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ABSTRACT OF THE THESIS 

 

Molecular Basis of Interaction between Toll-like Receptor 4 and Apolipoprotein A-I 
Binding Protein 

 

By 

 

Yining Xia 

Master of Science in Biology 

University of California San Diego, 2020 

 

Professor Yury Miller, Chair 
Professor Amy Kiger, Co-Chair 

 

 

Inflammation is a response of immune cells to microbial pathogen-associated and  

host damage-associated molecular patterns. Toll-like receptor 4 (TLR4) is a major 

immune, pattern-recognition receptor that recognizes these ligands and initiates 

inflammatory signaling. Previous studies have shown that binding of Apolipoprotein A-I 

binding protein (AIBP) to TLR4 facilitates removal of excess cholesterol from endothelial 
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cells and macrophages, resulting in the reduction of membrane lipid rafts and inhibition 

of TLR4 dimerization and reduced inflammatory responses. However, the molecular basis 

of interaction between TLR4 and AIBP is not fully understood. Here, I investigate TLR4 

binding motifs in the AIBP molecule. Using wildtype AIBP and mutated variants of AIBP 

expressed and purified from a baculovirus/insect cell system, I identified a TLR4 binding 

domain in the AIBP molecule, which plays a critical role in regulation of TLR4-dependent 

inflammatory responses in microglia. My findings provide important mechanistic insights 

into the molecular basis of interaction between TLR4 and AIBP and may contribute to the 

development of AIBP-based therapy for chronic inflammatory diseases, including 

atherosclerosis and neuropathic pain. 
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Introduction 

 The innate inflammatory response is triggered by microbial pathogen-associated 

molecular patterns (PAMPs) or the host damage-associated molecular patterns (DAMPs), 

which activate pattern recognition receptors, like Toll-like receptors. The binding of 

PAMPs or DAMPs to pattern recognition receptors leads to downstream proinflammatory 

responses, such as the release of chemokines and cytokines, which in turn propagate 

inflammation, including engagement of the adaptive immune system (Roh & Sohn, 2018). 

Toll-like receptors (TLRs), especially TLR4, play crucial roles in signaling 

transduction pathways that lead to chronic inflammatory disease, such as atherosclerosis 

and neuropathic pain (Falck-Hansen, Kassiteridi, & Monaco, 2013; Woller et al., 2018). 

Bacterial lipopolysaccharides (LPS) are the best characterized PAMPs that specifically 

activate TLR4 (Poltorak et al., 1998). In blood, LPS presents as an oligomer, carried by 

the LPS-binding protein (LBP), then is transferred as a monomer to CD14, which is a co-

receptor for TLR4 (Park & Lee, 2013; Park et al., 2009). CD14 presents a monomer LPS 

to myeloid differentiation-2 (MD-2), which is also an LPS-binding protein, constitutively 

bound to TLR4 and required for TLR4 trafficking to the plasma membrane. Five of the six 

acyl chains of LPS are buried in the hydrophobic pocket of MD-2, while the sixth acyl 

chain of LPS is exposed to allow for binding to TLR4 of a second TLR4/MD-2 pair, leading 

to the formation of a TLR4-MD2-LPS complex. The sixth acyl chain in a second molecule 

of LPS binds to the first TLR4-MD2 complex. These interactions induce dimerization of 

two pairs of TLR4-MD2 on the outer surface of the plasma membrane. Dimerization of 

the TLR4 ectodomain leads to dimerization of the intracellular Toll/IL-1 receptor (TIR) 
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domain of TLR4, resulting in recruitment of adaptor proteins to TLR4 and activation of 

downstream signaling cascades (Park & Lee, 2013; Park et al., 2009).  

TLR4 dimerization occurs in and depends on the integrity of ordered plasma 

membrane domains, often designated as lipid rafts (Fessler & Parks, 2011; Schmitz & 

Orso, 2002; Tall & Yvan-Charvet, 2015). Lipid rafts are characterized by high content of 

cholesterol and sphingomyelin and serve as a functional platform for the regulation of 

many cell surface receptors (Sezgin, Levental, Mayor, & Eggeling, 2017). Since 

inflammation and accumulation of lipids contribute to the initiation and progression of 

atherosclerosis, the removal of cholesterol from the plasma membrane reduces the 

abundance of lipid rafts and inhibits TLR4 signaling (Fessler & Parks, 2011).  

Apolipoprotein A-I binding protein (AIBP; gene name APOA1BP) is a secreted 

protein that has been found to associate with APOA1, which is a major component of 

high-density lipoprotein (HDL) (Ritter et al., 2002). AIBP has several positive effects on 

HDL function and regulation of cholesterol efflux, which contribute to the reduction of 

atherosclerosis (Schneider et al., 2018; Zhang et al., 2016). AIBP binds to TLR4 to reduce 

the abundance of lipid rafts and to disrupt TLR4 dimerization in inflamed microglia by 

facilitating cholesterol efflux, leading to the reduction of inflammatory signaling and 

neuropathic pain response to LPS in vivo (Woller et al., 2018). In addition, inhalation of 

AIBP significantly reduces LPS-induced acute lung injury in mice (Choi et al., 2018). 

Although it has been reported that AIBP binds to TLR4, the mechanism of AIBP targeting 

to TLR4 in inflamed cells is yet unknown.  
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In this thesis, I demonstrate that the N-terminal truncated mutant of AIBP is 

responsible for the TLR4 binding, but not for HDL and APOA1 binding. Interestingly, I 

have found that the thermal stability of AIBP is increased by treatment with NADPH, a 

reported AIBP ligand (Marbaix et al., 2011). Moreover, I have shown that AIBP binding to 

activated microglia and TLR4-dependent inflammatory responses are regulated by the N-

terminal domain of AIBP. My findings suggest that the N-terminal region of AIBP is crucial 

for TLR4 binding and inhibition of inflammation and may contribute to understanding the 

molecular basis of interaction between AIBP and TLR4.  
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Results 

Human and mouse AIBP but not zebrafish AIBP bind to the ectodomain of human 

TLR4 in vitro. 

A previous study from the Miller lab has demonstrated that human AIBP binds to 

the ectodomain of human TLR4 in vitro (Woller et al., 2018). Here, to test binding of AIBP 

from three different species to TLR4, I expressed and purified human, mouse and 

zebrafish AIBP in a baculovirus-expression system (Choi et al., 2018). Purified AIBPs 

were co-incubated with the ectodomain of human TLR4, pulled down with an anti-TLR4 

monoclonal antibody, then immunoblotted with either an anti-His or an anti-AIBP antibody. 

As shown in Fig. 1A, human and mouse AIBP bound to TLR4, while zebrafish AIBP did 

not. One difference between zebrafish AIBP and mouse or human AIBP is that zebrafish 

AIBP lacks the N-terminal domain compared to the other two AIBPs (Fig. 1B). Thus, we 

hypothesized that the N-terminal domain of AIBP contributes to the binding of AIBP to 

TLR4. 

 

Figure 1. Binding of human, mouse, and zebrafish AIBP to the TLR4 ectodomain. A. Human AIBP, 
mouse AIBP, and zebrafish AIBP (all N-terminal His-tagged) were incubated with the C-terminal His-
tagged ectodomain of TLR4  for 1 hour at room temperature. TLR4 was pulled down with an anti-TLR4 
antibody. The blots of the pull-down or input were probed with an anti-His antibody and an anti-AIBP 
antibody. B. Sequence alignment of human, mouse, and zebrafish AIBP. 
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Expression of mutAIBP in baculovirus-expression system 

To investigate the role of the N-terminal domain of AIBP, I cloned, expressed and 

purified mutated, N-terminal truncated AIBP (mutAIBP) in a baculovirus-expression 

system. Since amino acids 1-24 of AIBP are the signal sequence of the AIBP and are 

highly insoluble, the AIBP in which first 24 aa are deleted (d24 AIBP) is used as the 

wildtype AIBP (wtAIBP) throughout my studies. Further, I also refer to the AIBP in which 

the signal peptide and farther 26aa of the N-terminus are deleted, i.e., d51 ABIP as the 

mutAIBP (Fig. 2A). The expression of mutAIBP was confirmed by Coomassie brilliant blue 

(CBB) staining (Fig. 2B) and by western blot using antibody against to AIBP (data not 

shown here).  

 

Figure 2. Construct design and production of recombinant AIBP proteins in the baculovirus-

infected insect cell system. A.... Schematic diagram of both wtAIBP and mutAIBP. B. Identification of 

purified recombinant wtAIBP and mutAIBP by Coomassie Brilliant Blue staining. *indicates the 
degradation product of AIBP. 

 

Both wtAIBP and mutAIBP bind HDL and APOA1 

 Earlier studies have shown that AIBP binds to APOA1 and HDL (Fang et al., 2013; 

Ritter et al., 2002). To test the binding ability of mutAIBP to both HDL and APOA1, I 

performed ELISA using wtAIBP- and mutAIBP-coated wells, then added either HDL or 

APOA1, followed by a biotinylated anti-APOA1 detection antibody. As shown in Fig. 3, 

* 
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both wtAIBP and mutAIBP bound HDL and APOA1, suggesting that the binding site for 

APOA1 in mutAIBP is preserved. 

 

Figure 3. AIBP binding with APOA1 and HDL. AIBP binding to HDL (A) and APOA1 (B) was tested in 
ELISA.  Both wtAIBP and mutAIBP were coated at 5 µg/ml or 4.4 µg/ml respectively (166.5nM). BSA and 
HDL (A) or APOA1 (B) at 1 µg/ml (32.5 nM) were added and AIBP-bound APOA1 was detected with an 
anti-APOA1 antibody conjugated with biotin. The graph shows the mean of three repeats, each in three 
technical replicates. Mean�SEM; n=3; # P>0.05 (two-way ANOVA).  

 

mutAIBP loses its ability to bind TLR4  

A previous study from the Miller lab has shown that AIBP binds to the TLR4 

ectodomain, which resulted in reduction of lipid rafts and the reduced LPS-induced 

inflammatory responses (Woller et al., 2018). To test whether mutAIBP binds to the TLR4 

ectodomain, I performed co-immunoprecipitation (Co-IP) using purified recombinant 

wtAIBP and mutAIBP proteins and found that unlike wtAIBP, mutAIBP did not pull down 

the TLR4 ectodomain (Fig. 4A and B). These results indicate that the 1-51 amino acids 

of AIBP are the sequence responsible for TLR4 binding. 
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Figure 4. wtAIBP and mutAIBP binding with TLR4. A. wtAIBP and mutAIBP (1 µg/ml, 33.3nM) were 
incubated with 1 µg/ml (15.2nM) TLR4 for 1 hour at room temperature. AIBPs were pulled down with an 
anti-AIBP antibody. The blots of the pull-down or input were probed with an anti-His antibody and an anti-
AIBP antibody. Representative blots from 3 independent experiments. B. Quantitative analysis of AIBP 

binding to TLR4. Mean�SEM; n=3; ***, P<0.001 (two-tailed Student’s t-test). 

 

mutAIBP is less stable than wtAIBP but retains its ability bind NADPH 

 Next, to test whether the N-terminal domain of AIBP regulates its stability, I 

performed differential scanning fluorimetry (DSF) to test the thermal stability of both 

wtAIBP and mutAIBP. As shown in Fig. 5, wtAIBP had a higher melting temperature than 

mutAIBP, suggesting that wtAIBP is more stable than mutAIBP. AIBP has been reported 

to have an NAD(P)HX epimerase (NAXE) activity, facilitating  removal of toxic NAD(P)H 

metabolites (Marbaix et al., 2011). Recent clinical studies show that NAXE mutations 

have been found in the patients with neurometabolic disorders, hypothesized to result 

from an insufficient NAD(P)HX repair system (Kremer et al., 2016; Trinh et al., 2020). 

Therefore, tested the effect of NADPH on the thermal stability of wtAIBP and mutAIBP. 

Adding NADPH significantly increased the thermal stability of both wtAIBP and mutAIBP 

(Fig. 5), suggesting that AIBP binding to NADPH stabilizes AIBPs, and the N-terminal 

domain of AIBP is not required for NADPH-dependent stabilization of the protein. 
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Figure 5. Melting temperature of wtAIBP and mutAIBP. Lysozyme is negative control. Two µg of wtAIBP 

and mutAIBP were mixed with SYPRO orange dye with or without 10mM NADPH. Mean�SEM; n=3; ****, 
P<0.0001 (two-way ANOVA). 

 

mutAIBP loses its binding to LPS-activated microglia cells and has diminished anti-

inflammatory effect 

 A previous study from the Miller lab has demonstrated an increased AIBP binding 

to LPS-activated microglia (Woller et al., 2018). In my experiments, upon LPS stimulation, 

wtAIBP exhibited an increase in binding to microglia cells, while mutAIBP did not (Fig. 6). 

Based on this finding, I hypothesize that mutAIBP will not exhibit an anti-inflammatory 

effect of wtAIBP.  
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Figure 6. AIBP binding to activated microglia. A. BV-2 cells were stimulated with 100ng/ml LPS for 15 
min and placed on ice. Two µg/ml BSA or AIBP (His-tagged) were added and incubated for 2 hours on 
ice. Cells were subjected to a flow cytometry analysis with a FITC-conjugated anti-His antibody. B. 

Quantitative analysis of AIBP binding to BV-2 cells. Mean�SEM; n=5; ***. P<0.001 (two-way ANOVA). 

Indeed, I observed that wtAIBP significantly inhibited mRNA expression of TNF-�, 

but mutAIBP did not (Fig. 7A). Even though the inhibition of mRNA expression of IL-6 and 

IL-1� by wtAIBP did not show significance, the trend suggested that losing the N-terminal 

domain of AIBP reduced its ability to inhibit production of proinflammatory cytokines. 

Further experiments need to be performed to confirm the results. 

 

 

 

 

 

Figure 7. The effect  of wtAIBP and mutAIBP on mRNA expression of TNF-� (A), IL-6 (B), and IL-1� 
(C). BV-2 cells were treated with 0.2 µg/ml wtAIBP or mutAIBP containing 0.1% BSA, and then were 

stimulated with 100ng/ml LPS for 1 hour. Mean�SEM; n=3; **, P<0.01 (two-way ANOVA). 

 

The amino acids 28-30 in the AIBP sequence are responsible for AIBP binding to 

TLR4  

A B C 
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 To further narrow down the TLR4 binding motif in the AIBP sequence, the peptides 

derived from the N-terminal domain of AIBP (Fig. 8A) were used to investigate their 

binding to TLR4 as tested in ELISA. The results shown in Fig. 8B indicate that the peptide 

A27 (amino acids 25 to 51 of AIBP) bound to TLR4, but the peptides A10 (amino acids 

41 to 51 of AIBP) did not.  These findings suggest that amino acids 25 to 40 of AIBP are 

involved in TLR4 binding. 

 

Figure 8. Binding of peptides derived from the N-terminal domain of AIBP to TLR4. A. Amino acid 
sequences of biotinylated AIBP-derived and control peptides. B. AIBP peptides binding to TLR4 was 
tested in ELISA. The plates were precoated with 5μg/ml (76nM) of recombinant TLR4 ectodomain. BSA 
and control peptides or AIBP peptides were added at 2.4 µg/ml, 4.2 µg/ml, 1.7 µg/ml, 4.6 µg/ml 
respectively (1520nM) and TLR4 bound peptides were detected with streptavidin conjugated alkaline 
phosphatase (AP). The graph shows the mean of three repeats, each in three technical replicates.  
Mean�SEM; n=3; ****. P<0.0001 (one-way ANOVA). 

 To find the specific amino acid(s) in AIBP involved in TLR4 binding, I have cloned 

a series of 3 amino acid deletion mutants as shown in Fig. 9A. HEK293 cells were co-

transfected with these deletion mutants and with TLR4, and an anti-AIBP antibody was 

used to pull down AIBP mutants from cell lysates. The results show that the deletion of 

amino acids ACR (28-30) in the AIBP sequence completely abrogated its ability to bind 

to TLR4 (Fig. 9B), implying that the amino acids ACR constitute a TLR4 binding motif in 

AIBP. To further explore and confirm the binding motifs, more AIBP mutants need to be 

cloned and tested. For example, instead of deleting amino acids ACR, I plan to substitute 
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the ACR with AAR or ACA or AAA. Then, I will express and purify these AIBP amino acid 

replacement mutants using a baculovirus/insect cell system, followed by a Co-IP 

experiment with TLR4.  

 

Figure 9. Binding of the deletion mutants of AIBP to TLR4. A. Schematic diagram of the AIBP 
deletion mutants. B. HEK293 cells were co-transfected with flag-tagged TLR4 and flag-tagged AIBP 
mutants. The mutants of AIBP were pulled down with an anti-AIBP antibody. The blots of the pull-down or 
input were probed with an anti-flag antibody. Representative blots from 3 independent experiments. 
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Discussion 

 AIBP plays an important role in facilitating cholesterol efflux from endothelia cells 

and macrophages, resulting in reduction of lipid rafts and restriction of angiogenesis, 

inhibition of neuropathic pain, attenuation of lung inflammation, and protection from 

atherosclerosis (Choi et al., 2018; Fang et al., 2013; Schneider et al., 2018; Woller et 

al., 2018). AIBP binding to TLR4 ectodomain was proposed as a critical step in the 

mechanism of AIBP-mediated inhibition of inflammatory responses by macrophages 

and microglia (Woller et al., 2018). In my study, I found that mutAIBP which lacks the N-

terminal domain (1 to 51 amino acids) of AIBP did not bind to the TLR4 ectodomain 

(Fig. 4). This finding may provide a new direction in developing novel therapeutics for 

treatment of inflammatory diseases.  

 Next, I tested whether mutAIBP retains its binding to APOA1/HDL, which is 

essential for the function of AIBP to promote cholesterol efflux from endothelial cells and 

macrophages (Fang et al., 2013; Ritter et al., 2002; Zhang et al., 2016). wtAIBP and 

mutAIBP had no significant differences in binding to APOA1 or HDL, suggesting that the 

N-terminal domain of AIBP does not contribute to AIBP binding to APOA1 and HDL 

(Fig. 3). Then, I performed DSF to investigate the thermal stability of mutAIBP. mutAIBP 

is less stable than wtAIBP, but adding NADPH helps stabilize both wtAIBP and 

mutAIBP (Fig. 5). These results indicate that mutAIBP also retains its ability to bind 

NADPH and may still function as an NAD(P)HX epimerase, but investigating the latter 

was out of the scope of my study.  

Upon LPS stimulation, AIBP binding to microglia is increased, indicating that 

AIBP targets inflamed cells and inhibits inflammatory signaling through its binding to 
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TLR4 (Woller et al., 2018). My study has shown that mutAIBP lost its ability to bind 

activated microglia (Fig. 6), suggesting that mutAIBP may not be able to disrupt the 

formation of lipid rafts, promote cholesterol efflux, or inhibit inflammation. Indeed,  

mRNA expression of TNF-�, IL-6, or IL-1� was not inhibited by mutAIBP (Fig. 7; trends 

only for IL-6, and IL-1�), which shows the importance of AIBP binding to activated TLR4 

in reducing inflammation. 

 Since AIBP-TLR4 binding is crucial for AIBP function, it is important to identify 

the specific binding motifs of TLR4 in AIBP. In my study, I found that deleting amino 

acids 28-30 of AIBP abrogates AIBP binding to TLR4. However, I cannot exclude the 

possibility that the deletion of these amino acids causes a conformational change in 

AIBP, which results in hiding of a real binding motif in AIBP. For the further study, I 

cloned and expressed several AIBP variants with point mutations, including C29A and 

R30A to test their binding to TLR4. To confirm the effect of mutAIBP on inflammatory 

responses, I plan also to test protein expression of proinflammatory cytokines, such as 

TNF-�, IL-6, and IL-1�, and phosphorylation transcription factors, such as p65, that 

contribute to the NF- �B inflammatory pathway. 

Since the AIBP-TLR4 binding has not been fully understood yet, many questions 

raised by my study will need to be addressed: 1) Whether AIBP binds to TLR4 as a 

monomer, dimer, or multimer; 2) Is AIBP binding to HDL/APOA1 required for inhibition 

of TLR4 signaling; 3) What are the AIBP binding motifs in the TLR4 molecule. The 

exciting findings of this study motivate me to further investigate molecular mechanisms 

underlying the protective effects of AIBP. 
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In summary, the N-terminal domain of AIBP plays an important role in reduction 

of inflammation. My discoveries may also contribute to developing new therapeutic 

treatments for inflammatory diseases, including atherosclerosis.   
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Materials and Methods 

Production of Recombinant AIBP 

Both human wtAIBP and mutAIBP were cloned in pAcHLT-C vector (BD 

Biosciences) with an N-terminal His-tag and expressed in a baculovirus/insect cell 

system. The vector was transfected into insect Sf9 cells (Thermo Fisher Scientific) with 

BD BaculoGold Baculovirus DNA and transfection reagent (BD Biosciences). After 5 

days, the cells were harvested, spun down and the supernatant collected and saved as 

wtAIBP/mutAIBP baculovirus stocks. Fresh Sf9 cells were infected with 

wtAIBP/mutAIBP baculovirus and incubated for another 3 days. The cells were 

harvested, spun down and the pellets collected. The cell pellets were lyzed, cleared by 

centrifugation and the wtAIBP/mutAIBP purified using a Ni-NTA agarose column 

(Qiagen), eluted with imidazole gradient. wtAIBP/mutAIBP proteins were dialyzed 

against PBS and their concentrations were measured.  

 

Enzyme-linked immunosorbent assay (ELISA) for AIBP-APOA1/HDL binding 

 Microwell plates were precoated with wtAIBP or mutAIBP at 4ºC overnight, then 

blocked with 1% BSA for 1 hour, followed by adding APOA1/HDL for 2 hours. An anti-

APOA1-biotin antibody (Academy Bio-Medical Company, 11B-G2a) was used to detect 

APOA1/HDL.  

 

Co-immunoprecipitation (Co-IP) of recombinant proteins 

 One µg wtAIBP or mutAIBP were incubated with 1 µg recombinant human TLR4 

ectodomain with a His-tag at the C-terminal (Sino Biological, 10146-H08B) for 1 hour. 
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Protein A/G sepharose beads (Genesee Scientific, 20-528 and 20-537) were added for 

30 minutes to preclear the nonspecific binding between recombinant proteins and the 

beads. wtAIBP/mutAIBP were immunoprecipitated with an anti-AIBP monoclonal 

antibody (generated in our lab) for 2 hours. The samples were incubated with Protein 

A/G sepharose beads for another 1 hour. Samples were washed 5 times with PBS 

containing 0.5% Triton-X100 and then run on a 4-12% Nu-PAGE gel and transferred to 

a PVDF membrane, followed by immunoblot with an anti-His monoclonal antibody 

(Invitrogen, MA1-21315) to detect TLR4 and with an anti-AIBP polyclonal antibody 

(Sigma) to detect AIBP. 

 

Differential scanning fluorimetry 

Two µg wtAIBP/mutAIBP or lysozyme (Sigma, L7651; used as a control protein 

that does not bind NDAPH) were mixed with 10X SYPRO® Orange Protein Gel Stain 

(Sigma, S5692) in PBS, with or without 10mM NADPH (Cayman, 9000743). Melting 

temperatures were detected using a Rotor-Gene Q machine (Qiagen) and analyzed using 

the Rotor-Gene Q series software. 

 

Flow cytometry binding assay 

 Immortalized mouse microglia cells (BV-2 cells) were plated at 1 × 10� cells, 

treated with 100 ng/ml LPS for 15 minutes and then placed on ice immediately to 

prevent endocytosis of TLR4. BV-2 cells were washed with cold PBS and then blocked 

with 2% normal mouse/rabbit/goat serum containing an anti-CD16/CD32 antibody 

(FcRγ blocker, BD Bioscience, 553141) in 1% BSA-TBS for 30 min on ice. Two µg 
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wtAIBP or mutAIBP were incubated with cells for 2 hours on ice and then washed with 

cold PBS. The BV-2 cells were fixed with 3.7 % formaldehyde in PBS for 15 min on ice 

and for an additional 15 min at room temperature, washed with TBS and incubated with 

0.5 µg/ml anti-His-FITC antibody (Abcam, ab1206) for 1 hour on ice, and analyzed 

using a FACSCanto II (BD Biosciences) flow cytometer. 

 

Quantitative PCR (qPCR) for mRNA expression of inflammatory cytokines 

BV-2 cells were plated at 1 × 10� cells and incubated with 0.2 µg/ml wtAIBP or 

mutAIBP containing 0.1% BSA for 2 hours. Then, the cells were treated with 100 ng/ml 

LPS for an additional 1 hour. Total RNA was isolated by Nucleospin RNA columns 

(Clontech), reverse transcribed using RNA to cDNA EcoDry (Clontech) following 

manufacturer’s protocol. cDNA was mixed with 2X KAPA SYBR FAST (KAPA Biosystems) 

and primers of interest from Integrated DNA Technologies (IDT). qPCR was performed 

using a Rotor-Gene Q machine (Qiagen). Data were analyzed using the Rotor-Gene Q 

series software. 
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