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High-density lipoprotein (HDL) carbamylation has been known in uremia patients.

Paraoxonase-1 (PON-1) is an important HDL protein responsible for HDL anti-oxidant,

arylesterase and lactonase activities. PON-1 carbamylation in uremic HDL has never

been explored. We isolated HDL from uremia patients and control healthy subjects for

study. Sandwich ELISA was used to estimate carbamylated PON-1 protein expression in

HDL, and nanoflow liquid chromatography-tandem mass spectrometry (nanoLC-MS/MS)

was applied to identify the amino acid in PON-1 carbamylated. PON-1 enzyme activities

were estimated by substrates conversion method. HDL anti-oxidant activity was gauged by

fluorescence changes of indicator dye in the presence of H2O2. Our study results proved

that the degree of PON-1 carbamylation was higher in uremic HDL than in control HDL.

Sandwich ELISA study showed that carbamylated PON-1 concentration in uremic HDL was

1.49 ± 0.08 fold higher than that in HDL from controls (p < 0.05). The nanoLC-MS/MS

showed that the carbamylation of lysine 290 (K290) of PON-1, a residue adjacent to PON-

1 activity determining site, was detected in uremic HDL but not detected in control HDL.

K290 carbamylation leads to local conformation changes that reduce accessible solvent

accessibility. The HDL paraoxonase, arylesterase, and lactonase activities were all signifi-

cantly lower in uremia patients than in control subjects. Additionally, HDL anti-

antioxidant ability was also lower in uremia patients. Carbamylation of PON-1 in uremia

patients could be one of the factors in impairing PON-1 enzyme activities and HDL anti-

oxidation function.
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1. Introduction

Uremia is a risk factor of cardiovascular disease. The inci-

dence of atherosclerotic coronary artery disease (CAD) of

uremia patients is much higher than that of general popu-

lation after adjustment of conventional risk factors [1].

High-density lipoprotein (HDL) is a complex made up of half

protein and half lipid, with apoliporotein A1 (ApoA1), apo-

liporotein A2 and other apolipoproteins being the major

protein component. HDL also contains some HDL-

associated enzymes such as paraoxonase-1 (PON-1), which

is important for HDL function [2]. Studies have shown that

HDL is the main plasma anti-atherosclerosis lipoprotein,

which possesses anti-oxidative, anti-inflammation, anti-

platelet, and endothelial protection effects [3,4]. The anti-

atherosclerosis effect of HDL comes largely from its

reverse cholesterol transport (RCT) effect, a process mobi-

lizing cholesterol from macrophage or peripheral tissue to

liver for biliary excretion [5]. HDL dysfunction has been

postulated as a possible pathogenic cause of CAD in he-

modialysis patients [6]. HDL composition and function are

altered in uremic milieu and RCT is compromised in HDL of

uremia patients [7].

PON-1 belongs to the paraoxonase enzyme family, which

also includes PON-2 and PON-3. Previous studies have shown

that PON-1 is a calcium-dependent enzyme with a wild range

of substrates such as paraoxon and phenylacetate [8], and

PON-1 also has arylesterase or lactonase activities [9]. Human

PON-1 is 355 amino acids in length with a molecular weight of

43 kDa [10]. The architecture of PON-1 is a six-bladed b-pro-

peller with 3 helices and is folded into a velcro closure. There

is an active site lid for HDL binding and a central tunnel with 2

calcium ions. One calcium involves in catalytic function and

the other is important for structural stability [11].

PON-1 is also essential for the anti-oxidation function of

HDL [12]. PON-1 knockout mice showed increased lipopro-

tein peroxidation [13]. HDL isolated from PON-1 transgenic

mice was more protective than HDL of control wild type

littermate from oxidation by oxidized LDL [14,15]. In human

study, PON-1 gene polymorphism can affect PON-1 blood

level and its enzyme catalytic activities [15]. Through the

inhibition of HDL oxidation, PON-1 can help preserve RCT

activity and decrease the risk of atherosclerosis [16]. On the

contrary, decreased PON-1 activity is associated with

atherosclerosis [17,18].

Serum PON-1 activity has been known to decrease in ure-

mia patients [19,20]. The mechanism of decreased PON-1 ac-

tivity in uremia patients is still not clear. Taking the fact that

PON-1 activity of uremia patients can increase after hemodi-

alysis treatment [19], blood soluble substance removed by

hemodialysis may affect PON-1 activity.
Protein carbamylation is a post-translational modification

commonly seen in uremia patients [15]. Urea in the uremic

blood degrades into cynate and isocynate. The electrophilic

pair of cynate and isocynate will react with nucleophilic

amino acid such as lysine (k) to induce protein carbamylation,

which impairs protein function [15].

HDL of uremia patients is carbamylated and associated

with cardiovascular mortality [7]. Most of the previous studies

found that ApoA1 can be carbamylated in human HDL or in

recombinant ApoA1 [21,22]. Chemically-induced carbamy-

lated HDL also presented a reduced PON-1 activity when

compared with native HDL isolated fromhealthy subjects [21].

However, to the best of our knowledge, there is no study

reporting the existence of carbamylated PON-1 protein in

uremia patients.

As the blood urea level in uremia patients is higher than in

healthy subjects, we suppose PON-1 can be carbamylated in

uremia patients. In the present study, we used western blot,

ELISA and nanoLC-MS/MS methods to show high degree of

carbamylation of PON-1 in uremia patients and identify its

carbamylated site on sequence. The impaired biofunctions

based on carbamylated PON-1 were also investigated.
2. Material and methods

2.1. Patients

Sixteen uremia patients on maintenance hemodialysis over 6

months and 16 age- and sex-matched healthy control subjects

were enrolled in this study. All these uremia patients received

a 4-h session trice weekly hemodialysis therapy. The dialysis

doses of all these patients obtained were above the recom-

mended urea reduction ratio of 65% per hemodialysis treat-

ment session [23]. We excluded patients with serum high

sensitive C-reactive protein (HS-CRP) above reference level

(0.8 mg/dl) and we also excluded smokers and diabetes pa-

tients. Venous blood was collected from all study subjects

after fasting and, for uremia patients, before hemodialysis

treatment. All patients signed written informed consent

before blood sampling. The study protocols were reviewed

and approved by China Medical University & Hospital

Research Ethics Committee (Reference number: CMUH102-

REC3-142), and the study began only after getting study

approval.

2.2. Western blotting

HDL was isolated by ultracentrifugation as we previously

described [2]. The isolated HDL was electrophoresis by 10%

SDS gels for 1.5 h. The gels were then transferred to a poly-

vinylidene difluoride (PVDF) membrane and blocked with 5%

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table 1 e Demographic data of uremia patients and
control healthy subjects.

Control (16) Uremia (16) p-value

Male: Female (Number) 10:6 12:4 0.704

Age (years) 53.8 ± 3.1 55.8 ± 1.9 0.527

BMI (Kg/m2) 22.3 ± 0.3 22.2 ± 0.5 0.917

BUN (mg/dl) 17 ± 0.6 66.9 ± 5.4 <0.001
Creatinine (mg/dl) 0.7 ± 0.1 10.5 ± 0.6 <0.001
HS-CRP (mg/dl)a 0.10 ± 0.01 0.45 ± 0.05 <0.001
Total Cholesterol (mg/dl) 163.7 ± 7.8 183.4 ± 5.8 0.052

Triglyceride (mg/dl) 79.6 ± 9.9 161.5 ± 15.1 <0.001
HDL-c (mg/dl) 56.6 ± 2.2 38.6 ± 2.1 <0.001
LDL-c (mg/dl) 90.6 ± 5.1 98.2 ± 5.5 0321

Paraoxonase activity

(nmol/min/100 mg)

694 ± 23 517 ± 18 <0.001

Arylesterase activity

(mmol/min/50 mg)

194 ± 6 118 ± 5 <0.001

Lactonase activity

(mmol/min/20 mg)

107 ± 4 81 ± 3 <0.001

BMI, body mass index; BUN, blood urea nitrogen; HS-CRP, high

sensitive C-reactive protein; HDL-c, high-density lipoprotein-

cholesterol; LDL-c, low-density lipoprotein-cholesterol.
a Reference level of HS-CRP, (<0.8 mg/dl).
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nonfat drymilk in Tris-buffered saline containing 0.1% Tween

20. Immunoblotting was conducted by incubating the mem-

branes with antibodies (1:1000) PON-1 (GeneTex, Irvine, CA,

USA) overnight followed by incubating with an anti-rabbit

secondary antibody for 1 h. The blots were developed using

electrochemiluminescence regents (Millipore) and analyzed

using densitometry.

2.3. Immunoprecipitation

HDL protein (1 mg) and 5 ml anti-carbamyl antibody (anti-

CBL) (Academy Bio-medical Co., Houston, USA) were incu-

bated in buffer A solution (0.02 M Tris-HCl, 0.5 mM EDTA,

pH ¼ 8) at 4 �C overnight. Dynabeads (Sigma, Invitrogen)

(30 ml) were added in the solution and incubated for another

4 h at 4 �C. The beads were then precipitated after centrifuge

at 3000 rpm for 5 min and washed with 1 ml buffer A solu-

tion for 3 times. Sample buffer (50 ml) were added in the

precipitate and incubated 5 min at 4 �C for denature. Sam-

ples were subjected to SDS gel electrophoresis and western

blotting study.

2.4. Sandwich ELISA

Anti-carbamyl antibody was placed in 100 ml coating buffer B

(Invitrogen) finally diluted to 1:250 in a 96-well plate at 4 �C
overnight. The plate was then washed with 200 ml wash buffer

2 times. HDL was mixed in assay buffer for 2 h and then

washed 5 times followed by incubation with 100 ml HRP-

conjugated anti-human PON-1 (1:1000) in assay buffer for

one hour. After 5 wash cycles, 100 ml TMB (3,30,5,50-Tetrame-

thylbenzidine) was added for 30 min and 100 ml stop solution

was added thereafter. The signals were monitored using a

microplate reader at OD 450 nm.

2.5. In gel digestion

PON-1 bands were excised from SDS gel, cut into small pieces

and washed twice with 25 mM ammonium bicarbonate (ABC)

solution containing 50% acetonitrile for 15 min. Gel pieces

were then dehydrated, reduced, alkylated and digested with

trypsin (1:50 trypsin to protein ratio inweight) at 4 �C. Digested

peptideswere extracted from the gel using 0.1% trifluoroacetic

acid (TFA) in 50% acetonitrile [4]. The digested peptides were

then purified by Zip-Tip (Milipore, Billerica, Massachusetts,

USA).

2.6. NanoLC-MS/MS

The NanoLC-MS/MS was performed with a nanoflow UPLC

system (Ultimate 3000, RSLCnano system, Dionex, Amster-

dam, Netherland) coupled with coupled with a captive spray

ion source and a Q-TOF mass spectrometer (maXis impact II,

Bruker). The samples were injected into a tunnel frit trap

column (C18, 5 mC, 100�A, packed length of 2 cm, 375 m od� 180

m� id) [2] with a flow rate of 10 ml/min and then separated by

an analytical column (Acclaim PepMap C18, 2 mm, 100 �A,

75 mm � 250 mm, Thermo Scientific, USA) with a flow rate of

300 nl/min. A gradient elution of 5% ACN (0.1% FA) to 35% ACN

(0.1%) within 80 min was used for peptide separation. Eight
precursors of charge þ2, þ3 and þ4 from each TOF-MS scan

(400e2000m/z) were dynamically selected and isolated forMS/

MS fragment ion scan (50e2000m/z). Selected precursors were

then actively excluded for 20 s. MS and MS/MS accumulation

were set at 1 and 2 Hz.

2.7. Protein database search

The nanoLCeMS/MS spectra were processed and converted

into xml files using DataAnalysis (version 4.1, Bruker). The xml

files were searched against the Swissprot (release 51.0) data-

base using MASCOT (version 2.2.07). The search parameters

for MASCOT for precursor ion and fragment ion tolerance

were 50 ppm and 0.05 Da, respectively. Search parameters

were selected as Taxonomy-Human; missed cleavages-2;

enzyme-trypsin; fixed modifications-carbamidomethyl (C);

variable modifications-oxidation (M), deamidation and car-

bamyl (K). To give a better sensitivity for the peptide identifi-

cation in MASCOT database search, individual peptide

matches with scores above 25 were considered statistically

significant.

2.8. Structural remodeling

To know the structural remodeling after PON-1 carbamyla-

tion, we used the crystal structure of Serum Paraoxonase

(PDB ID:1v04, Resolution 2.2 �A) as a template for modeling

the amino acid substitution. Mutagenesis was performed by

using Pymol to choose the most common rotamer that did

not cause clashes at position 290 for lysine (Lys 290 or K290)

and carbamylated lysine (LysC) [24]. Simultaneously, these

structures were analyzed for the polar contacts, hydrogen

bonds and surface area changes. To calculate the differences

parameters, we applied DSSP (or Stride) to calculate the

accessible solvent accessibility (ASA) for each residue [25].

https://doi.org/10.1016/j.jfda.2018.09.007
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Therefore, using the silico virtual screening approaches can

help to identify the local conformational structure upon

mutations.

2.9. PON-1 enzyme activity assays

PON-1 paraoxonase activity was measured by the conver-

sion of paraoxon to p-nitrophenol, which can be moni-

tored by the change in absorbance at 405 nm. HDL (100 mg)

was added into 200 ml assay solution containing 1 mM

paraoxon, 2 mM CaCl2, and 100 mM Tris at pH8.0. The

assay was done on a plate reader with readings at 405 nm

to generate a kinetic plot and the slope was determined.

An extinction coefficient of 17,000 M/cm was used to

calculate paraoxonase activity. PON-1 arylesterase activity

was gauged by monitoring the rate of hydrolysis of phenyl

acetate into phenol at 270 nm using microplate reader.

HDL 50 mg was added in 200 ml solution containing 10 mM

phenyl acetate, 2 mM CaCl2, and 50 mM Tris-HCl at pH

8.0. Arylesterase enzyme activity was calculated with an

extinction coefficient of 1310 M/cm. Lactonase activity was

measured in 20 mg HDL by using 1 mM 2-coumaranone as

substrates and computed with the formation of 2-

hydroxyphenyl acetic acid (2-HPAA) with an extinction

coefficient of 876 M/cm.

2.10. HDL anti-oxidative stress effect

DCFH-DA (Invitrogen) dye, highly fluorescent in the presence

of oxidants [26], was used to determine the anti-oxidative

stress of PON-1. RAW264.7 cells were grown in 96-well cul-

ture plates overnight, and 50 mg/mL of HDL and 100 mM DCFH-

DA were added to the medium and incubated at 37 �C for

60 min. H2O2 (10mM) was then added, and the fluorescence of

each well was measured at 480 nm/530 nm every minute for

60 min by using a microplate reader. All the studies were run

in triplicate.
Fig. 1 e PON-1 concentration decreased but carbamylated PON-

Western blotting studies of HDL showed that (A) PON-1 concentr

was higher in uremia patients (n ¼ 6) than in control subjects (
2.11. Statistical analysis

IBM®SPSS® Statistics version 21 for Macintosh was used for

statistical analysis. Data was presented as mean ± SEM

(standard error mean). A t-test was used to compare the dif-

ference of mean values between uremia patients and control

subjects. A p-value of <0.05 was deemed significant.
3. Results

3.1. Demographic results

Both groups were sex- and age-matched. BMI (body mass

index), serum cholesterol and low-density lipoprotein-c (LDL-

c) were not different between groups. BUN and serum creati-

nine were higher in uremia group. Mean serumHS-CRP levels,

although higher in uremia patients, were within normal

reference range in both groups. Serum triglyceride was

significantly higher and HDL-c was statistically lower in ure-

mia patients than in control subjects. HDL enzyme activities

such as Paraoxonase, Arylesterase, and Lactonase activities

from equal amount of HDL were all lower in uremia patients

than in control healthy subjects (Table 1).

3.2. Uremia cohort has a lower PON-1 protein level but a
higher carbamylated PON-1 level in HDL

Equal amount of HDL proteins from control subjects or uremia

patients were subjected to SDS/PAGE and then blotted with

anti-PON-1 antibody. Resulting blots showed that the PON-1

protein level in HDL of uremia patients was only 0.48 ± 0.21

fold of that in HDL of healthy subjects (n ¼ 6, p < 0.001)

(Fig. 1A). However, when HDL protein was subjected to SDS-

PAGE and blotted with anti-CBL, the level of carbamylated

PON-1 protein in HDL of uremia patients was 2.69 ± 0.27 fold

higher than that in HDL of control subjects (n ¼ 6, p < 0.001)
1 concentration increased in HDL of uremia patients.

ation was lower, but (B) carbamylated PON-1 concentration

n ¼ 6). ***, p < 0.001.
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(Fig. 1B). Because uremia cohort has lower PON-1 protein level

but higher carbamylated PON-1 level in HDL, the carbamy-

lated degree of PON-1 is significantly higher in uremia patients

than in control subjects.

3.3. Co-immune-precipitation and ELISA studies showed
highly carbamylated PON-1 in HDL of uremia group

We first immune-precipitated carbamylated proteins in HDL

and then blotted precipitated proteins with PON-1 antibody.

The carbamylated PON-1 expression was higher in HDL of

uremia patients than in control group (Fig. 2A). In a reverse

approach, PON-1 was first immune-precipitated and the

precipitated proteins were later blotted with anti-carbamyl

antibody. Similarly, the carbamylated PON-1 protein expres-

sion amount was higher in uremia patients then in control

subjects (Fig. 2B). We further confirmed the immune-
Fig. 2 e PON-1 carbamylation increased in uremia patients.

(A) Immune precipitated carbamylated HDL proteins then

blotted the precipitated proteins with anti-PON-1 antibody

revealed a higher density of carbamylated PON-1 in uremia

patients than in control subjects. (B) Immune precipitated

PON-1 from HDL then blotted the precipitated PON-1 with

anti-carbamyl antibody (anti-CBL) showed a higher

concentration of carbamylated PON-1 in uremia patients

than in control subjects. (C) Sandwich study of

carbamylated PON-1 showed the concentration of

carbamylated PON-1 in HDL was higher in uremia patients

(n ¼ 16) than in control subjects (n ¼ 16). *,p < 0.05.
precipitation study results with sandwich ELISA method,

which showed that the concentration of carbamylated PON-1

was 1.49 ± 0.08 fold higher in uremia patients than in control

subjects (n ¼ 16, p < 0.05) (Fig. 2C).

3.4. Identification of carbamylated sites of PON-1 using
nanoLC-MS/MS

In order to identify the carbamylated sites of PON-1, we

separated HDL proteins by SDS-PAGE. PON-1 band was

excised and trypsin digested, followed by peptide extraction

and nanoLC-MS/MS analysis. The sequence coverage of PON-

1 from uremic PON-1 and normal PON-1 was 76.1%

(Supplementary Table 1) and 57.5% (Supplementary Table 2),

respectively. There is only one carbamylatedmodification on

lysine (K290) of uremic PON-1, and there is no detectable

carbamylated modification on normal PON-1. A MS/MS

ion spectrum showed that a carbamylated peptide

of (SLDFNTLVDNISVDPETGDLWVGC(carbamidomethyl)

HPN(deamidated)GMK(carbamyl)290, [Mþ3H]3þ ¼ 1125.5 Da)

from PON-1 was identified (Fig. 3).

3.5. Local conformational changes

Within the range of 4 �A as a distance cutoff, all of the resi-

dues were selected and analyzed including the polar con-

tacts and hydrogen bonds formations. The fundamental

differences between the neighboring residues in the Lys290

(lysine 290 or K290) and LysC290 (Carbamylated lysine 290)

protein were shown as in Fig. 4. Firstly, the potency of

LysC290 (Fig. 4B) than Lys290 (Fig. 4A) is likely due to addi-

tional polar contact to Asn298 (asparagine 298), Pro299

(proline 299) and Asn324 (asparagine 324). Then, the elon-

gation of side chain groups in LysC290 leads to an increase of

the accessible solvent accessibility (ASA) about 11 �A2. At the

same time, the surrounding residues, G33/V34/N298/P299/

G301/N324 decrease the total ASA about 45 �A2, mainly

because of the contributions from Asn298 and Asn324 resi-

dues that decrease the ASA about 29 �A2 (Supplementary

Table 3). Therefore, this carbamylated Lysine may lead to

the remarkable local conformational changes that reduce

surface area, affect tertiary structure and result in the for-

mation of interchain bonding.

3.6. The HDL anti-oxidant ability was lower in uremia
patients

PON-1 is the major enzyme responsible for anti-oxidant ac-

tivity of HDL. To determine the anti-oxidant ability of HDL, an

assay by measuring the fluorescent yield of DCFH-DA was

used. When RAW264.7 was treated with 10 mM H2O2, which

served as positive control, the fluorescence increased to

11.0 ± 0.7 fold, compared to the fluorescence of negative

control of PBS-treatment group (Fig. 5). When RAW264.6 cells

treated with 10 mM H2O2 were added with HDL isolated from

uremia or control subjects, the fluorescence decreased to

7.4 ± 0.6 fold and 5.7 ± 0.4 fold, respectively (uremia vs control,

p < 0.01). These results may indicate that the anti-oxidant

ability of PON-1 was lower in HDL of uremia patients than in

HDL of control subjects.

https://doi.org/10.1016/j.jfda.2018.09.007
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Fig. 3 e Identification of the carbamylated peptide on PON-1 by nanoLC-MS/MS analysis. The peptide peak of 1125.5 m/z

([Mþ3H]3þ) was identified as peptide sequence of SLDFNTLVDNISVDPETGDLWVGCHPNGMK with modifications at C284

(carbamidomethylation), N287 (deamidation) and K290 (carbamylation) with Mascot ion score of 52.4. K represents lysine.
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4. Discussion

In this study, based on western blotting, immuneprecipita-

tion, and ELISA results, PON-1 quantity is found to be lower-

expressed but highly carbamylated in uremia patients than

in control subjects. K290 site of PON-1 sequence is carbamy-

lated in uremia subjects based on nanoLC-MS/MS analysis. It

has been reported that carbamylation at lysine is at higher

frequency when lysine is adjacent to G (glycine), A (alanine)

and I (isoleucine), than adjacent to other amino acids [27,28].

In PON-1, K290 (Lys 290) is adjacent to I 291; also, K290 is in an

exposed feature rather than in a centrally buried position and

can access to isocyanate [11]. The detection of K290 carba-

mylation only in uremia subjects but not in control subjects by

nano-LC/MS/MSmay further indicate that the degree of PON-1

carbamylation is significantly higher in uremia patients than

in control subjects.

The association between PON-1 carbamylation and PON-1

activity changes is still not clear. However, K290 is adjacent

to PON-1 activity determine site of IFF(291e293). Point muta-

tion of the individual site at I291 or F293 has been proved to

result in changes of PON-1 phosphesterase, lactonase or

esterase activities [11]. K290 (Lys290) carbamylation results in

local conformation changes, which lead to a reduced surface

area and a decrease of solvent accessibility or enzyme sub-

strate accessibility. Our results also showed decreased activ-

ities of paraoxonase, arylesterase and lactonase in uremia

patients. It is possible that carbamylation of K290may disrupt

the stereo structure that can influence the activity or substrate

accessibility of PON-1, similar to negative effect brings from

IFF (291e293) mutation.

Paraxonase is the enzyme responsible for the hydrolysis of

many organophosphate compounds such as paraxon. Ary-

lesterase is responsible for the hydrolysis carboxylic esters
such as phenyl acetate. Lactonase is responsible for hydrolysis

of many esters such as thiolactone. The impairment of these

enzyme activities may lead to defect in the metabolism of

these PON-1 substrates [8,29]. For example, decreased PON-1

lactonase activity can diminish homocysteine-thiolactone

degradation and results in its accumulation, which pro-

motes incorporation of homocysteine into proteins and sub-

sequently alters protein structure and functions [30].

As PON-1 is also a strong anti-oxidant enzyme, PON-1

dysfunction may contribute to the lower anti-oxidant ability

of HDL in uremia patients. Furthermore, a lower HDL PON-1

quantity and an impaired HDL PON-1 bio-functions based on

carbamylation on HDL may increase the high cardiovascular

risk seen in uremia patients.

To avoid factors that may affect carbamylation formation,

patients with known co-morbid risk factors of protein carba-

mylation such as smoking and diabetes were excluded from

the study [31,32]. To minimize the possible effect of systemic

inflammation on carbamylation, we also included only ure-

mia patients with serum HS-CRP within the recommended

normal reference ranges, although themeanHS-CRP level was

higher in uremia than in control subjects. Soluble substance in

uremic blood, especially blood urea nitrogen (BUN), plays an

important role in the process of protein carbamylation [32].

BUN in the presence of oxidative stress and uremia-associated

high myeloperoxidase activity will non-enzymatically cata-

lyze carbamylation formation [7]. Although all the uremia

subjects we enrolled for study received hemodialysis therapy,

their PON-1 activities were still lower than those of healthy

controls. More adequate of dialysis therapy for BUN removal

such as prolonging the dialysis treatment time, hemodialfil-

tration therapy (combining both hemodialysis and hemofil-

tration with enhanced BUN clearance) [33], or adequate diet

modulation (such as vegetarian diets that lower BUN input)

may be suggested for PON-1 activities rescue.
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Fig. 4 e Local conformation changes of PON-1 after Lysine 290 m (Lys 290) carbamylation. Side chain of residue Lys290 (A)

and carbamylated Lys290 (B) of PON-1 bymutagenesis are shown as sticks (cyan) by Pymol. The dashed line was labeled the

distance and shown to contact within 4 �A to neighboring residues (gray) and H2O (gray sphere).
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Fig. 5 e HDL anti-oxidant activity decreased in uremia

patients. DCFH-DA was used as fluorescence indicator of

oxidant. (A) A representative triplicated study results of the

time-course fluorescence changes from RAW264.7 cells

treated with H2O2 (10 mM) (n ¼ 16), HDL of uremia patients

with H2O2 (10 mM) (n ¼ 16), HDL of control healthy subjects

with H2O2 (10 mM) (n ¼ 16), or PBS, respectively. (B) The

fluorescence at 60 min of RAW264.7 cells treated with H2O2

(10 mM) can increase the fluorescence 11.0 ± 0.7 fold

compared to that of cells treated with PBS. RAW 264.7

treated with HDL from uremia patients plus H2O2 (10 mM)

can increase the fluorescence higher than the fluorescence

of cells treated with HDL isolated from control subjects plus

H2O2 (10 mM) (p < 0.01). The fluorescence of cells treated

with PBS (1.0 ± 0.1 fold) served as negative control. C, HDL

of control subjects; *, p < 0.05; ***, p < 0.001.
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5. Conclusion

The current study demonstrated that PON-1 concentration in

HDL of uremia patients decreased but the degree of PON-1 car-

bamylation increased as compared to HDL of control healthy

subjects. Our results showed that the PON-1 enzyme activities

and its anti-oxidant abilitywereboth impaired inHDLofuremia

patients. Increased PON-1 carbamylation may contribute to the

PON-1 and HDL dysfunction observed in uremia patients.
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