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Abstract

The disposition of toxicants is often affected by their binding to serum proteins, of which the most 

abundant in humans is serum albumin (HSA). There is increasing interest in the toxicities of 

environmentally persistent polychlorinated biphenyls (PCBs) with lower numbers of chlorine 

atoms (LC-PCBs) due to their presence in both indoor and outdoor air. PCB sulfates derived from 

metabolic hydroxylation and sulfation of LC-PCBs have been implicated in endocrine disruption 

due to high affinity-binding to the thyroxine-carrying protein, transthyretin. Interactions of these 

sulfated metabolites of LC-PCBs with HSA, however, have not been previously explored. We have 

now determined the relative HSA-binding affinities for a group of LC-PCBs and their 

hydroxylated and sulfated derivatives by selective displacement of the fluorescent probes 5-

dimethylamino-1-naphthalenesulfonamide and dansyl-L-proline from the two major drug-binding 

sites on HSA (previously designated as Site I and Site II). Values for half-maximal displacement 

of the probes indicated that the relative binding affinities were generally PCB sulfate ≥ OH-PCB > 

PCB, although this affinity was site- and congener-selective. Moreover, specificity for Site II 

increased as the numbers of chlorine atoms increased. Thus, hydroxylation and sulfation of LC-

PCBs result in selective interactions with HSA which may affect their overall retention and 

toxicity.
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Introduction

The legacy of polychlorinated biphenyl (PCB) exposure and the resulting various toxicities 

have been well established in the scientific literature.1, 2 Once marketed as commercially 

available mixtures (e.g. Aroclors), PCBs were used worldwide throughout most of the 20th 

century in various industrial applications and in the production of consumer goods.3 The 

versatility of this class of compounds, i.e., a biphenyl core with up to 10 chlorine 

substituents, allowed for the production of mixtures with highly desirable qualities which 

include high thermal and electrical conductivity, high flash points and the resistance to 

degradation by chemical or biological means. These same physical and chemical properties 

that favored their use as flame retardants, lubricants, coolants, and insulating fluids also led 

to their ability to accumulate in the environment at virtually all trophic levels.4, 5 Their 

presence in the environment has been linked to various toxic effects in wildlife (e.g., birds 

and fish) as well as toxicity in laboratory animal models for disease6, 7 and in human 

populations.2, 8, 9 These toxicities encompass many human diseases, some of which include 

immunological disorders,10 hormonal dysfunction,11 carcinogenesis,12, 13 and 

neurotoxicity.8, 9

Although the worldwide levels of PCBs have been decreasing since their production and use 

was limited to distinct closed systems in the late 1970s, studies show that indoor and outdoor 

air samples in urban areas are high in lower chlorinated PCBs (LC-PCBs; ≤4 chlorine atoms 

per congener).14–17 Moreover, studies indicate that an additional current source of these 

toxic LC-PCBs may be their inadvertent production in the manufacture of certain dyes and 

pigments.18–20 When compared to higher chlorinated PCBs (>4 chlorine atoms per 

congener) also present in traditional Aroclor mixtures and in dyes and pigments, the LC-

PCBs are more highly susceptible to metabolic transformation and exhibit a higher vapor 

pressure, thereby making them more easily volatilized.21 Exposure to these volatile PCBs 

via inhalation allows for their facile transfer into the blood via the lungs.22 As a point of 

reference, these lower chlorinated congeners may also be classified as non-dioxin-like PCBs, 

due to the fact that they are not agonists of the aryl hydrocarbon receptor.23

The metabolism and metabolites of PCBs have been widely studied in order to assess their 

toxic potential and to examine the possible use of metabolites as biomarkers for exposure or 

for determining body-burdens in human populations.24, 25 In fact, the analysis of oxidized 

metabolites such as hydroxylated PCBs (OH-PCBs) has been completed in biological 
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samples from various species worldwide.5, 26, 27 Further oxidation of OH-PCBs to catechols, 

p-hydroquinones, and quinones has been linked to cytotoxic formation of reactive oxygen 

species28, 29 and the potential for carcinogenicity.30 Other PCB metabolites include PCB 

sulfates and glucuronides, as well as glutathione conjugates and their mercapturic acid 

derivatives.21

Of the aforementioned metabolites, PCB sulfates have recently garnered increased interest 

due to their potential activity as disruptors of endocrine signaling. While OH-PCBs have 

been shown to inhibit the sulfation of endogenous molecules including 

dehydroepiandrosterone (DHEA)31 and estradiol,32 many also serve as substrates for sulfate 

conjugation.33 The resulting PCB sulfates have been shown to bind to the thyroid hormone 

carrying protein transthyretin, where, in some cases, they bind with similar affinity to that 

observed with the native T4 ligand.34 The potential of OH-PCBs to serve as substrates for 

sulfation catalyzed by human and rat sulfotransferases has been published,33, 34 and a study 

in Sprague-Dawley rats has indicated that hydroxylation followed by sulfation accounts for 

more than half of the metabolic fate after treatment with the monochlorinated PCB 3.35 

Furthermore, recent studies on 4-PCB 11 sulfate administered to rats indicate that PCB 

sulfates may be retained in vivo and undergo additional metabolism.36

The metabolic pathway that results in the sulfation of an exogenous compound has been 

traditionally thought of as a mode for its removal from the body. The sulfotransferase-

mediated transfer of a sulfuryl group from 3’-phosphoadenosine 5’-phosphosulfate (PAPS) 

to an acceptor molecule often results in increased polarity, water solubility, and excretion of 

the sulfated product, however the potential for retention may exist in some cases. It has been 

previously shown that the formation of sulfated metabolites from either naphthol or para-

nitrophenol increases their binding to human serum albumin (HSA) when compared both to 

the parent compounds and to their hydroxylated and glucuronidated counterparts.37 Similar 

to these sulfated aromatics, binding of PCB sulfates to HSA may, along with specific 

binding to lipids and proteins within tissues and organs, be substantial and may serve as a 

mode for their retention and distribution in vivo. The high concentration of this protein in 

blood and its ability to mediate the half-lives and distribution of many drugs and toxicants 

has led to it being referred to as the “silent receptor”.38 In addition to its other functions, 

HSA is largely responsible for maintaining colloidal osmotic pressure in the perivascular 

space, and it is also present in large amounts in extravascular compartments, being 

distributed to muscle, organs, and tissue. In fact, HSA in the extravascular space accounts 

for more than half of its total body distribution.39

The work of Sudlow, et. al.,40 has elucidated the presence of two major drug binding sites 

within HSA by use of a small library of drug molecules and fluorescent probes (mostly 

dansylated amino acids). Site I is situated within subdomain IIa and is characteristic of 

binding bulky hydrophobic molecules with negative charges on opposing ends. This includes 

dicarboxylic acids and xenobiotics including warfarin, phenylbutazone, and a dansylated 

amine (5-dimethylamino-1-naphthalenesulfonamide, DNSA). Site II is situated within 

subdomain IIIa and typically binds compounds with a negative charge at one end of a 

molecule with a hydrophobic core. This includes diazepam, flufenamic acid, and dansylated 

proline. Whereas the larger area and flexibility of Site I imparts on it a more promiscuous 
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binding, the smaller dimensions and less flexibility of Site II result in more stringent binding 

constraints. Although there might be a potential for lower affinity interactions at other sites, 

this model using the two major drug-binding sites in HSA has served as a good predictor of 

many high-affinity xenobiotic-HSA interactions.41 Figure 1 illustrates the residues that form 

the hydrophobic core of both sites I and II, as well as representative ligands for these binding 

sites.42We hypothesized that, similar to the studies on naphthol and para-nitrophenol 

described above, the sulfated congeners of LC-PCBs would exhibit increased HSA-binding 

when compared to their PCB or OH-PCB counterparts, and that this binding would display 

selectivity between the two major drug-binding sites in HSA. Since sulfation is a significant 

metabolic reaction for PCBs with lower numbers of chlorine atoms, our objective was to 

determine the potential selectivity of interactions between such PCB sulfates and human 

serum albumin. The method employed for the current study involves the displacement of 

site-selective fluorescent probes from these two major drug binding sites. Although this 

approach does not allow for the direct determination of an affinity constant (Ka), it gives 

information on selectivity for these two drug-binding sites, and, when reported alongside 

positive control compounds, gives a relative determination of binding affinity.

Materials and Methods

Materials

Human serum albumin (fatty acid and globulin free, ≥99% pure), phenylbutazone, and 5-

dimethylamino-1-naphthalenesulfonamide (dansylamide; DNSA) were purchased from 

Sigma-Aldrich (St. Louis, MO). Flufenamic acid was purchased from Fluka Analytical 

(Buchs, Switzerland), and dansyl-L-proline (DP) was purchased from TCI (Cambridge, 

MA). The synthesis and characterization of 4 OH PCB 52 (2,2’,5,5’-tetrachlorobiphenyl-4-

ol) and 4 PCB 52 sulfate (sulfuric acid mono-(2,2’,5,5’-tetrachlorobiphenyl-4-yl) ester, 

ammonium salt) are reported in the Supporting Information. All other PCB metabolites were 

prepared and characterized in the synthesis core of the Iowa Superfund Research Program as 

previously described.43–45

Human Serum Albumin (HSA) binding assay

The displacement of site-selective fluorescent probes from HSA has been used to identify 

the relative binding affinity and selectivity of a large number of compounds. We used this 

approach for LC-PCBs and their metabolites by employing a modification of a method that 

was first described by Sudlow et. al.40, 46 Briefly, a 96-well plate format was used for 

analysis of solutions containing 10 µM HSA in 0.1 M potassium phosphate buffer, pH 7.4, a 

fluorescent probe (20µM for Site I-selective DNSA and 5 µM for Site II-selective DP), and 

increasing concentrations of ligand (i.e., PCB, OH-PCB, PCB sulfate, or positive control 

ligand). The experiments were performed using a quartz 96-well microplate purchased from 

Molecular Devices (Sunnyvale, CA). Stock solutions of ligands were made in DMSO, and 

the final assay concentration of DMSO was less than 0.8% v/v. This concentration of DMSO 

was shown to have no significant effect on the fluorescence of either HSA-DP or HSA-

DNSA. After mixing using a multipipettor, the fluorescence intensity was obtained after 5 

minutes at 25°C (DNSA Excitation: 350nm; Emission: 460nm) (DP Excitation: 375nm; 

Emission: 460nm) in a Spectramax M5 fluorimeter (Molecular Devices, Sunnyvale, CA). 
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Each ligand was assayed in triplicate and each entry was an average of six fluorescence 

readings and reported as a percent of control signal. Controls contained the same amount of 

DMSO solution, but without any ligand. Values for 50% decrease in the fluorescence 

intensity of the probe (EC50) were determined by plotting the percentage of control 

fluorescence intensity versus the log of the concentration of the test ligand and then utilizing 

a sigmoidal dose response ligand-binding algorithm (SigmaPlot v.11.0, Systat Software, 

Chicago, IL). The EC50 binding parameters for all ligands were calculated by a best fit to the 

equation: ; where min and max are the minima and maxima of the 

sigmoidal curve, y and x are the percent of control fluorescence and ligand concentration, 

respectively; Hillslope characterizes the slope of the curve at its midpoint, and the EC50 

parameter is the ligand concentration where half of the total fluorescent probe displacement 

occurs. A further requirement for these studies was that at least 50% of the total probe must 

have been displaced within the range of concentrations examined. It is important to note 

that, in the case of high affinity binding to both sites, the overall binding to HSA will be 

somewhat underestimated by this method due to the fact that only one site is observed at any 

given time, regardless of whether or not the other site is occupied by the ligand. Moreover, 

due to limitations of the specific assay conditions requited, the lowest EC50 values that can 

be reliably quantitated are 5.0 µM and 2.5 µM for sites I and II, respectively.

HPLC analysis of recovery and reversibility in the binding of PCB sulfates to HSA

A solution of HSA (50 µM) and PCB sulfate (50 µM) was prepared in 0.1 M potassium 

phosphate buffer, pH 7.4, and 100 µL aliquots were sampled and extracted after incubation 

at 25°C for 0, 30, 90, 180, and 270 minutes. Each aliquot was extracted with 100µL 

acetonitrile after the addition of 15 mg NaCl, and the samples were subjected to vortex-

mixing followed by centrifugation at 5000 rpm for 5 minutes. The acetonitrile layer was 

analyzed by HPLC using a Shimadzu Model LC-20-AT liquid chromatograph equipped with 

an SPD-20-AT UV/VIS detector and a C18 AQ 5µm (4.6 × 250 mm) column (Grace, 

Deerfield, IL). The HPLC separation was achieved by using linear gradients formed between 

0.04% TEA acetate (pH 7.4) and the indicated concentration of acetonitrile (MeCN): 0–1 

min at 15% MeCN, 1–10 min at 15–100% MeCN, 10–14 min at 100% MeCN, and 14–15 

min at 15% MeCN. Analysis of the eluate was carried out by absorbance at 254 nm. 

Concentrations of PCB sulfates were determined by relating the peak area to a standard 

curve obtained using synthetic standards.

Results and Discussion

Serum albumin is the most abundant protein in human plasma, with a concentration of 

approximately 700µM in a healthy adult.47 Ligand-bound crystal structures for the 66.5kDa 

protein show the various drug-, fatty acid-, ion-, and heme-binding sites of HSA,48 and 

many methods have been employed to determine binding parameters.41, 49–51 In our present 

studies, we have measured the displacement of site-selective fluorescent probes from the two 

major drug-binding sites on HSA (i.e., Site I and Site II) as described by Sudlow et al.40 In 

this examination of LC-PCBs and their hydroxylated and sulfated metabolites, the 

displacement of: 5-dimethylamino-1-naphthalenesulfonamide (DNSA) for Site I and dansyl 
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L-proline (DP) for Site II, shown in Figure 1, was used.40 The displacement of these probes 

from their respective binding sites has been used to determine site-selectivity for ligands as 

well as to provide relative estimates of their binding affinities.52 It is noted here, however, 

that a lack of site-selective binding observed for these two high affinity drug-binding sites 

does not preclude HSA-binding at other sites on the protein. Indeed, due to high 

concentrations of serum albumin some sites where these molecules bind with lower affinity 

might become important. They may, however, be competing with higher affinity endogenous 

ligands. While such interactions have been noted for higher-chlorinated PCBs and OH-

PCBs53–55, the current study is, to our knowledge, the first to examine high affinity 

interactions with lower-chlorinated PCBs and their metabolites.

The LC-PCBs and their metabolites chosen for this study represent a variety of chlorine 

atom-substitution patterns and, in several cases, they represent LC-PCBs that are commonly 

found in samples taken from indoor and outdoor air (e.g., PCBs 3, 8, 11, and 52).14, 56 The 

data are presented as EC50 values for displacement of the appropriate site-selective probe 

from HSA. A lower value of EC50 indicates greater affinity for that site and the EC50 values 

for site-selective positive controls (i.e., phenylbutazone for Site I and flufenamic acid for 

Site II) are included for reference. The Ka values for these reference ligands have been 

previously published (phenylbutazone Ka = 4.22 × 105 M−1; flufenamic acid Ka = 1.56 × 105 

M−1).57

Displacement of probes from HSA by PCBs, OH-PCBs, and PCB Sulfates

After incubation of the HSA with a site-selective probe, changes in fluorescence intensity of 

the probe were determined upon addition of a potential ligand. Representative graphs of the 

change in fluorescence intensity (% change) vs. log of ligand concentration are provided in 

Figures 2 and 3. In order to confidently ascribe an EC50 value to a ligand based on its 

displacement of a probe, we used the criterion that it must displace at least 50% of the probe 

within the range of ligand-concentrations tested. Those ligands that did not significantly 

interact with the HSA at concentrations less than 50µM are simply reported as having an 

EC50 greater than 50µM. It was noted, however, that in a few cases (e.g., 4’-PCB 33 sulfate 

and 4’-PCB 35 sulfate in Figure 3), the fluorescence of the site I probe, DNSA, increased at 

higher concentrations of ligand. This effect may be due to the high flexibility of HSA, as 

well as the potential binding of the ligands to any of its multiple binding sites. These include 

the seven fatty acid binding sites as well as other undefined or low-affinity sites found 

throughout the protein.

Recovery of PCB sulfates following incubation with HSA

Since HSA has been reported to catalyze hydrolysis of some carboxylic acid esters,58, 59 we 

sought to determine if a PCB sulfate could serve as a substrate for hydrolysis catalyzed by 

the protein. Moreover, it was also important to establish that the PCB sulfate concentration 

was not changing throughout the course of the experiment, with full recovery of the ligand. 

Analyses that were conducted by acetonitrile extraction and HPLC showed that during 

incubations up to 270 min, the PCB sulfates were stable. These results, shown in Supporting 

Information Fig. S12, indicated that no hydrolysis of the PCB sulfate to the corresponding 
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phenol was occurring during the experiment, and the quantitative extraction at each time 

point further indicated that no chemical changes were occurring to the ligand in question.

Binding of the monochlorinated PCB 3 and its hydroxylated and sulfated metabolites to 
HSA

The data shown in Figure 4 illustrate the binding characteristics of the monochlorinated PCB 

3 and its hydroxylated and sulfated metabolites. In vivo studies with Sprague-Dawley rats 

have shown that treatment with PCB 3 (via intraperitoneal injection or inhalation) is largely 

metabolized to hydroxylated (3’-OH-PCB 3, and 4’-OH-PCB 3) and sulfated (3-PCB 3 

sulfate, 2’-PCB 3 sulfate, 3’-PCB 3 sulfate, and 4’-PCB 3 sulfate) derivatives, where the 4’-

PCB 3 sulfate was the primary component.35, 60, 61 In the current work, neither PCB 3 nor 

its 2’-OH and 3’-OH metabolites bound with significant affinity to either of the two drug-

binding sites on HSA. In comparison, their sulfated counterparts showed moderate to high 

affinity for both sites. In the case of the 4’ metabolites, where both the chlorine and sulfate 

functional groups are para to the biphenyl linkage, there was significant binding to Site I of 

both the OH-PCB and PCB sulfate, while the latter retained its high affinity for Site II. A 

sulfate group at the 2-position of the same aromatic ring as the 4-chloro, however, resulted in 

some selectivity in binding at HSA Site I in preference to Site II. The results obtained for 

PCB 3 and its hydroxylated and sulfated derivatives highlight a general trend in the binding 

of the LC-PCBs and metabolites in this study, namely that HSA-binding affinity follows the 

trend: PCB sulfate ≥ OH-PCB > PCB.

Binding of dichlorinated PCB congeners and their metabolites to HSA

As seen in Figure 5, the binding of dichlorinated PCB congeners and their metabolites 

displayed significant selectivity for HSA Site II. Unlike the results seen for the 

monochlorinated PCB sulfates, there was no significant binding to Site I observed for any of 

the dichlorinated PCB metabolites. Binding affinity to Site II, however, was increased for the 

dichlorinated PCBs and OH-PCBs in comparison to their monochlorinated counterparts. It is 

interesting to note that in this set of compounds, one of the PCB sulfates (4’-PCB 12 sulfate) 

and one of the OH-PCBs (4’-OH-PCB 9) showed no significant binding to either site. We 

have also noted a similar lack of interaction with either binding site on HSA for the 

trichlorinated 4’-PCB 35 sulfate. A common feature of these two PCB sulfates is the 

presence of a 3,4-dichloro substitution pattern in the aromatic ring that does not bear the 4’-

sulfate. Further studies will be needed to ascertain the basis for this structural specificity for 

Site II binding.

Binding of tri-, tetra-, and penta- PCB congeners and their metabolites to HSA

The interactions of selected tri- and tetra-chlorinated PCBs and their metabolites are shown 

in Figure 6. These results were consistent with the interpretation that HSA Site II was the 

major binding site for most of the dichlorinated PCB derivatives studied. With the exception 

of the tri-chlorinated 4’-PCB 35 sulfate mentioned above, there was a positive association 

between the degree of chlorination and binding affinity for the hydroxylated and sulfated 

PCBs (i.e., when comparing to monochlorinated and dichlorinated congeners). Furthermore, 

while most of the tri-, tetra-, and penta-chlorinated PCB derivatives generally appeared to 
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have greater affinity for Site II than those of the dichlorinated congeners, it was consistently 

observed that there was no binding of these compounds to Site I.

The data presented here indicate that LC-PCB sulfates generally bind to HSA with higher 

affinity than their corresponding PCB or OH-PCB counterparts. Furthermore, LC-PCBs 

(those with 2+ chlorine atoms) and their hydroxylated and sulfated metabolites preferentially 

bind to Site II of the major drug binding sites in HSA. Interestingly, however, the 

monochlorinated metabolites bound with high affinity to both Sites I and II. Previous studies 

on the binding of individual higher chlorinated PCB congeners to HSA found that binding 

occurred at Site II.49, 50 The binding of PCB 153 and the PCB 180 to HSA was determined 

using a combination of intrinsic fluorescence, probe displacement and molecular modelling. 

It was determined that both compounds bound to a single site of HSA, Sudlow Site II, and 

that binding was dominated by hydrophobic interactions.49, 50 Interestingly, a separate study 

of PCB 118, 126, and 153 found that these compounds bound with high affinity to Sudlow 

Site I, with no binding to Site II.51 These seemingly contradictory conclusions may stem 

from the differences in the design of the studies.51 Although the approach reported here does 

not assess total protein binding, the high affinity binding of hydroxylated and sulfated LC-

PCBs to HSA measured in this study underscores the importance that binding to human 

serum albumin may play in their subsequent distribution and effective half-lives in the body.

Environmental Relevance

The work presented here highlights the critical role that albumin may play in the binding, 

transport, and/or disposition of environmental toxic species such as PCBs and their 

metabolites. The presence and shared physiological roles of serum albumin in all 

vertebrates62 makes the understanding of this interaction helpful in determining the fates of 

these potential toxicants and their distribution to sensitive tissues in humans and other 

animals. This includes the HSA-mediated transfer of drugs and other xenobiotics 

transplacentally to the developing fetus63–66, which may implicate OH-PCBs and PCB 

sulfates in the neurodevelopmental effects associated with PCB exposure. This potential for 

retention and redistribution of PCB sulfates supports the idea that this has been a largely 

overlooked component of the overall picture of PCB exposure and toxicity. Finally, the 

selectivity of specific PCB metabolites for the major drug/toxicant binding sites on HSA 

may also be a factor that needs to be considered in the overall assessment of the contribution 

to toxic responses made by individual PCB congeners derived from exposure to PCB 

mixtures. This may be particularly important for airborne exposures to LC-PCBs where the 

PCB itself may be metabolized and not be detected in standard assays, yet OH-PCBs and 

PCB sulfates may be retained and either have toxic effects of their own or be further 

converted to other metabolites with adverse effects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
HSA crystal structure indicating residues that form Sites I and II as well as site-selective 

fluorescent probes and positive control ligands. The HSA crystal structure (PDB ID: 1UOR) 

was modified to highlight the binding sites using the PyMOL Molecular Graphics System, 

Version 1.7.4 Schrödinger, LLC. Residues that surround sites I and II42 have been 

highlighted in dotted spheres, and the appropriate fluorescent probes and positive control 

ligands for each site have been annotated.
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Figure 2. 
Binding curves for compounds that exhibited binding to Site I and Site II as determined by 

site-selective fluorescent probe displacement. Plots are of percent of control fluorescence vs. 

increasing ligand concentration. Each experiment consists of 10µM HSA and 20µM DNSA 

or 5µM DP. Data was fit to sigmoidal dose response ligand-binding algorithms (SigmaPlot v.

11.0, Systat Software, Chicago, IL) and EC50 values are reported in Figures 4 through 6. 

Mean ± SE, n=3.
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Figure 3. 
Binding curves for compounds that did not exhibit binding to either Site I or Site II as 

determined by site-selective fluorescent probe displacement. Plots are of percent of control 

fluorescence vs. increasing ligand concentration. Each experiment consists of 10µM HSA 

and 20µM DNSA or 5µM DP. Data was fit to sigmoidal dose response ligand-binding 

algorithms (SigmaPlot v.11.0, Systat Software, Chicago, IL) and EC50 values are reported in 

Figures 4 through 6. Mean ± SE, n=3.
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Figure 4. 
HSA-binding of the monochlorinated PCB 3 and its hydroxylated and sulfated metabolites. 

Site I binding (DNSA displacement) is shown at the left of the graph and Site II binding (DP 

displacement) is shown at the right. Color coding is used to differentiate the PCBs (black), 

OH-PCBs (blue), and PCB sulfates (red). Compound names appear on the left of the graph 

and the corresponding structure is at the right. EC50 values were obtained as described in 

Materials and Methods. The vertical dashed lines indicate the EC50 values for the positive 

control ligands at each site.
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Figure 5. 
HSA-binding of dichlorinated PCB congeners and their hydroxylated and sulfated 

metabolites. Site I binding (DNSA displacement) is shown at the left of the graph and Site II 

binding (DP displacement) is shown at the right. Color coding is used to differentiate the 

PCBs (black), OH-PCBs (blue), and PCB sulfates (red). Compound names appear on the left 

of the graph and the corresponding structure is at the right. EC50 values were obtained as 

described in Materials and Methods. The vertical dashed lines indicate the EC50 values for 

the positive control ligands at each site.
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Figure 6. 
HSA-binding of tri-, tetra-, and penta- PCB congeners and their hydroxylated and sulfated 

metabolites. Site I binding (DNSA displacement) is shown at the left of the graph and Site II 

binding (DP displacement) is shown at the right. Color coding is used to differentiate the 

PCBs (black), OH-PCBs (blue), and PCB sulfates (red). Compound names appear on the left 

of the graph and the corresponding structure is at the right. EC50 values were obtained as 

described in Materials and Methods. The vertical dashed lines indicate EC50 values for the 

positive control ligands at each site.
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