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Abstract

Human Serum Albumin (HSA) is a protein carrier in blood transporting metabolites
and drugs. Glycated HSA (GHSA) acts as a potential biomarker for diabetes. Thus, many
attempts have been made to detect GHSA. The glycation was reported to damage structure and
ligand-binding capability where no molecular detail is available. Recently, the crystal structure
of GHSA has been solved where two glucose isomers (pyranose:GLC and open-chain:GLO)
are located at Sudlow’s site I. GLO was found to covalently bind to K195, while GLC is trapped
by non-contact interactions. GHSA exists in two forms (Schiff base (SCH) and Amadori
(AMA) adducts), but how both disrupt albumin activity microscopically remains unknown. To
this end, molecular dynamics simulations were performed here to explore the nature of SCH
and AMA. Both forms are found to alter the main protein dynamics, resulting in (i) the
widening of Sudlow’s site I entrance, (ii) the size reduction of nine fatty acid-binding pockets,
(ii1) the enlargement of Sudlow’s site I and the shrunken Sudlow’s site II, (iv) the enhancement
of C34 reactivity, and (v) the change in W214 microenvironment. These unique characteristics
found here can be useful for understanding the effect of glycation on albumin function in more

detail and designing specific and selective GHSA-detecting strategies.



Introduction

Diabetes mellitus is a disease caused by a group of carbohydrate metabolism disorders
which leads to the elevated blood sugar level. People with diabetes have higher risks of serious
damages such as heart failure, neuropathy, nephropathy and retinopathy.! The efficient
determination of the amount of glucose is thus necessary for monitoring and controlling the
glucose level. The excess glucose is known to bind to Human Serum Albumin (HSA) via the
non-enzymatic glycation during hyperglycemia and form glycated HSA (GHSA).2 HSA is the
abundant protein carrier found in blood, and is commonly used as an indicator for many
diseases including diabetes and renal diseases.>* GHSA has been suggested to be one of
potential diabetes biomarkers’ since its level in blood can be used for diabetes screening and
monitoring in medical practice.® The GHSA detection can also be employed for patients with
kidney and liver problems whose hemoglobin Alc level (which is a common diabetes

biomarker) may be inaccurate.
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Figure 1 (A) Cartoon view of GHSA with subdomains labels (top). The drug- and fatty acid-
binding sites are also labelled. (B) The location of both glucose molecules. Chemical structures
of both glucose molecules are also shown at the bottom. (C) Structures of HSA with glucose
(top), SCH (middle), and AMA (bottom).

HSA is a roughly spherically heart-shaped protein and consists of 585 amino acids with
molecular weight of 66.5 kDa.!! HSA has three domains denoted as domain I, II and III. Each



domain is divided into two subdomains (A and B) which are connected by loop structures
(Figure 1A). HSA was suggested to act as the main fatty acid binding protein in blood, although
it can also carry various metabolites such as hormones ¥, ions, natural products’®, and drugs!'®
13, HSA has nine sites for medium-chain fatty acids (C10) (FA1-FA9) and two major drug-
binding sites. The latter are denoted as Sudlow’s site I (warfarin-azapropazone site) and
Sudlow’s site II (indole-benzodiazepine site) and are located at subdomains ITA and ITIA 416
(Figure 1A), respectively. During diabetes progression, the high level of blood glucose induces
the glycation of HSA. Such glycation reaction typically occurs between lysine (sometimes
arginines) and glucose, leading to the formation of Schiff base (SCH) and more complex
Amadori (AMA) adduct (Figure 1C) before eventually turning into the Advanced Glycation
End products (AGEs).!”- ¥ Multiple glycation sites on HSA have been reported. For instance,
K12, K64, K195, K199, K205, K233, K281, K439, and K525 have been suggested to be

1921 " Recently, the crystal structure of glycated HSA was solved.?? Two

possible glycation sites
glucose molecules (pyranose (cyclic) glucose (GLC) and open-chain glucose (GLO)) were
found inside Sudlow’s site I where GLO is covalently bound to K195 of HSA via the bond
between amine nitrogen on K195 and a-hydroxy carbonyl structure of GLO 22 (Figure 1B, C).
Yet, the exact form of glycated complex remains unclear. In the early stage of glycation,
glucose molecules reversibly transform into SCH and sequentially changes into AMA
adduct.!”- ¥ SCH has a half-life of over an hour to days before rearranging into AMA product,
which then can exist for weeks to months. Both SCH and AMA forms can thus be found in real
samples and act as potential biomarkers. > SCH and AMA have been reported to impair

2426 while the molecular detail remains obscure.

structure and ligand-binding affinity
Recently, the antiglycation activity of certain vitamin B was reported 27, but how such chemical
microscopically interferes the glycation process is unclear. Thus, a molecular insight into the
structural impairment of albumin during glycation is crucial, not only to design GHSA
detection strategies for effective diabetes monitoring and screening, but also to better
understand how glycation alters the ligand-binding affinity of albumin under diabetes
conditions.

To date, not only the structural and dynamic properties of the two sugar-bound HSA
complexes, i.e. SCH and AMA, remain vague, but the impact of these properties to function
remain unclear. To this end, here the structural and dynamic characters of SCH and AMA
forms are investigated using molecular dynamics (MD) simulations. This work also reports

how glycation alters the microenvironment of drug- and fatty acid-binding sites, which is

expected to impact the ligand-binding affinity and structural impairment. The unique



characteristics of both glucose isomers are also revealed. This study thus aims at exploring how

the glycation affects structure and ligand-binding capability of albumin.

Materials and Methods

The preparation of glycated human serum albumin (GHSA) topology

The crystal structure of GHSA (PDB:4IW2) containing two glucose molecules (one pyranose
(GLC) and one open-chain glucose (GLO)) where GLO is to covalently bound to K195 at
Sudlow’s site I were downloaded from PDB databank.?? The Schiff base (SCH) and Amadori
(AMA) configurations were built by modifying GLO-K195 structure using Gaussview -6.1. 28
The molecular structures of SCH and AMA forms are displayed in Figure 1C. The electrostatic
potential of two GLO-K195 complexes were calculated using density functional theory at
B3LYP(6-31G(d)) level using Gaussian16 package?®®. The electrostatic potentials were used to
assign the RESP charges using antechamber from AmberTool20.’° The charges of the two
GLO-K195 complexes (SCH and AMA forms) are displayed in Figure S1 of Supplementary
Information. The structure of the GLO-lysine complex was further explored to check the
dependency of the charges on the structure, where we found only small variation of RESP
charges. The crystal structure of GHSA was used as a template for building the GLO-K195
geometry. The AMBER99SB-ILDN®!, general Amber force field (GAFF)*?%, and
GLYCAM 06 were used for protein, GLO-K195 complex, and non-covalent glucose (GLC),
respectively. AMBERTo0ls20? was used to create the topology files. The conversion tool
(ACPYPE) was used to transform AMBER file format to GROMACS topology files.??

Simulation protocols

MD simulations were carried out using GROMACS2020.7 software package.’* The two GHSA
forms were submerged in a 10x10 x10 nm? cubic box with TIP3P water, and neutralized by
counterions. Particle Mesh Ewald (PME) was used for electrostatic treatment 3° with a cutoff
radius of 1 nm. A 5000-step energy minimization was performed using the steepest descent
algorithm. Subsequently, 10-ns equilibrium run was performed under a constant number of
particles, pressure, and temperature (NPT) ensemble. The systems were heated to 300 K with
a coupling constant of 0.1 ps and the pressure was maintained to 1 bar using the Berendsen
thermostat with a coupling constant of 1.0 ps. An isothermal compressibility of 4.5x10- bar!
in all directions is set. During the equilibrium stage, all heavy atoms were restrained with a
constant force of 1000 kJmol-'nm. Long-range electrostatic interactions were calculated, with

a fourth-order spline interpolation and a Fourier spacing of 0.16 nm. Each equilibrated structure



was followed by a 500-ns production run, where the restraints on atoms were removed. Each
system was repeated twice with different random seeds. In total, four systems were studied
(SCHI, SCH2, AMA1, and AMA?2). The suffixes of “1” and “2” stand for repeats 1 and 2 in
each system. The 2-fs timestep was used for integration. Graphical images were represented
by VMD?¢. Hydrogen bond counts were defined as distance between the donor and acceptor
atoms within 0.35 nm and the angle between the donor, hydrogen, and the acceptor atoms
below 30°. Protein Allosteric Sites Server (PASSer)®” was used to calculate the cavity sizes in

the protein. The secondary structure was analyzed by “do_dssp” option in GROMACS.

Results and Discussions
Collective changes of GHSA upon glycation

First, the structural flexibility and fluctuation are investigated via C, root-mean-square-
deviations (RMSDs) (Figure 2). The structure at 0 ns was used as a reference. Overall, it
appears that glycated albumins in both forms induce slightly higher structural flexibility than
the native one (RMSD below 0.4 nm in a previous work) (Figure 2A).%® In particular, AMA
seems to promote structural flexibility (especially AMAT1). This is due to the high flexibility of
subdomain IIIB (Figure 2B). This can be confirmed by the smaller C, RMSD of AMA after by
ommitting subdomain IIIB (an inset in Figure 2A (right)). Such high flexibility at subdomain
I1IB can also be found in ligand-free and sugar-bound HSAs.** Domain I is also mobile in both
SCH and AMA (Figure 2B). Domain I and subdomain IIIB are fluctuating largely in all cases,
whereas only subdomain IIB of SCH shows higher flexibility than AMA. In contrast,
subdomains ITA and IIIA in both forms are rather rigid. This is due to the presence of bound
glucose molecules at Sudlow’s site I (this drug-binding site is located at the interface of

subdomains I1A and IIIA).
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Figure 2 C, RMSDs of the whole protein (A) and each subdomain (B) in all systems. The inset
in the upper-right shows the results without subdomain I1IB.

The superimposition of 0 and 500 ns structures (Figures 3A and B) captures the clear
inward movement of domain I and subdomain IIIB in all cases. To extract the main protein
motion, Principal Component Analysis (PCA) was also performed (Figures 3A, B and S2).
Only principal component 1 (PC1) is used from this calculation because it accounts for the
main motion (Figure S2 in supplementary information). PC1 clearly reveals the “twisting”
motion of domains I and III where the two domains move towards one another (Figure 3AB,
and S2 in supplementary information). The presence of covalently bound GLO seems to alter
the protein dynamics. Unlike GHSA shown here, domains I and III of native albumins and

albumins with non-covalently bound ligands including monosaccharides perform the



scissoring-like movement. 34> This finding confirms that glycation of albumin induces the
change in albumin dynamics. Furthermore, the glycation also disrupts the compactness of the
protein structure in both SCH and AMA (Figure S3 in supplementary information). Compared
to native HSA, the denaturation of protein structure is identified in both cases (Table 1). This
structure decomposition is in good agreement with previous experimental studies.** 43
Approximately ~10% helicity is lost in SCH and AMA. These regions seem to mostly
decompose into turns (Table 1). The superimpositions of the initial (0 ns) and final (500 ns)
structures (Figure 3) clearly show that the helix unfolding occurs at domain I and subdomain
IIB. The glycation clearly triggers the helical decomposition at domains I and III. Such

unfolding appears to interfere with the protein dynamics, leading to the “twisting” motion

(Figure 3A,B). This also indicates that the twisting motion and helix unfolding are correlated.
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hydroxyl oxygen on Y84. (D) Number of C34-Y84 hydrogen bonds as a function of time. (E)
Reorientation of W214 in the pocket.

Table 1 Percentages of secondary structure of all systems. The data for native HSA was
computed from the crystal structure of ligand-free albumin (PDB code: 1A06). For AMA and
SCH, the final shapshot (500ns) of SCH and AMA in each system were used for calculation.

SYSTEM HELIX (%) | TURN (%) | COIL (%)
NATIVE HSA | 68.21 17.44 12.99
SCH1 57.44 26.56 15.88
SCH2 59.91 23.77 15.94
AMAL 58.50 25.99 15.31
AMA?2 61.01 24.40 14.42

Furtheremore, the reactivity of C34 in each system is explored (Figure 3C,D). In
general, albumins contain 17 conserved disulfide bonds to stabilize their structures*® . Most
albumins have one cysteine at position 34 (C34) that is out of the disulfide network. C34 was
reported to contribute to the redox homeostasis in the circulation and exert anti-oxidative
activity, oxidative stress*’, and brain rejuvenation. The C34 reactivity varies among albumins
depending on the water accessibility to the thiol group. Thus, C34 is of interest for its ability
to become an acceptor for a site-selective covalent drug conjugation*®. In HSA, C34 can
interact with its neighbor, Y84, which helps to modulate C34 reactivity and protect C34 from
reactions.*” On the contrary, Y84 in animal albumins rather interacts with Q33, causing free
C34 to be more reactive.*!> 430 In GHSA, although the short C34-Y84 distances are captured,
no permanent C34-Y84 hydrogen bond is found (Figure 3C,D). Only occasional C34-Y84
hydrogen bonds and no Y84-Q33 interaction is observed. Such lack of C34-Y84 interactions
in GHSA indicates the more solvent exposed and more reactive environment about C34.

The reorientation of W214, which is a key for measuring spectroscopic characteristics
of HSA, is further found (Figure 3E). W214 resides in Sudlow’s site I. A presence of bound
ligand can alter the dynamic movement of W214, leading to a change in its spectroscopic
properties. Thus, the spectroscopic characteristics of W214 is commonly used to determine the
ligand-binding capability.®>!->3 Compared to native HSA>4, the rotameric states of W214 in
SCH1, AMAI, and AMA?2 differ from that in native HSA (Figure 3E and S4 in supplementary
information). This indicates that the change in W214 microenvironment inside Sudlow’s site I

can make GHSA spectroscopically different from the apo HSA.



Effect of glycation to the ligand-binding sites

Sudlow’s sites I and II are known to function as drug carriers. The glycation of HSA
was reported to impact both protein structure and function.!'® In our MD trajectories, both
glucose isomers were kept inside a pocket in AMA, while the escape of GLC was observed in
SCH. To examine the effect of glycation on ligand binding ability, the binding cavities in all
GHSAs as well as native HSA were computed using PASSer.>” The last snapshots (500 ns) of
SCH and AMA were used to predict the binding cavities. The three largest cavities are
displayed in red (Sudlow’s site 1), orange, and yellow VAW surfaces (Figure 4A). Sudlow’s
site I is found to be the largest binding pocket . This finding agrees well with previous
works.!*!5 Nonetheless, upon glycation, the notable size alteration of ligand-binding pocket is
spotted. These changes highlight the impairment of ligand-binding capability of GHSA. The
cavity sizes of main drug-binding sites (Sudlow’s site I and II) are further investigated by
calculating the cavity volumes of Sudlow’s site I and II (Figure 4B). As expected, Sudlow’s
site I remains larger than Sudlow’s site 11, as is the case in native HSA. However, compared to
apo HSA !, the presence of covalently bound GLO seems to expand the cavity volume at
Sudlow’s site I, while a slightly smaller size of Sudlow’s site II is found in both SCH and
AMA. The glycation seems to have more impact on Sudlow’s site I than the site II. Further
study is required to examine the ligand-binding ability at Sudlow’s site II. We note that the
escape of GLC in SCH was not caused by the enlargement of the cavity size since both SCH
and AMA provide similar size for Sudlow’s site I. Further in-depth analyses are be discussed

in the next section.
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Figure 4 (A) Cartoon views of the native HSA and GHSA at 500 ns with three largest cavities
from all systems. The cavities are computed by PASSer.>* The three largest cavities are
displayed in red, orange, and yellow VdW surfaces. (B) Solvent accessible surface areas of

Sudlow’s site I (left two) and II (right two) as a function of time.

Apart from the drug-binding sites, the effect of glycation on fatty acid (FA)-binding
sites is also investigated. The solvent accessible surface areas of nine FA-binding sites are
computed in comparison to those of native HSA (Table 2). These nine FA-binding sites have
been identified for medium chain fatty acids.'® In Table 2, the severe shrinking of all FA-
binding sites is found in all GHSA forms. This suggests the deterioration of FA-binding
capability of GHSA. Especially in FA2 and FAS8, ~30% size reductions are found (Table 2).
Such size reduction can disrupt or impede FA binding to these sites. FA2 and FAS, located
between subdomains IA and IIA and between subdomain IB and IIIA, respectively, (Figure 1)
are dwindled due to the twisting motion that causes the inward movement of domains I and III.
This finding highlights the loss of FA binding capability and also explains why glycated

albumin was found to lose its FA binding ability in the previous experimental studies.>

Table 2 Solvent accessible surface areas of nine fatty acid sites (FA1-FA9) with standard

deviation.
FA'];’iitr;dmg (PDgii os | SCHI SCH2 AMAL1 AMA?2

FAIL 12.951 | 10.86£0.34 | 10.030.52 | 10.82+0.35 | 10.71+0.38
FA2 11246 | 7.56+0.52 | 7324026 | 8.54+041 | 7.85:0.51

FA3,FA4 17214 | 13.20£0.26 | 13.13£0.26 | 13.04£0.26 | 13.10:0.34
FAS 8712 | 610025 | 6.53:047 | 6512042 | 6.18+0.33
FA6 7096 | 5.79+0.19 | 5.83+0.15 | 5.79£0.17 | 5.73£0.20
FA7 7841 | 641£0.16 | 646:0.16 | 6.40£0.16 | 6.38+0.15
FAS 16235 | 12.70£0.52 | 13.470.41 | 13.25:0.40 | 13.1420.40
FA9 7349 | 5714036 | 5.57+0.33 | 5.94+033 | 5.60:033

GHSA binding site characteristics
Finally, the binding mechanisms of both sugars are investigated. As mentioned earlier,
the release of GLC in SCH is observed, while GLC in AMA remains inside Sudlow’s site |

throughout the course of simulations (Figure 5). It can be seen that GLO is more mobile in



SCH than AMA (Figure 5A). The high mobility of GLO chain in SCH causes less interactions
with the protein and eventually more water exposure, compared to the case in AMA (Table 3).
In the case of GLC, both SCH and AMA show similar numbers of protein and water contacts
(Table 3). Thus, the hydrogen bonds with protein and water cannot be used to distinguish the
stability of GLC inside a pocket of both glycated forms. However, one of the key factors that
can differentiate SCH from AMA is the formation of sugar-sugar dimer which is only seen in
SCH (Figure 6). The high flexibility and more water exposure of GLO seen in SCH can
facilitate the GLO-GLC pairing and initiate the delocalization of GLC which leads to the
dissociation of GLC in SCH (Figure 5A). Note that GLC in AMA has similar number of
albumin and water interactions as GLC in SCH (Table 3). The more rigid GLO chain in AMA
and no sugar-sugar contact allow GLC to be localized inside a pocket (Table 3 and Figure SA
and 6). Consequently, the GLO flexibility and sugar-sugar dimer formation seems to define the
binding capability of GLC to Sudlow’s site 1.
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Figure 5 (A) Cartoon views of GLO and GLC displacements as a function of time for all
systems. (B) Architectures of Sudlow’s site I where residues interacting with GLO and GLC

are labelled in pink and green, respectively. Pink boxes with green edge refer to residues that



can interact with both GLO and GLC. Two curved lines stand for the wall of binding cavity.
The arrows indicate the direction of GLO and GLC movement in SCH.

Table 3 Number of hydrogen bonds for sugar-sugar, sugar-protein, and sugar-water in all

systems.
SCH1 SCH2 AMAI AMA?2
GLO-Protein 1.98+1.17 1.58+1.53 2.40+0.97 2.89+1.17
GLO-water 5.28+1.67 515+ 1.66 | 4.83+1.52 4.18+1.85
GLC-Protein 3.98+1.30 3.09 +1.41 2.40+1.21 3.23+1.02
GLC-water 4.28+1.61 5.06+1.84 | 5.12+1.49 4.97+1.67

The nature of GLC and GLO inside the drug-binding site is further investigated. In both
GHSA forms, the GLC displacement inside a pocket is found due to the large cavity of
Sudlow’s site 1. This GLC displacement was also found in our previous non-covalently bound
glucose-albumin studies**>*. The orientations of each sugar as a function of time can be seen
in Figure S5 and S6 in supplementary information. GLCs in both SCH and AMA seem to bind
at different locations. GLC in AMA is more buried inside a pocket, whereas GLC in SCH
moves toward the pocket entrance (Figure 5B). The sugar-residue interactions can be seen in
Figure 6. In SCH, the flexible GLO chain permits it to relocate from the right to the center of
a pocket (Figure 5B). GLO in SCH1 breaks down the interactions with S192, K436, and D451
displace to the center of a pocket by forming a new interaction network with E153, R160, E292
(Figure 6). The long-lasting interaction with E188 in SCH1 indicates its role in sweeping GLO
from the right to the center of a pocket (Figure 5B,6). For GLO in SCH2, it stays in a similar
zone to that in SCHI, but GLO seems to diffuse inside the pocket by transient hydrogen bonds
to R160, E188, R218, E292, and D451 (Figure 5B and 6). In the case of GLC, both GLCs in
SCHs exit the pocket at ~300 ns (SCH1) and ~400 ns (SCH2). These GLCs are initially located
at the center of the pocket and interact with E153, S192, K195, Q196, K199, W214, R128,
H242,R257, H288, E292, D451 (Figure 6). GLC can also form a hydrogen bond with the GLO-
K195 complex. It is clear in Figure 6 that the GLO-GLC dimer formation disrupts the GLC-
protein interactions at the left of the pocket wall, leading to the relocation of GLC to the middle
region (Figure 5B,6). Evidently, the long and flexible GLO-K195 chain in SCH does not only



drag GLC out to the center, but, in assistance with K199 and E292, it also sweeps GLC to the
pocket entrance and results in the GLC release.

Unlike SCH, GLC in AMA moves towards the left wall and gets stabilized by Y150,
E153, Q196, K199, R218, R222, H242, R257, S287, H288, A291, and E292 (Figure 6). The
displacement of GLC inside a pocket is also seen in GLC in SCH, but GLC in AMA seems to
be permanently tethered by Q196, K199, and H242 in AMA1 and E153, K199, and E292 in
AMAZ2 (Figure 5B,6). This interaction network can strongly trap GLC inside Sudlow’s site 1.
Furthermore, the absence of GLO-GLC dimer formation in AMA appears to sustain the GLC-
protein complex. For GLO in AMA, its sidechain appears to point towards the pocket entrance
and forms hydrogen bonds with E153, E188, S192, R218, H288, and E292 (Figure 5B,6).
Especially, E188 and E292 are the main contributor for anchoring GLO at the center, resulting
in the enhancement of GLO rigidity in AMA, whereas the interactions with E188 and E292 are
transient in SCH and leads to the flexible GLO chain (Figure 6).
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Figure 6 Number of hydrogen bonds as a function of time between sugar molecules (GLO and
GLC) and key residues.

To investigate the route of GLC exit in SCH, the dimension of the pocket entrance is
measured (Figure 7). As reported above, the glycation causes the twisting movement of
domains I and III. This twisting motion shifts domain I inwardly, resulting in the dimensional
change of the mouth of Sudlow’s site I (Figure 7A). The decrease of F156-E294 and E188-
C448 C,-C, distances (Figure 7BC) demonstrates the inward movement of domain I in all
cases. The distance between E294 and C448 at the entrance is used to determine the width of
the pocket entrance (Figure 7D). The longer E294-C448 distance in SCH suggests the widening
of Sudlow’s site’s mouth in SCH, while the domain movement causes the insignificant change
in E294-C448 distance of AMA. Apparently, the high mobility of GLO chain and enlargement
of the pocket entrance in SCH facilitate the exit of GLC. In contrast, the preserved mouth

dimension and more rigid GLO allow GLC in AMA to be kept stably inside the pocket.
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Figure 7 (A) Location of C, of residues used to measure the entrance dimension (E188, F156,
E294, and C448) of Sudlow’s site I (left) and the bottom view of the inward movement of
domains I and III (right). C,-C,, distances of F156-E294 (B), E188-C448 (C), and E294-C448

(D).

Conclusion
The current work confirms that the glycation causes the alteration in HSA structure and

function which have been reported in previous experimental works % %6, Many studies have



reported the loss of drug binding affinity and structural changes during the glycation?6->7->% |

but no molecular detail was provided. Herein, we found that the glycation at Sudlow’s site |
does not only cause the helical unfolding, especially at domains I and III, but also alter the
protein dynamics. The twisting motion of GHSA causes domains I and III to move in an inward
direction. This motion also induces a number of changes, i.e., (i) the widening of Sudlow’s site
I entrance, (i1) the size reduction of nine FA-binding pockets, (iii) the enlargement of Sudlow’s
site I and the reduction of Sudlow’s site II, (iv) the enhancement of C34 reactivity, and (v) the
change in W214 microenvironment. SCH seems to disrupt the structure and function of GHSA

more than AMA. Glycated albumin has been recognized as a potential biomarker for diabetes

2,60-62 63-65

mellitus , chronic kidney diseases®’°~, and antineutrophil cytoplasmic antibody-associated
vasculitis (AAV).% Many attempts have been made to detect GHSA quantity®’-’!. One of the
key bottlenecks for the effective GHSA-detecting strategy is to differentiate GHSA from native
HSA in a sample. Therefore, the structural and dynamic insights obtained here will benefit the
design of specific and selective strategies for GHSA detection. Nevertheless, here the effect of
glycation was studied for only one site, K195. The microscopic impact of multiple glycation

on albumin structure and function thus remains to be investigated.
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