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Supplementary Table 1. Demographic and clinical characteristics of human subjects 
 

 Warfarin Heparin (Low Molecular)  

 Diabetes Non-diabetes Diabetes Non-diabetes P value 

Number 13 14 13 13  

Sex (M/F) 6/7 6/8 6/7 7/6 ns 

Age (Y) 63.9 ± 3.2 64.6 ± 3 66.6 ± 4.6 66.5 ± 3.3 ns 

BMI (kg/m2) 28.6 ± 3.3 28.3 ± 2.9 27.5 ± 3.1 28.1 ± 2.6 ns 

FPG (mmol/L) 8.3 ± 1.1 5.2 ± 1.3 9.1 ± 1.6 5.51 ± 1.2 **** 

DD (Y) 19 ± 5 Non 21 ± 6 Non  

SBP (mmHg) 140.3 ± 28.9 139.5 ± 26.1 138.5 ± 24.4 136.7 ± 23.8 ns 

DBP (mmHg) 80.2 ± 16 82.5 ± 17 79.3 ± 15 81.6 ± 18 ns 

TC (mmol/L) 4.7 ± 0.85 5.1 ± 0.91 4.9 ± 0.94 5.2 ± 0.93 ns 

TG (mmol/L) 2.1 ± 1.3 1.9 ± 1.4 2.2 ± 1.2 1.8 ± 1.3 ns 

ALT (U/L) 25.3 ± 19.8 26.5 ± 20.2 24.9 ± 21.3 23.1 ± 18.9 ns 

CREA (μmol/L) 88.2 ± 13.5 89.5 ± 12.7 90.6 ± 11.2 91.3 ± 13.7 ns 

BT-INR 1.19 ± 0.09 1.25 ± 0.1 1.21 ± 0.11 1.30 ± 0.15 ns 

AT-INR 2.67 ± 0.11 3.43 ± 0.14 2.51 ± 0.12 2.63 ± 0.16 * 

 

Notes:  
BMI:  Body mass index; FPG: Fasting plasma glucose; DD: Diabetes duration; SBP: Systolic blood 
pressure; DBP: Diastolic blood pressure; TC: Total cholesterol; TG: Triglycerides; ALT: Alanine 
transaminase; CREA: Creatinine; BT-INR: INR of before treatment; AT-INR: INR of after treatment. 
The dose of warfarin is generally determined according to INR, it is targeted to an INR of range 2.0 to 
3.0 (1,2). In general, the doses of low molecular weight heparin was 5,000 unit intravenous bolus 
followed by 32,000 unit per 24 hours, and the dose was adjusted to maintain the APTT at 6 hours within 
the therapeutic range of 1.5 to 2.5 times control (3).  
 
Literatures 1-3: 
1.  January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/HRS guideline for the management of 
patients with atrial fibrillation: a report of the American College of Cardiology/American heart 
association task force on practice guidelines and the Heart Rhythm Society. Circulation 2014;130:e199-
e267. 
2. Nishimura RA, Otto CM, Bonow RO, Carabello BA, et al. 2017 AHA/ACC focused update of the 
2014 AHA/ACC guideline for the management of patients with valvular heart disease: a report of the 
American College of Cardiology/American heart association task force on clinical practice guidelines. J 
Am Coll Cardiol 2017;70:252-289. 
3. Hirsh J, Fuster V. Guide to anticoagulant therapy. Part 1: heparin. American Heart Association. 
Circulation 1994;89:1449-1468. 
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Supplementary Table 2. Summary of HSA glycation sites identified or quantified in previous in 
vivo studies 
 

Potential sites1 12 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

N-TERM                 
K4        √√*       
R10        √         
K12 √   √√  √√ √ √√* √ √√ √√    √ 
K20               
K41        √√        
K51     √√  √√* √√  √      √ 
K64     √√ √ √ √√* √√  √√* √√*  √√* √√* √ √ 
K73       √√* √√  √   √√* √√*  
R81                
K93       √ √√ √√     √√*  
R98        √        

K106        √√        
R114               
R117               
K136      √  √√  √ √√     
K137       √√ √√  √ √√ √√    √ √ 
R144        √√       
R145               
K159        √√  √ √√     
R160        √        
K162     √√  √√ √  √      √ 
K174     √√  √√* √ √√     √√*  
K181     √√  √√* √√  √√*   √√* √√*
R186               
K190       √  √ √√* √√*      √
K195        √√  √       
R197        √        
K199 √    √ √  √  √√*      √ √ 
K205       √ √√  √       
R209               
K212               
R218        √√         
R222               
K225       √  √√ √       
K233 √   √√ √ √ √√* √√  √√*   √√*  √  
K240       √  √√ √ √       
R257               
K262     √√  √ √√* √√  √   √√* √√* √ 



SUPPLEMENTARY DATA 

©2020 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db19-0738/-/DC1 

K274       √ √√ √√  √      √ √ 
K276     √√ √  √  √      √
K281 √     √  √         
K286        √         
K313               
K317 √    √ √  √  √√*      √  
K323       √  √√         
R336        √√       
R337                
R348               
K351 √   √√  √ √√  √ √√*     √ 
K359     √√  √√* √√     √√*  
K372       √  √ √√ √√*       
K378     √√  √ √√* √√  √   √√* √√* √  
K389      √  √√        
K402        √√         
R410                
K413       √  √√         
K414     √√  √√ √√ √ √√* √√ √√*   
R428        √        
K432       √  √ √√  √√*      √ 
K436        √√  √      
K439 √    √  √√         
K444        √√         
R445                
K466        √√   √√*     
R472        √√        
K475     √√  √ √√ √√  √      
R484        √        
R485        √        
K500        √√        
K519        √√         
R521               
K524               
K525 √ √ √√ √ √ √√ √√  √ √√* √√ √√*  √ √ 
K534 √    √         √  
K536               
K538         √√*       
K541               
K545     √√  √ √√ √  √   √√*  √ 
K557       √ √√* √        
K560        √  √      
K564       √  √         
K573        √√  √      
K574       √ √√ √  √   √√* √√* √ 

Total glycation 
sites 

9 1 16 10 24 22 23 35 8 32 9 4 13 6 16 8 
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√ - Glycation sites that were identified in literatures 
√√ - Glycation sites that were quantified in literatures  

√√* - Glycation sites that were quantified with significant differences between healthy and diabetic 
subjects 

 

Notes:  
1There are 84 potential glycation sites on HSA. 
2The serial numbers 1-16 represent 16 literatures of previous in vivo study. The tick mark represents that 
the site was identified in corresponding literatures; double tick mark represents that the site was 
quantified; asterisk represents that the site was significantly different between healthy subjects and 
diabetic patients. 
Literatures 1-16: 
1. Iberg N, Flückiger R. Nonenzymatic glycosylation of albumin in vivo. Identification of multiple 
glycosylated sites. J Biol Chem 1986;261:13542-5. 
2. Garlick RL, Mazer JS. The principal site of nonenzymatic glycosylation of human serum albumin in 
vivo. J Biol Chem 1983;258:6142-6. 
3. Frolov A, Hoffmann R. Identification and relative quantification of specific glycation sites in human 
serum albumin. Anal Bioanal Chem 2010;397:2349-56. 
4. Kisugi R, Kouzuma T, Yamamoto T, Akizuki S, Miyamoto H, Someya Y, Yokoyama J, Abe I, Hirai N, 
Ohnishi A. Structural and glycation site changes of albumin in diabetic patient with very high glycated 
albumin. Clin Chim Acta 2007;382:59-64. 
5. Bai X, Wang Z, Huang C, Wang Z, Chi L. Investigation of non-enzymatic glycosylation of human 
serum albumin using ion trap-time of flight mass spectrometry. Molecules 2012;17:8782-94. 
6. Frolov A, Blüher M, Hoffmann R. Glycation sites of human plasma proteins are affected to different 
extents by hyperglycemic conditions in type 2 diabetes mellitus. Anal Bioanal Chem 2014;406:5755-63. 
7. Anguizola J, Joseph KS, Barnaby OS, Matsuda R, Alvarado G, Clarke W, Clarke RL, Hage DS. 
Development of affinity microcolumns for drug-protein binding studies in personalized medicine: 
Interactions of sulfonylurea drugs with in vivo glycated human serum albumin. Anal Chem 
2013;85:4453-60. 
8. Priego-Capote F, Scherl A, Müller M, Waridel P, Lisacek F, Sanchez JC. Glycation isotopic labeling 
with 13C-reducing sugars for quantitative analysis of glycated proteins in human plasma. Mol Cell 
Proteomics 2010;9:579-92. 
9. Zhang M, Xu W, Deng YL. A new strategy for early diagnosis of type 2 diabetes by standard-free, 
label-free LC-MS/MS quantification of glycated peptides. Diabetes 2013;62:3936-42. 
10. Zhang Q, Tang N, Schepmoes AA, Phillips LS, Smith RD, Smith TO. Proteomic profiling of 
nonenzymatically glycated proteins in human plasma and erythrocyte membranes. J Proteome Res 
2008;7:2025-32. 
11. Korwar AM, Vannuruswamy G, Jagadeeshaprasad MG, Jayaramaiah RH, Bhat S, Regin BS, 
Ramaswamy S, Giri AP, Mohan V, Balasubramanyam M, Kulkarni MJ. Development of diagnostic 
fragment ion library for glycated peptides of human serum albumin: targeted quantification in 
prediabetic, diabetic, and microalbuminuria plasma by parallel reaction monitoring, SWATH, and MSE. 
Mol Cell Proteomics 2015;14:2150-9. 
12. Brede C, Hop B, Jørgensen K, Skadberg Ø. Measurement of glycated albumin in serum and plasma 
by LC-MS/MS. Scand J Clin Lab Invest 2016;76:195-201. 
13. Spiller S, Li Y, Blüher M, Welch L, Hoffmann R. Glycated lysine-141 in haptoglobin improves the 
diagnostic accuracy for type 2 diabetes mellitus in combination with glycated hemoglobin HbA1c and 
fasting plasma glucose. Clin Proteomics 2017;14:10. 
14. Barzegar A, Moosavi-movahedi AA, Sattarahmady N, Hosseinpour-Faizi MA, Aminbakhsh M, 
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Ahmad F, Saboury AA, Ganjali MR, Norouzi P. Spectroscopic studies of the effects of glycation of 
human serum albumin on L-Trp binding. Protein Pept Lett 2007;14:13-8. 
15. Miyamoto H, Kohzuma T, Ohnishi A. Changes in the albumin glycation site, plasma pentosidine and 
esRAGE concentrations before and after intensive diabetic treatment in patients with abnormally high 
glycated albumin levels. Ann Clin Biochem 2018;55:84-91. 
16. Greifenhagen U, Frolov A, Blüher M, Hoffmann R. Plasma proteins modified by advanced glycation 
end products (AGEs) reveal site-specific susceptibilities to glycemic control in patients with type 2 
diabetes. J Biol Chem 2016;291:9610-6. 
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Supplementary Table 3. The contribution of each site glycation on warfarin binding  
 

Sites Kd (μM) 
Fold change in affinity 

after glycation  
Fold change in glycation 

during diabetes  
Multiply the fold of affinity change after glycation 

by fold of glycation change during diabetes 
K199 1.72 2.03 1.77 3.59 
K233 2.43 1.43 1.25 1.79 
K414 3.27 1.06 2.00 2.12 

K262 2.79 1.25 1.45 1.81 
K475 2.78 1.25 1.46 1.83 
K402 3.61 -1.03 1.33 -1.37 

K162 4.47 -1.28 1.54 -1.97 
K436 3.91 -1.12 1.51 -1.69 
K439 3.93 -1.13 1.52 -1.72 

Net effect 4.39 
Net effect excluding K199 0.79 

 

Notes: 
The Kd values were calculated from the modeling simulation. 
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Supplementary Figure 1. Structure of warfarin, enoxaparin and a heparin octasaccharide. (A) 
Structure of warfarin. (B) Structure of enoxaparin sodium. (C) Structure of a heparin octasaccharide.  
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Supplementary Figure 2. The workflow of qualitative and quantitative analysis of HSA glycation 
sites. (A) Workflow for the identification of glycation sites in diabetic patients and healthy subjects. (B) 
Workflow for the quantitative comparison of glycation sites between diabetic patients and healthy 
subjects. 
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Supplementary Figure 3. Confirmation of glycation site K545 using ETD-MS/MS. ETD 
fragmentation of the parent-ion of peptide E542QLKGlcAVMDDFAAFVEK557 (m/z 668.33, +3 charge) 
resulted in peptide bonds breakage, which generated a series of fragment ions with the glucose moiety 
attached. Two pairs of fragment ions, c3 and c4 + Glc, z12 + 1 and z13 + Glc + 1, confirmed that the 
glucose was attached at K545. 
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Supplementary Figure 4. Distribution of identified glycation sites on the tertiary structure of HSA. 
HSA was visualized in the views of “surface” in figure A-F and “ribbon structure” in figure G-L. In 
figure A-F, domain I, II, and III of HSA were colored by magenta, green and cyan, the major binding 
regions subdomain IIA and IIIA were colored by palecyan and limon, and glycation sites identified in 
current study were colored by salmon. In figure G-L, the HSA backbone was colored by cyan and 
glycation sites identified in current study were shown by sticks, the residue K199 was colored by blue. 
(A) The front side of HSA in the view of surface. (B) The top side of HSA in the view of surface. (C) 
The back side of HSA in the view of surface. (D) The left side of HSA in the view of surface. (E) The 
bottom side of HSA in the view of surface. (F) The right side of HSA in the view of surface. (G) The 
front side of HSA in ribbon structure. (H) The top side of HSA in ribbon structure. (I) The back side of 
HSA in ribbon structure. (J) The left side of HSA in ribbon structure. (K) The bottom side of HSA in 
ribbon structure. (L) The right side of HSA in ribbon structure. 
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Supplementary Figure 5. nLC-MS/MS-MRM analysis of 12 glycation sites in plasma from diabetic 
patients and healthy subjects.  
The amount of glycation at each glycation site was analyzed for healthy subjects (n = 15) and diabetic 
patients (n = 14), the statistical differences were analyzed using an unpaired t-test with a 95% 
confidence interval. 
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Supplementary Figure 6. Saturating binding study for warfarin 
Free drug levels of warfarin after incubation for 1 min, 5 min, 10 min, 20 min, 30 min and 60 min with 
freshly collected plasma from diabetic patients (n = 5) and healthy subjects (n = 5). Data were presented 
as mean ± SD. 
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Supplementary Figure 7. Profiles of intact human and rat serum albumins and their glycated 
forms. (A) The deconvoluted MS spectra of HSA from healthy and diabetic subjects. The molecular 
weight of HSA was about 66,437 Da, while gHSA were approximately 66,601 Da (attaching one glucose 
molecule) or 66,761 Da (attaching two glucose molecules). The peak at 66,556 Da represents the 
cysteinyl adducted HSA. The percentage of gHSA was calculated from the intensity ratio of gHSA to 
total HSA. gHSA accounted for 15.28% in diabetic patients while it was 5.22% in healthy subjects. (B) 
The deconvoluted MS spectra of albumin from normal and diabetic rats. The molecular weight of rat 
serum albumin (RSA) was approximately 65,872 Da, while its glycated form with one glucose molecule 
was 66,034 Da. The peak 65,990 Da represents the cysteinyl adducted RSA. The glycated RSA 
accounted for 16.96% in diabetic rats while it was 5.74% in normal rats. 
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Supplementary Figure 8. Total warfarin in plasma from diabetic and healthy rats 
Total concentration of warfarin at different time points were compared between diabetic rats (n = 3) and 
normal rats (n = 3). Data were presented as mean ± SD. 
 

 


