Alb) and Serpinc138

were most heavily modified with 6 N-glycosylation sites changed in this work. GO39

enrichment analysis showed that differential modified glycoproteins were involved in40

inflammatory response, cellular iron ion homeostasis and positive regulation of41

cholesterol efflux etc. biosynthetic process. Complement and coagulation cascades42

was the most significant enriched in the KEGG pathway enrichment analysis.43

Conclusions: This study presents a comprehensive analysis of a new set of44

N-glycoproteins which are altered by Ginsenoside Rb1 and offers some valuable clues45

for novel mechanistic insights into the ragulative mechanism of Ginsenoside Rb1.46

Results from N-glycoproteomic suggest that to suppress hyperlipidemia, Rb1 may47

regulates N-glycosylation of Alb, Serpinc1, PON1, Lrp1, Cp and THBS1, as well as48

differentially modified glycoproteins in complement and coagulation cascades, which49

in turn improve the imbalance of lipid homeostasis.50

Keywords: N-glycoproteomic; Ginsenoside Rb1; hyperlipidemia; high fat diet51

52

Background53

Dyslipidemia is a disease characterized by the overreach of total cholesterol (TC),54

low-density lipoprotein cholesterol (LDL-C), triglycerides (TG) and lower of55

high-density lipoprotein cholesterol (HDL-C) compare to normal [1]. Worldwide, the56

incidence of dyslipidemia is 34% to 60%[2, 3]. Dyslipidemia is a risk factor for57

cardiovascular disease, type 2 diabetes, and other diseases, for which is the leading58
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cause of disease death around the world[4-6]. Even though hypolipidemic59

medications can lower blood lipid levels, they are constrained because of the absence60

of safety[7]. There is an urgent need to develop an effective and safer drug for the61

prevention and treatment of hyperlipidemia.62

Ginsenoside Rb1 (Rb1) is one of the major bioactive saponins isolated from Panax63

ginseng C.A.Mey, and is known as Renshen in traditional Chinese medicine.64

Numerous studies have indicated that Ginsenoside Rb1 possesses a variety of65

biological activities, including, but not limited to, anti-Diabetic, anti-aging,66

anti-depressant, and myocardial protection[8-11]. In a previous study, Rb1 treatment67

reduced TC, TG, and LDL-C levels in apoE-/- mice fed with a high fat-diet[12].68

Recent animals and cell models show that Rb1 has anti-atherosclerosis and69

anti-obesity effects. For example, Rb1 enhances atherosclerotic plaque stability by70

improving autophagy and lipid metabolism in macrophage foam cells[13], Rb171

improves leptin sensitivity in the prefrontal cortex in obese mice[14]. Our previous72

study found that Rb1 could potentially play a preventive role in hyperlipidemia[15].73

However, the effect of Rb1 on N-glycosylation of plasma proteins in hyperlipidemia74

rats has not been studied.75

Recent studies show that protein glycosylation plays an important role in maintaining76

lipid homeostasis[16-18]. Protein glycosylation is one of the most common77

post-translational processes of proteins, and more than 50% of mammalian proteins78

are glycosylated[19]. Plasma proteins are mostly modified by glycans. Furthermore,79

since plasma proteins are derived from tissues and organs, their properties are affected80

by the physiological or pathological conditions of various tissues and organs,81

indicating that plasma proteins and their glycans are good targets for monitoring82

healthy conditions[19]. Attributed to the structural variation of glycans,83

N-glycoproteins play important roles in cell recognition, Signal transduction,84

maintenance of plasma protein stability, and other biological processes[21]. With the85

continuous improvement and smarter use of liquid chromatography and tandem mass86

spectrometry (LC-MS/MS) instruments, as well as a wider selection of specialized87

software, the next milestone in glybiometric analysis, one of the last frontiers of88
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proteomics, is imminent[22].89

In this study, N-glycoproteomic quantification based on a workflow by combination90

of isotope TMT labeling, HILIC enrichment, and high-resolution LC-MS/MS were91

applied to investigate the effect of dyslipidemia on N-glycosylation of plasma protein92

and regulative mechanism of Ginsenoside Rb1 on high fat diet induced93

hyperlipidemia rats.94

95

Methods96

Animals and sample97

The Ethics Committee of Liaoning University of Traditional Chinese Medicine98

approved and supervised the research protocol (Approval number 2019022). 24 Rats99

(Liaoning Changsheng bio-technology Co., Ltd.) were divided into 3 groups,100

including the Control group (CON), Hight fat diet group (HFD), and Ginsenoside101

Rb1group (Rb1). The rats in the Control group were fed with a regular balanced diet,102

while those in HFD and Rb1 were fed with high-fat diet (10% lard, 1% cholesterol,103

0.5% sodium cholic acid, sulfur 0.2% methyl oxygen pyrimidine, 5% sucrose and104

83.3% common feed). After feeding for 4 weeks, the rats in Rb1 received Ginsenoside105

Rb1 (Xi 'an tianfeng biotechnology co. LTD) 200 mg· kg-1· d-1 by intragastric106

administration for 8 weeks, while those in the CON and HFD received the same107

amount of normal saline for the same amount of time.108

The rats were sacrificed after 10% chloral hydrate anesthesia at the end of 12th week.109

Blood from the abdominal aorta was collected and placed in an anticoagulant tube.110

After standing for 30 min at room temperature, the blood was centrifuged at 3,500111

r/min for 25 min. The serum and plasma were collected and stored at -80℃. After all112

rats were sacrificed, small cuboids around 5× 5× 2-3 mm were cut out from the113

middle part of the right liver lobe were fixed with 4% paraformaldehyde solution114

while others were preserved at -80℃ to subsequent analyses.115

Lipid measurement116

The levels of TG, LDL-C, TC, and HDL-C in blood samples were determined by117

automatic TBA-120FR biochemical analyzer (Toshiba Corporation, Tokyo, Japan).118
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Liver histological examination119

Hepatic tissues were fixed with 4% paraformaldehyde solution for 24 h for liver120

histological examination. Then the hepatic tissues embedded with paraffin were121

stained with hematoxylin and eosin (H&E), using standard techniques. In order to122

observe the accumulation of lipids in liver tissue more intuitively. Frozen sections of123

liver tissue (6μ m for each section) were generated and stained with Oil Red124

O-hematoxylin. The samples were washed with 50% ethanol, stained with Oil Red O125

for 8 min, differentiated with 50% ethanol, rinsed with running water, and install with126

glycerin glue. The slices are examined and photographs are taken using an optical127

microscope attached to a digital CCD camera.128

Protein extraction129

The sample was removed from -80℃ , centrifuged for 10 minutes at 4℃at 12000 g,130

and cell fragments were removed. The supernatant was transferred to a new centrifuge131

tube. The Kit produced by Bio-rad company was used to remove high protein132

enrichment according to the instructions of ProteoMiner™ Protein Enrichment Small133

Capacity Kit (Bio-rad). The BCA kit was used to determine the protein concentration.134

Trypsin digestion135

For digestion, the protein solution was reduced with 5 mm dithiothreitol for 30 min at136

56 ℃ and alkylated with 11 mm iodoacetamide for 15 min at room temperature in137

darkness. The protein sample was then diluted by adding 100 mm TEAB to urea138

concentration less than 2M. Finally, trypsin was added at 1:50 trypsin-to-protein mass139

ratio for the first digestion overnight at 37 ℃ and 1:100 trypsin-to-protein mass ratio140

for a second 4 h-digestion.141

TMT labeling142

After trypsin digestion, peptide was desalted by Strata X C18 SPE column143

(Phenomenex) and vacuum-dried. Peptide was reconstituted in 0.5 M TEAB and144

processed according to the manufacturer’s protocol for TMT kit. Briefly, one unit of145

TMT reagent were thawed and reconstituted in acetonitrile. The peptide mixtures146

were then incubated for 2 h at room temperature and pooled, desalted and dried by147

vacuum centrifugation.148
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HPLC fractionation149

The tryptic peptides were fractionated into fractions by high pH reverse-phase HPLC150

using Agilent 300Extend C18 (5 m particle size, 4.6 mm inner diameter, 250 mm151

long).152

Affinity enrichment153

The peptides were dissolved in a 40 L enrichment buffer solution (80% acetonitrile154

/1% trifluoroacetic acid) and then transferred to a supernatant HILIC microcolumn155

and centrifuged at 4000 g for about 15 min. Then the hydrophilic microcolumn was156

washed 3 times with enrichment buffer. Then 10% acetonitrile eluent was used to157

deglycopeptide, the eluent was collected and vacuum frozen. After being drained, the158

mixture was redissolved in 50 mm ammonium bicarbonate buffer dissolved in 50 L159

dioxyethylene water, and 2 L PNGase F glycosidic enzyme was added. The enzyme160

was digested overnight at 37 ℃ . Finally, according to the C18 ZipTips instruction,161

salt was removed, and the supply liquid and mass were analyzed after vacuum162

freezing and drying.163

LC-MS/MS analysis164

The peptides were dissolved in liquid chromatography (HPLC) mobile phase A and165

then separated using an EASY-NLC 1000 ULTRA high-performance liquid system.166

Mobile phase A was an aqueous solution containing 0.1% formic acid and 2%167

acetonitrile. Mobile phase B is an aqueous solution containing 0.1% formic acid and168

90% acetonitrile. Liquid phase gradient setting: 0-24 min, 10%~25%B; 24-32 min,169

25%~35%B; 32-36 min, 35%~80%B; 36-40 min, 80%B, flow rate maintained at 400170

nL/min. The peptides were separated by an ULTRA high-performance liquid system171

and injected into an NSI ion source for ionization and then analyzed by Q Exactive172

Plus mass spectrometry. The ion source voltage was set to 2.0kV, and the peptide173

parent ion and its secondary fragments were detected and analyzed by using high174

resolution Orbitrap. The scanning range of primary mass spectrometry was set as175

350-1800 m/z, and the scanning resolution was set as 70,000. The scanning range of176

the secondary mass spectrometry was fixed at 100 m/z, and the resolution of the177

secondary mass spectrometry was set at 35,000. In the data acquisition mode, a178
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data-dependent scanning program was used, that is, the first 20 peptide parent ions179

with the highest signal intensity were selected successively into the HCD collision180

pool after the first-stage scanning, and the fragmentation energy of 30% was used for181

fragmentation, and secondary mass spectrometry analysis was also performed in turn.182

In order to improve the effective utilization of the mass spectrum, automatic gain183

control is set to 5E4, the signal threshold is set to 10000 IONS /s, maximum injection184

time is set to 100 ms, and dynamic exclusion time of tandem mass scan is set to 30185

seconds to avoid repeated scan of the parent ions.186

Database search and mass spectrometry quality control test187

Secondary mass spectrometry data were retrieved using Maxquant (V1.5.2.8). The188

retrieval parameters were set to Rattus_norvegicus (29955 sequences), an inverse189

library was added to calculate the false positive rate due to random matching, and a190

common contamination library was added to the database to eliminate the influence of191

contaminated proteins in the identification results. The enzyme digestion method was192

set as Trypsin/P; The number of missing bits was set to 2; The minimum length of the193

peptide segment was set as 7 amino acid residues. The maximum modification194

number of peptide segment was set as 5. The mass error tolerance of the primary195

parent ion of First search and Main Search was set as 20 PPM and 5 PPM respectively,196

and the mass error tolerance of the secondary fragment ion was 0.02 Da. The197

alkylation of cysteine was fixed, and the variable modification was methionine198

oxidation, n-terminal acetylation, deamidation, and deamidation (18O) of aspartate.199

The quantitative method was set as TMT-10plex, and the PROTEIN identification and200

PSM identification FDR were set as 1%.201

Bioinformatics methods202

Bioinformatics analysis were performed to construct annotations and for differentially203

modified proteins. Gene Ontology (GO) annotation proteome was derived from the204

UniProt-GOA database ( http://www.ebi.ac.uk/GOA/). Kyoto Encyclopedia of Genes205

and Genomes (KEGG) database was used to annotate protein pathway. Firstly, using206

KEGG online service tools KAAS to annotated protein’s KEGG database description.207

Then mapping the annotation result on the KEGG pathway database using KEGG208

http://www.ebi.ac.uk/GOA/).
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online service tools KEGG mapper. P values were used to test the reliability of the209

analysis.210

Statistical analysis211

Data are presented as the mean ± SD. Differences among the groups were evaluated212

with the ANOVA test for multiple groups using Prism GraphPad software (San Diego,213

CA, USA). P-values below 0.05 were considered statistically significant.214

215

Results216

Ginsenoside Rb1 alleviated serum lipid level and liver lipid deposition in217

hyperlipidemia rats218

To evaluate whether Rb1 ragulates dyslipidemia by a high-fat diet, the levels of serum219

lipid were monitored in this study. Comparing to CON, HFD showed a marked220

increase in TC, TG, LDL-C level and decrease in HDL-C level (p<0.01), while Rb1221

significant decreased the levels of TC, TG, LDL-C and increased HDL-C level222

compared to HFD (p<0.01) (Figure. 1). H&E and Oil red O staining showed that223

treatment with Ginsenosiduate Rb1marked attened HFD-iduced lipid deposition in224

liver which is consistent with the result of serum lipid (Figure. 2). All of these results225

suggested that Rb1 can improve the lipid metabolism disorder in hyperlipidemia rats226

caused by high fat diet.227

Quantitative analysis of N-glycoproteome in hyperlipidemia rat plasma228

In order to explore the potential molecular mechanisms of Rb1 in hyperlipidemia,229

N-glycoproteome method was performed for detecting differential modified proteins230

at N-glycosylation scale in each group (CON, HFD and Rb1). We identified a total of231

603.0 glycation modification sites on 251.0 glycoproteins, among which 576.0 sites232

on 241.0 glycoproteins had quantitative information (Supporting Information Table 1).233

Further, 244 (up-regulated: 174, down-regulated: 70) differential N-glycosylation sites234

in HFD: CON and 135 (up-regulated: 88, down-regulated: 47) differential235

N-glycosylation sites in Rb1: HFD were identified respectively (Table 1, Supporting236

Information Table 2). Volcano plot and clustering analysist showed the details of 98237

differential N-glycosylation sites (Figure 3A and 3B) on 53 glycoproteins (Figure 3C238
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and 4D) among 2 comparison groups (Supporting Information Table 3). These239

co-altered glyproteins may be important to elucidate the mechanism by which Rb1240

improves hyperlipidemia. Overall, our data suggest that the plasma protein241

N-glycosylation of hyperlipidemia rats was significantly affected by Rb1.242

243

Table 1. The quantity of differentially expressed glyproteins and sites identified in244

experiments245

246

247

N-glycosylation sites distribution analyses248

It should be indicated that most of differential modified glycoproteins in this work,249

which account for 51% of all glycoproteins, only one site could be found. However,250

there are still 21, 11, 17% of glycoproteins identified with two, three, and more than251

three sites (Fig. 4A). Serpinc1 and Alb were most heavily N-glycosylated with 6252

N-glycosylation sites identified in this work. Besides, Tf, Cpb2, Lifr, Cp, Map1 and253

Itih4 were also identified with more than 4 N-glycosylation sites. The N-glycosylation254

sequence motif was analyzed as shown in Fig.4B and Supporting Information Table 4.255

256

GO and KEGG functional enrichment analyses257

48 of the 53 differential modified glycoproteins were clearly identified. To know the258

functional classification of the 48 glycoproteins in the overlaps of HFD: CON and259

Sample pairs N-glycosylation Sites

HFD: CON Rb1: HFD

Identified 603

Quantified 576

UP-regulated 174 88

Down-regulated 70 47

Total difference 244 135
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Rb1: HFD, GO enrichment analysis was performed. The results were shown in Figure260

5 and Supporting Information Table 5. In terms of biological process, it is obviously261

that majority of glycoproteins distributed in the extracellular space (77%),262

extracellular exosome (77%), blood microparticle (47.9%) and extracellular region263

(31.25%). It is highly consisted with property of glycoproteins, showing the high264

confident of the glycoproteome identified in this work. while a few of glycoproteins265

were localized in membrane attack complex (3%), cell (5%), extracellular matrix266

(5%), other organism cell (2%), platelet alpha granule (2%), high-density lipoprotein267

particle (2%) (Figure 5B). Paraoxonase 1 (PON1) is a blood microparticle and also a268

high-density lipoprotein particle, which is closely related to cholesterol metabolism.269

Serine-type endopeptidase inhibitor activity, serine-type endopeptidase activity,270

protease binding, endopeptidase inhibitor activity, glycoprotein binding etc. were271

enriched in the molecular function aspect (Figure 5C). In terms of biological process,272

negative regulation of endopeptidase activity, complement activation, classical273

pathway, blood coagulation, acute-phase response, fibrinolysis, proteolysis, negative274

regulation of fibrinolysis, innate immune response, inflammatory response, cellular275

iron ion homeostasis etc. were mainly enriched. In addition, and positive regulation of276

cholesterol efflux were also enriched into biological processes (Figure 5D). PON1 and277

LDL receptor-related protein1 (Lrp1) were differential modified glycoproteins in278

positive regulation of cholesterol efflux process. Compared with CON, the279

modification levels of PON1 in sites Asn 41 was up-regulated and of Lrp1 in sites280

Asn 3090 and Asn 115 were down regulated in HFD, and Rb1 can reverse the above281

differential modification levels. It suggests that N-glycosylation of PON1 and LRP1 is282

an important mechanism of Rb1 regulating lipid metabolism disorder. Mass283

spectrograms of PON1 and LRP1 are shown in Figure 6.284

Furthermore, to analyze biological pathways that respond to ragulative effect of Rb1285

on hyperlipemia, 48 differential modified glycoproteins were investigated using the286

KEGG database. The KEGG pathway analysis of the quantitatively changed proteins287

undergoes glycosylation showed one vital pathway-Complement and coagulation288

cascades (Figure 7A, Supporting Information Table 6). It is found that there were289

41sites of 20 proteins changed in this pathway (Figure. 7B).290

291
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Discussion292

Although our previous study has provided evidence of the therapeutical effect of Rb1293

on hyperlipidemia in mice[15]. The mechanism of Rb1 on the modification level of294

plasma proteins in hyperlipidemia model has not been explored. Rb1 is a kind of295

glycoside compound, which may be related to protein glycosylation modification.296

Glycosylation is the most abundant and complex protein modification, and can have a297

great structural and functional effect on the conjugate. With the development of298

technology, glycosylation has gradually become the target of finding disease299

biomarkers for early diagnosis. Additionally, biofluids such as plasma, serum or saliva300

are of great use in this regard, as they are easily accessible and can provide relevant301

glycosylation information[23]. Thus, on the basis of confirming the therapeutical302

effect of Rb1 on hyperlipidemia rats, we further employed the N-glycoproteome of303

plasma of hyperlipidemia rats to better understand the underlying mechanisms of Rb1304

formula in a system-based strategy. For this purpose, we established a quantification305

workflow for N-glycoproteome by the combination of TMT labeling and306

HILIC-based enrichment. Our study was the first to reveal aberrant N-glycosylation307

of plasma glycoproteins in hyperlipidemia rats induced by high fat diet and the308

intervention mechanism of Rb1, which determined 53 differentially modified proteins309

and 98 sites.310

According to the data, we found that the modification sites of the protein Alb and311

Serpinc1 are the most altered. Alb is considered as one of the main carriers of fatty312

acids in the blood and is involved in the transport of long-chain fatty acids from the313

blood to the cells and mitochondria[24]. Alb binding with fatty acids can reduce the314

cytotoxicity of fatty acids and reduce the damage of fatty acids to cells. In the present315

study, the glycosylation level of 6 modification sites (Asn123, Asn291, Asn266,316

Asn249, Asn415, Asn82) of Alb was down-regulated in HFD. These changes may317

affect the binding ability of ALB to fatty acids and thus affect lipid homeostasis.318

Serpinc1 is also known as C1-INH, the main factor that controls classical pathway319

activation and also play a role in the proteolysis. Studies have found a linear320

relationship between C1-INH and chronic inflammation, endothelial dysfunction, and321



12

cardiovascular disease[25]. It has been reported that C1-INH can reduce ApoE-\- mice322

serum TG level and limits neointimal plaque formation and inflammation[26]. In this323

study, high-fat diet significantly down regulated N-glycosylation modification level of324

Asn130, Asn225, Asn129, Asn188, Asn168, Asn220 of C1-INH, which may have an325

impact on the function of C1-INH. Surprisingly, Rb1 was able to reverse the326

down-regulation of these 12 sites, suggesting that Rb1 may play a therapeutic role by327

influencing the glycosylation of Alb and Serpinc1.328

Besides, we predicted the function of glycoproteins by performance of bioinformatic329

analysis. According to GO enrichment analysis results, it was found that three330

biological processes positive regulation of cholesterol efflux, cellular iron ion331

homeostasis and inflammatory response were closely related to lipid homeostasis.332

PON1 and Lrp1 were important proteins involved inpositive regulation of cholesterol333

efflux, their glycosylation level plays an important role in maintaining lipid334

homeostasis[27, 28]. PON1 is an antioxidant and anti-inflammatory glycoprotein335

from the paraoxonases family. It is mainly expressed in the liver and secreted to the336

bloodstream, where it binds to HDL-C. It can be an important determinant of HDL-C337

dysfunctionality[29]. The glycosylation of PON1 protein affects the normal function338

of PON1 protein and HDL-C. Marsillach et al have found that serum of patients with339

chronic liver disease and fatty liver patients carry a large amount of inactive PON1 in340

the HDL of the liver, and these PON1 proteins were highly glycosylated[30], which341

coincided with our study. In our study, it was found that the N-glycosylation level of342

PON1 protein in plasma of hyperlipidemic rats was up-regulated, and Ginsenoside343

can improve the high glycosylation level of PON1. Lrp1 is a multifunctional cell344

surface receptor and with diverse physiological roles, ranging from cellular uptake of345

lipoproteins and other cargo by endocytosis to sensor of the extracellular environment346

and integrator of a wide range of signaling mechanisms[28]. Lrp1 is also a member of347

the low density lipoprotein receptor family. All members of the LDLR family contain348

multiple N-linked glycosylation sites and are post-translationally modified by349

N-linked glycosylation. Petra May et al suggested a role for differential and350

tissue-specific glycosylation as a physiological switch that modulates the diverse351



13

biological functions of these receptors in a cell-type specific manner[31]. In our study,352

it was found that the N-glycosylation level of Lrp1 in plasma of hyperlipidemic rats353

was dwon-regulated, and Rb1 can improve the low glycosylation level of Lrp1.354

Cellular iron ion homeostasis interacts with lipid homeostasis[32, 33]. Physiological355

interaction of iron and lipid obstructs iron efflux and accelerates the lipid356

accumulation in macrophages during foam cell formation[34]. Ceruloplasmin (Cp)357

was significantly changed in the three comparison groups. Compared with CON, the358

glycosylation levels of Asn956, Asn756, Asn710 and Asn396 in HFD were359

significantly down-regulated, and the glycosylation levels of the 4 sites were reversed360

after Rb1 treatment. Cp has ferroxidase activity and is an important factor in cellular361

iron efflux. It has reported that Cp suppresses ferroptosis by regulating iron362

homeostasis[35]and was found to be downregulated in atherosclerotic plaques.363

Patients with central obesity have characteristically higher Cp serum levels, and that364

Cp concentrations were strongly correlated with serum TG and TC levels[36]. Akira365

et al found 7 N-glycosylation sites of ceruloplasin in human plasma[37]. This study366

might be a valuable supplement of CP glycoform at the level of experimental animals.367

In inflammatory response, we found a adipokine-Thrombospondin 1 (THBS1)[38].368

THBS1 is an extracellular matrix protein that interacts with a wide array of ligands369

including CD36 molecule[39]. A recent study found that THBS1 may play a role in370

inhibiting lipid oversynthesis by acting on CD36 receptors[40]. In these paper, we371

found Rb1 can reverse the upregulated glycosylation level of THBS1 in plasma of372

hyperlipidemia rats. Whether Rb1 affects the binding of THBS1 to the receptor by373

regulating N-glycosylation modification and thus regulates lipid homeostasis is a374

question that we need to continue to consider.375

KEGG pathway analyses showed that pathway-complement and coagulation cascades376

was the most significant enrichment pathway. The complement system is a part of the377

innate immune system and can be activated in inflammatory conditions.378

Hyperlipidemia itself increases the expression of some inflammatory factors[41] and379

also increases the risk of inflammatory diseases such as periodontitis and acute380
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pancreatitis[24, 42]. Argilés even found that administrating IL-1β to rats caused381

hyperlipidemia[43], suggesting that innate immune system and hyperlipidemia could382

influence each other. It has also reported that dyslipidemia activates the coagulation383

system[44]. In hyperlipidemia, the variation in lipid and lipoprotein levels can upset384

the balance between pro- and anticoagulant pathways, as well as provide a surface for385

the activation of procoagulation enzymatic complexes. In fact, the inflammatory and386

procoagulant reactions caused by hyperlipidemia are the key factors leading to the387

development of atherosclerosis. Therefore, our finding that the changes of protein388

N-glycosylation of proteins in complement and coagulation cascades pathway may be389

an important mechanism of hyperlipidemia causing inflammation and procoagulant390

response, and the reversal of some modifications by Rb1 suggests that it can improve391

these adverse effects of hyperlipidemia on organism.392

Limitations393

The limitation of our study is the deficiency of N-glycosylated antibody for further394

investigation.395

Conclusions396

This study presents a comprehensive analysis of a new set of N-glycoproteins which397

are altered by Rb1 and offers some valuable clues for novel mechanistic insights into398

the ragulative mechanism of Rb1. Results from N-glycoproteomic suggest that to399

suppress hyperlipidemia, Rb1 may regulates N-glycosylation of Alb, Serpinc1, PON1,400

Lrp1, Cp and THBS1, as well as differentially modified glycoproteins in complement401

and coagulation cascades, which in turn improve the imbalance of lipid homeostasis402

(Fig. 8).403

Figure Legends404

Figure.1 Effects of Rb1 on the serum levels of TC, TG, LDL-C and HDL-C in405

hyperlipidemia rats (n=8). CON: control group, HFD: high fat diet group, Rb1:406

HFD + Rb1 group. Data are presented as the mean ± standard deviation. **P<0.01 vs.407

CON. ##P<0.01 vs. HFD.408

Figure.2 Effects of Rb1 on histopathological examination by H&E and Oil red O409
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(200×) in hyperlipidemia rats. CON: control group, HFD: high fat diet group, Rb1:410

HFD + Rb1 group.411

Figure.3 Differential N-glycosylation sites and modified glycoproteins. (A)412

Venn-diagram of differential N-glycosylation sites. (B) Heatmap of differential413

N-glycosylation sites. (C) Venn-diagram of differential modified glycoproteins. (D)414

Heatmap of differential modified glycoproteins.415

Figure.4 Analyses of N-glycosylation sites distribution and amino acids motifs of416

the glycoproteome data. (A) Distribution of single and multiple N-glycosylation. (B)417

Heat map of motif enrichment of amino acids upstream and downstream of418

glycosylation modification sites. Red indicates significant enrichment of the amino419

acid near the modification site, while green indicates significant reduction of the420

amino acid near the modification site.421

Figure.5 GO analysis of differentially N-glycosylated modified proteins. (A) GO422

enrichment cycle diagram. All enriched term with p-value less than 0.05.(B) GO423

annotation in cellular components. (C) GO annotation in biological processes (D) GO424

annotation in molecular functions. Left Y-axis represented the enriched term; X-axis425

indicated gene percent.426

Figure.6 Mass spectrogram of PON1 and LRP1. (A) Mass spectrogram of PON1427

(Asn 41). (B) Mass spectrogram of LRP1(Asn 3090). (C) Mass spectrogram of428

LRP1(Asn 115).429

Figure.7 KEGG analysis of differentially N-glycosylated modified proteins. (A)430

KEGG pathway clusting analysis for differentially N-glycosylated modified sites.431

Group1: Rb1 vs HFD∩HFD vs CON, Group2: (HFD vs CON)∖ (Rb1 vs HFD),432

Group3: (Rb1 vs HFD)∖ (HFD vs CON). (B) Pathway-Complement and coagulation433

cascades by the KEGG pathway analysis. The proteins in blue represent are altered in434

N-glycosylation modification.435

Figure.8 The possible mechanism of Ginsenoside Rb1 regulating N-glycosylation436

of plasma protein in hyperlipidemia rats. The red and blue arrows indicate changes437

in the glycosylation modification level, red represents changes in the HFD group and438

blue represents changes in the Rb1 group.439
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Figures

Figure 1

Effects of Rb1 on the serum levels of TC, TG, LDL-C and HDL-C in hyperlipidemia rats (n=8). CON: control
group, HFD: high fat diet group, Rb1: HFD + Rb1 group. Data are presented as the mean ± standard
deviation. **P<0.01 vs. CON. ##P<0.01 vs. HFD.



Figure 2

Effects of Rb1 on histopathological examination by H&E and Oil red O (200×) in hyperlipidemia rats.
CON: control group, HFD: high fat diet group, Rb1: HFD + Rb1 group.



Figure 3

Differential N-glycosylation sites and modi�ed glycoproteins. (A) Venn-diagram of differential N-
glycosylation sites. (B) Heatmap of differential N-glycosylation sites. (C) Venn-diagram of differential
modi�ed glycoproteins. (D) Heatmap of differential modi�ed glycoproteins.



Figure 4

Analyses of N-glycosylation sites distribution and amino acids motifs of the glycoproteome data. (A)
Distribution of single and multiple N-glycosylation. (B) Heat map of motif enrichment of amino acids
upstream and downstream of glycosylation modi�cation sites. Red indicates signi�cant enrichment of
the amino acid near the modi�cation site, while green indicates signi�cant reduction of the amino acid
near the modi�cation site.



Figure 5

GO analysis of differentially N-glycosylated modi�ed proteins. (A) GO enrichment cycle diagram. All
enriched term with p-value less than 0.05.(B) GO annotation in cellular components. (C) GO annotation in
biological processes (D) GO annotation in molecular functions. Left Y-axis represented the enriched term;
X-axis indicated gene percent.



Figure 6

Mass spectrogram of PON1 and LRP1. (A) Mass spectrogram of PON1 (Asn 41). (B) Mass spectrogram
of LRP1(Asn 3090). (C) Mass spectrogram of LRP1(Asn 115).



Figure 7

KEGG analysis of differentially N-glycosylated modi�ed proteins. (A) KEGG pathway clusting analysis for
differentially N-glycosylated modi�ed sites. Group1: Rb1 vs HFDHFD vs CON, Group2: (HFD vs CON)
(Rb1 vs HFD), Group3: (Rb1 vs HFD) (HFD vs CON). (B) Pathway-Complement and coagulation
cascades by the KEGG pathway analysis. The proteins in blue represent are altered in N-glycosylation
modi�cation.



Figure 8

The possible mechanism of Ginsenoside Rb1 regulating N-glycosylation of plasma protein in
hyperlipidemia rats. The red and blue arrows indicate changes in the glycosylation modi�cation level, red
represents changes in the HFD group and blue represents changes in the Rb1 group.
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