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ABSTRACT

This study features an assessment of multiple density functionals in calculating the
molecular structures and inherent properties in simple carbohydrates participating in
nonenzymatic glycation involving amino acids and proteins in Maillard reactions.
Calculations of chemical reactivity descriptors is attained in each molecular system using
Conceptual DFT. A cross-sectional comparison of results obtained through ASCF procedure
is attained to check for accuracy and validity of the density functional in “Koopmans in DFT"
(KID) procedure. The Fukui function indices and condensed dual descriptor Af(r) are used to
examine the active sites where nucleophilic and electrophilic attacks occur. The assessment
identifies several relationships involving glycating power and reactivity descriptors. The latter
are found capable for predicting glycating behavior in complex carbohydrates.

Keywords: Computational Chemistry, Molecular Modeling, Carbohydrates, Maillard
Reaction, Conceptual DFT, Chemical Reactivity Theory

1. INTRODUCTION

The occurrences of nucleophilic addition involving nonenzymatic glycation initiate protein
glycation reaction involving a carbonyl group derived from reeducating sugars and free
amino group forming a reversible Schiff base. Progressive reactions of the glycated protems
produce complex structures identified as advanced glycation endproducts (AGEs).! The
AGEs formed have potential to initiate oxidative stress causing positive feedback loop. This
in turn enhances the oxidative destruction of the brain. This explalns the role of AGEs in
causing neurodegenerative diseases and AIzhelmer disease.” Besides, the formation of
AGEs facilitates chronic diabetic complications.> These cases make it important to
understand how various carbohydrates, amino acids and proteins react to facilitate
mechanisms of such nature. Experiments have indeed demonstrated the interaction abilityin
various carbonyl group molecules with amino groups identified as glycating power strongly
influenced by their electronic properties and molecular structures.

Adrover et al. interesting study sought examining the kinetics involved in the |nteract|on of

hexoses and pentoses with pyridoxamine - known to inhibit formation of AGEs.* Their results
revealed strong correlation in constant rates of reaction between the carbonyl group in all
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carbohydrates, pyridoxamine amino group and net NBO charges involving the carbonyl C
atom linked with either hexose or pentose. The results suggested a possibility if quantifying
the glycation power using the electronic properties of a specific molecule of reducing
carbonyl. This provided an opportunity to build enhanced scale to predict glycation power of
carbohydrates with more complex structures.

Both empirical and practical perspective emphasize the importance of complying with
procedural assignment of KS HOMO opposite and identical to the vertical ionization
potential, & = -l. The same perspective applies in KS LUMO assigned equivalent and
reverse of vertical electron affinity ¢ = -A. Besides this understanding, this empirical
procedure coins KID representing “Koopmans in DFT”. Furthermore, it implies the possibility
of estimating whether density functional behavior comply with the KID procedure. This
consideration is essential in calculating the Conceptual DFT descriptors integral in predicting
and explaining the chemical reactivity of different molecular systems. Consequently, this
study desires fulfilling two objectives. Firstly, it seeks conducting comparative examination of
the behavior of multiple density functional including those drawn from the Minnesota family
in describing the chemical reactivity of hexoses and pentoses molecular system captured in
Figure 1 below. Secondly, it seeks building enhanced glycation power scale using
experimental rate constants derived from initial reaction between carbohydrates and amino
groups. The empirical procedure will embrace Conceptual DFT descriptors calculated
accurately.

HO, =0 HO, =0 HO O HO =0
HO, 4 HO, HO, O
{ OH £ oM 4 OH
HO OH HO OH HO oM HO oH
(a) (b} (c) (d)
HO =0 HO, =0 HO =0 HO =0
HO HO / 5 HO
{ OH oH (oM £ oM
HO G HO OH HO  OM HO OH
(e) f) () (h}

HO O HC?_ =0 HO ]
HO 7 HO 5 HO 4
/ OH
HO OH HO OH HO BH

(i) i)} (k)

Fig. 1. Molecular structures of a) Allose, b) Altrose, ¢) Arabinose, d) Galactose, e)
Glucose, f) Gulose, g) Lyxose, h) Mannose, i) Ribose, j) Talose and k) Xylose

This study will feature some details and similar objectives in the Adrover et al study since
they are yet to complete the examination of glycation between amino acids and protein
through reducing carbonyls project.” While the study will publish such objectives and details,
its present focus involves simple monosaccharides of aldoses form. Specifically, the study
will examine the hexoses and pentoses leaving disaccharides and reducing carbonyls of
ketoses form in the subsequent research. As earlier mentioned, this study will include
multiple density functionals in providing a strong testing channel for the proposed KID
procedure.
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2. THEORETICAL BACKGROUND

This section features a similar theoretical background to previous researches 12 since the
study is still an ongoing project. It inclusion serves to complete the structure of this in this
stud, thereby retains the details described in those researches.®' The chemical potential,
uis captured within the conceptual DFT framework as:"*"u = (9E/IN)y,) =
—x,withxrepresenting the electronegativity. A similar approach is applied for global hardness
ndefined as n = (9*E/0ON?),qy. In addition, this study applies the finite difference
approximation for the chemical potential and global hardness as n = (I — A) = (¢, —€y) =
nk- €n and g being the energies of the highest occupied molecular orbital, (HOMO) and
lowest unoccupied molecular orbital (LUMO). The electrophilicity index, is again defined

as"w = p2/2n = (I + A)%/4( — A) ~ (e, + €)%/ 4(e, — &) = wg, while the
elegtrodonatingco'and electroacceptingw” powers are well represented
as w” =

Bl + A)?/16(I — A)=(3ey + £,)? /161, = wrgand

wt = (I +34)?/16(1 — A) =~ (ey + 3¢,)? /161, = wf,respectively. The definition emphasizes
that larger o'shows enhanced capability to accept charge and smaller o values indicating
better electron donation. The following definition of net electrophilicity has been proposed
as'’Awt = 0t — (—w7) = 0t + 0 = 0} — (~wg) = wf + g = Ao¥, as a comparison  of
the electroaccepting ®" and electrodonatingm powers.

The function f(r)illustrates a reflection of the ability of molecular sites accepting or donating
electrons defined using derivatives of p(r)with reference to N, shown as
f(@) = 0p()/ON)yq). p(rderlvatlves on the right and left arise since the electrons number N
constitutes a discrete variable.'® Further use of finite difference approximation in the above
equation produces a twofold definition of Fukui functions dependent on total electronic
densities. As such, f"(r) = py41(r) —py(r) and f7(r) = pygy — py-1(r), With pyi (1),
py(r) and py_,(r) being the electronic densities corresponding to point r for a molecular
system with N+1, N and N-1 electrons. The initial definition f*(r = associates the reactivity
to nucleophilic attack thus measuring the intramolecular reactivity occurring at site r directed
to the nucleophilic reagent. The second definition f~(r) associates the reactivity to
electrophilic attack thereby measurlng the intramolecular reactivity at r towards the
corresponding electrophilic reagent.’

This study makes reference to Morell et al '**° proposal on the local reactivity descriptor
(LRD) they identified as the dual descriptor (DD) and defined as f®(r) = Af(r). The|r
findings demonstrated its mathematical definition as a derivative of Fukui function f(r)"
relative to the electrons number N. The definition suggests Af, > 0 shows a process driven
by nucleophilic attack occurring at atom k thus leaving the atom that acts of electrophilic
species. A converse of this conclusion emerges when Af(r) < 0 indicating a process caused
by electrophilic attacks on atom k forcing it to act as nucleophilic species.

3. SETTINGS AND COMPUTATIONAL METHODS

Thisstudy adopts the previous work context as outlined in detail®'? using the Gaussian 09
series of programs to perform all the computations. Similarly, it |mplements density
functional approaches guided by the Gaussian computational package Besides, the
gradient technique was adopted to determine the equilibrium geometries that the studied
molecules assume. The computation of analytical frequencies performed on stationary sites
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facilitated the determination of vibrational frequencies and force constants. The Def2SVP
basis set to determine if they generated the true minima was applied for Bgeometry
optimization as well as the Def2TZVP set in calculating the electronic properties.?”?

The procedure uses density functionals derived from latest Minnesota family to calculate the
system properties and molecular structure. Specifically, the study uses density functional
proven of generating satisfactory results in thermodynamic properties and fitting multiple
structural systems.29 They include M11 being a range-classified hybrid meta-GGA, "M11L a
dual-range local meta-GGA,®" MN12L a unified local meta-NGA,** MN12SX a range-split
hybrid unified meta-NGA,** N12 a unified gradient approximation,® N12SX, a range-
categorized hybrid unified gradient approximation,®® SOGGA11 GGA density functional®
and SOGGA11X a mixed GGA density functional.® The acronym GGA represents the
comprehensive gradient approximation indicating the density functional dependent on
alternating spins and reduced gradient. NGA is the unified gradient approximation upon
which the functional relies upon the alternating spinning and reduced gradient densities.
Further consideration is made on other density functionals including BLYP,*"*® B3LYP,%*°
PBE,**' PBEO0,"** CAM-B3LYP,* LC-wPBE,** HSEh1PBE,"”* wB97,* wB97X,*
wB97XD,>® M05,% M052X,°"*® M06,%*° Mo6L,***° M062X>**° and MOBHF.**®" A procedural
reference was made from the SMD solvation model® in performing the IEF-PCM
computations in all the calculations using water as the solvent.

4. RESULTS AND DISCUSSION

Initial pre-optimization was obtained on the Allose, Altrose, Arabinose, Galactose, Glucose,
Mannose, Lyxose, Ribose, Talose and Xylose molecular structures. Pre-optimization
targeted MOL structures to identify the conformers that are most stable using the Avogadro
1.2.0 program.?*®* The processes applied random sampling integrated with particular
molecular mechanics methods and examination of all torsional angles. Subsequent
reoptimization was performed based on the structures assumed by produced conformers
using the 24 density functionals. This involved the Def2SVP basis set as well as SMD
solvation approach with water the solvent in all processes.

The calculation of the global electrophilicityw, electronegativity x, and global hardness nfor
the systems seeks verifying the KID procedure for validity. Additional verifications are
attained by calculating the electrodonating power , electroaccepting power ®" and net
electrophilicityAw" .

The results of the calculations performed are captured in the Tables S1A through to S24A as
Electronic Supplementary Information. The tables represent the values of HOMO orbital
energies (eV), LUMO orbital energies (depicted in terms of eV), ionization potentials | (also
in eV), electron affinities A (eV), global electronegativity depicted as yx, global hardness
represented as m, global electrophilicitym,electrodonating power o, electroaccepting power
in " and net eletrophilicity represented as Aw".The upper sections of each table represent
the results obtained assuming verified validity of Koopmans in DFT — a reason for the
subscript K. The lower segment shows results obtained by calculating vertical | as well as A.

This study uses designed descriptors to analyze results in verifying achievement of the
“Koopmans in DFT” procedure. This is inspired by preceding works,*>® to use descriptors in
relating the results achieved with those obtained through calculating HOMO and LUMO
energies using vertical | and A using a ASCF procedure.5 This study does not aim
performing a gap-fitting by minimizing the descriptor using the optimal range-separation
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parameter v. Instead, it aims checking if the density functionals used comply with the
“Koopmans in DFT” procedure with some possessing the fixed range-separation parameter
v. The designed descriptors avoid using range-separation parameter y. In addition, A is
regarded the minus energy in LUMO derived from a neutral system rather than being the
minus energy representing HOMO in a N+1 electron system as earlier mentioned.®>

The initial set of three descriptors demonstrate simple fulfilment of the “Koopmans in DFT”
procedure by associating the individual description of the HOMO-LUMO gap derived from
eqwith -land e with -A links. This fulfillment is captured as ], = |ey + Eys(N — 1) — E4(N)|,

Ja = €L + Egg(N) = Eg(N + )] and J,y, = \JZ+ 3.

The next set involves four descriptors analyzing how well the density functions predict the
global hardness, global electronegativity and electrophilicity and their combined form in
Conceptual DFT descriptors in examining orbital energies for both HOMO and LUMO
alongside vertical | and A. This is represented as J, = |y — xxl, Jy = [n — nkl, Jo» = lo — okl

and Jp, = +/JZ +Ji +J&. D1 being the initial group of Conceptual DFT descriptors.

The final set of four descriptors sought verifying how good the density functional were in
predicting the electrodonating powers  ,electroaccepting powers ®° and net
eletrophilicityAw™ and the combined case for Conceptual DFT descriptors. Again, the HOMO
and LUMO energies were considered for the vertical | and A shown as J,+ = ot — wf|,

Jo- = lo™ = wil, J 4ot = |[40* — Awi| and Jp, = J]f)+ +J2- + )%+, with D2 representing the

first group of conceptual DFT descriptors.

Tables S1B to S24B display the results obtained of J, J,, Jy, JX, Jn, o o1 Jots Jo—>
Jso+@nd Jp, for both hexoses and pentoses systems. The results displayed in Table 1

involve compiled average values for all density functional on the entire set of hexoses and
pentoses.

Table 1 illustrates the “Koopmans in DFT” procedure upholding great accuracy noted in
MN12SX a range-separated hybrid meta-NGA, N12SX a range-separated hybrid NGAand
HSEh1PBE density functionals. The table shows J,, J,, J,, having non-zero values. Indeed,
the obtained values compare favorably with the Lima et al®® findings, where the quantities
revealed generated minima by using the parameter y enforcing such behavior.

The results obtained interestingly showed the same density functionals obeying the
“Koopmans in DFT” procedure in other set of descriptors. Specifically, the fulfilment of the
procedure was noted for J,, Jn, Jo, Jp1, alongside with Jo, Joi, Jor and Jpo. These findings
are important, since they affirmed that the study could not depend solely on J;, Ja, and Ju..
Taking a case J,for demonstrate near zero values for all calculations made on all density
functional. A cross-sectional analysis shows only HSEh1PBE, MN12SX and N12SX
revealed a similar behavior. This implies the possibility of accidental cancellation of errors.
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226 Table 1.  Average descriptors J;, Ja, Jui, Jys Jns Joy Jb1s Joos Jous Jo: @and Jp, for the

227 Allose, Altrose, Arabinose, Galactose, Glucose, Gulose, Lyxose, Mannose, Ribose,

228 Talose and Xylose molecules calculated with the twenty-four density functionals and

229 the Def2TZVP basis set using water as solvent simulated with the SMD

230 parameterization of the IEF-PCM model.

231

Ji Ja JhL Jy Jn Jo Jo1 Jo- Jo: Joi Jo2

BLYP 0.439 | 0.697 | 0.826 | 0.129 | 1.136 | 0.623 | 1.303 | 1.240 | 1.112 | 2.352 | 2.882
B3LYP 0.215 | 0.272 | 0.349 | 0.039 | 0.487 | 0.159 | 0.514 | 0.303 | 0.274 | 0.577 | 0.708
PBE 0.434 | 0.693 | 0.820 | 0.130 | 1.128 | 0.662 | 1.315 | 1.319 | 1.189 | 2.508 | 3.073
PBEO 0.394 | 0.547 | 0.675 | 0.078 | 0.941 | 0.296 | 0.990 | 0.571 | 0.495 | 1.066 | 1.306
CAM-B3LYP | 1.508 | 1.812 | 2.358 | 0.152 | 3.320 | 0.700 | 3.397 | 1.268 | 1.116 | 2.383 | 2.921
LC-wPBE 2.618 | 3.167 | 4.110 | 0.275 | 5.785 | 0.994 | 5.877 | 1.765 | 1.490 | 3.255 | 3.991
HSEh1PBE 0.022 | 0.157 | 0.160 | 0.070 | 0.177 | 0.104 | 0.218 | 0.233 | 0.163 | 0.396 | 0.358
wB97 2.599 | 3.114 | 4.058 | 0.258 | 5.713 | 0.916 | 5.793 | 1.604 | 1.347 | 2.951 | 3.619
wB97X 2.425 | 2.860 | 3.750 | 0.217 | 5.284 | 0.874 | 5.361 | 4.492 | 0.191 | 2.837 | 5.318
wB97XD 2.059 | 2.376 | 3.144 | 0.158 | 4.435 | 0.782 | 4.506 | 2.868 | 1.208 | 2.575 | 4.042
MO05 0.405 | 0.629 | 0.749 | 0.112 | 1.034 | 0.311 | 1.086 | 0.614 | 0.502 | 1.116 | 1.369
M052X 1.472 | 1.740 | 2.280 | 0.134 | 3.212 | 0.668 | 3.284 | 1.201 | 1.068 | 2.269 | 2.781
MO06 0.384 | 0.515 | 0.644 | 0.071 | 0.900 | 0.267 | 0.941 | 0.511 | 0.446 | 0.957 | 1.173
MO6L 0.362 | 0.472 | 0.596 | 0.055 | 0.834 | 0.344 | 0.904 | 0.663 | 0.608 | 1.271 | 1.337
M062X 1.401 | 1.608 | 2.135 | 0.106 | 3.010 | 2.795 | 4.110 | 1.091 | 0.987 | 2.078 | 2.546
MO6HF 3.144 | 3.334 | 4.584 | 0.111 | 6.478 | 0.955 | 6.549 | 1.553 | 1.458 | 3.011 | 3.688
M11 2.462 | 2.822 | 3.746 | 0.180 | 5.284 | 0.906 | 5.365 | 1.573 | 1.393 | 2.965 | 3.634
M11L 0.503 | 0.523 | 0.544 | 0.556 | 0.633 | 0.633 | 0.711 | 0.719 | 0.807 | 0.992 | 1.092
MN12L 0.320 | 0.254 | 0.411 | 0.045 | 0.573 | 0.141 | 0.593 | 0.230 | 0.263 | 0.494 | 0.606
MN12SX 0.051 | 0.178 | 0.189 | 0.067 | 0.229 | 0.109 | 0.305 | 0.235 | 0.171 | 0.405 | 0.423
N12 0.394 | 0.690 | 0.795 | 0.148 | 1.084 | 0.550 | 1.352 | 1.105 | 0.958 | 2.063 | 1.993
N12SX 0.009 | 0.140 | 0.140 | 0.066 | 0.149 | 0.091 | 0.215 | 0.206 | 0.140 | 0.346 | 0.329
SOGGA11 0.451 | 0.761 | 0.887 | 0.155 | 1.212 | 0.699 | 1.510 | 1.400 | 1.245 | 2.645 | 2.409
SOGGA11X 1.116 | 1.215 | 1.652 | 0.054 | 2.331 | 0.506 | 2.858 | 0.891 | 0.842 | 1.733 | 3.113

232

233

234

235 Results attained on the hybrid-GGA (SOGGA11X) and GGA (SOGGA11) showed failed

236 fulfilment of the “Koopmans in DFT” procedure. A similar conclusion was reached on M11L,
237 N12 and MN12L density functionals. While the range-separated hybrid NGA and range-
238  separated hybrid meta-NGA showed usefulness in calculating Conceptual DFT descriptors,
239 it is not the same for the range-separated hybrid GGA (M11). A reflection on Table S17A
240  llustrates its inadequacy in describing the LUMO energy. This caused negative values in A
241 thereby contradicting ASCF results.

242

243  The objective of this work captured in the introduction involves finding the best description
244  for the glycating power of carbohydrates based upon accurate calculations on the
245 Conceptual DFT descriptors. In light of this, we plotted various Conceptual DFT descriptors
246  values as captured on tables S1A- S24A against the reaction constants of monosaccharides
247  while reacting with pyridoxamine (k;) from the Adrover et al study.* Performing a visual
248 inspection of the plots show the best correlations occurring between global
249  electrophilicitywand ks This mandates performing a linear regression analysis on the results
250 obtained defined as GP =aw + b with GP representing ks, a being the slope and b
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interception point in the linear correlation. Table 2 shows the results obtained from the linear
analysis on the 24 density functionals.

Table 2.  Linear regression parameters: Slope a, Interception b, Multiple Correlation
Coefficient MCC, Typical Error TE and Mean Absolute Deviation MAD for the Allose,
Altrose, Arabinose, Galactose, Glucose, Gulose, Lyxose, Mannose, Ribose, Talose
and Xylose molecules calculated with the twenty-four density functionals and the
Def2TZVP basis set using water as solvent simulated with the SMD parameterization
of the IEF-PCM model.

a b MCC TE MAD
BLYP 55.5758 -82.4942 0.9498 0.9822 0.7899
B3LYP 65.6780 -102.3943 0.9621 0.8557 0.6722
PBE 45.1506 -65.9714 0.9337 1.1242 0.8727
PBEO 60.7400 -93.1869 0.9491 0.9886 0.8065
CAM-B3LYP 61.1536 -96.6709 0.9489 0.9905 0.8188
LC-wPBE 58.5259 -97.2502 0.9183 1.2429 1.0103
HSEh1PBE 60.2928 -92.7533 0.9507 0.9735 0.7872
wB97 62.6414 -96.7526 0.9328 1.1314 0.9622
wB97X 65.0791 -100.5809 0.9374 1.0933 0.9264
wB97XD 68.1462 -103.7450 0.9536 0.9447 0.7787
M05 64.3896 -91.3532 0.9483 0.9968 0.7813
M052X 72.4292 -117.3654 0.9539 0.9243 0.7444
MO06 66.3025 -100.5016 0.9646 0.8283 0.5917
MO6L 70.5378 -98.7481 0.9446 1.0303 0.6763
M062X 79.5595 -126.0879 0.9545 0.9362 0.7588
MO6HF 79.7895 -137.5252 0.9497 0.9834 0.6850
M11 65.2613 -107.5261 0.9288 1.1637 0.9199
M11L 63.5265 -95.4417 0.9359 1.1059 0.8112
MN12L 82.8255 -109.8228 0.9362 1.1033 0.7651
MN12SX 87.5200 -134.3312 0.9532 0.9496 0.5840
N12 38.4658 -46.5835 0.8808 1.4863 1.2332
N12SX 44.9554 -64.3326 0.6430 2.4044 1.4311
SOGGA11 -4.7053 16.6130 0.1009 3.1233 2.1970
SOGGA11X -21.8945 46.2125 0.7377 2.1195 1.7211

The results show high MCC figures for most functionals, though different for N12, N12SX,
and SOGGA11 and SOGGA11X. A similar magnitude is noted for typical error values, again
different for N12, N12SX, SOGGA11 and SOGGA11X whose values 2 to 3 times greater.
The MAD display disparate values for the density functional with M06 and MN12SX having
the best results of below 0.6.

It is equally important to monitor the inclusion of local descriptors in the above linear
correlations. This inclusion would serve checking if enhanced description of the glycating
power is possible, specifically by obtaining lower MAD.

The use of condensed Fukui functions could also help to identify the reactivity site that each
atom occupies in the studied molecules. The following condensed Fukui functions were
applied: fi = q, (N + 1) — q,(N) showing the nucleophilic attack, f, = q,(N) — q,(N — 1)
testing electrophilic attack and f2 = [q,(N + 1) — q,(N)]/2 indicating radical attack, with
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qrshowing the atom k gross charge in the studied molecules. It is worth mentioning that
AOMix program for molecular analysis®”®® was applied to calculate the condensed Fukui
functions.

The condensed dual descriptor derived from the condensed Fukui functions is defined as
Af, = £ — f7."*®This definition reveals that the dual descriptors sign is critical in
characterizing the site reactivity in a molecule, either showing an electrophilic or nucleophilic
attack. This suggests that Af, < 0shows electrophilic attack while that Af, < 0 a nucleophilic
attack.'#%%%°

The condensed dual descriptor Afywas again computed using the M06 and MN12SX density
functionals over carbonyl C atoms on Allose, Altrose, Arabinose, Galactose, Glucose,
Gulose, Lyxose, Mannose, Ribose, Talose and Xylose molecules with the Def2TZVP basis
set and water serving as the solvent simulated using the SMD parametrization of the |EF-
PCM model. Table 3 displays the results obtained.

Table 3. Condensed dual descriptors Afy over the carbonyl C atoms of theAllose,
Altrose, Arabinose, Galactose, Glucose, Gulose, Lyxose, Mannose, Ribose, Talose
and Xylose molecules calculated with the M06 and MN12SX density functionals and
the Def2TZVP basis set using water as solvent simulated with the SMD
parameterization of the IEF-PCM model.

MO06 MN12SX
Allose 0.6172 0.6154
Altrose 0.6077 0.5964
Arabinose 0.5558 0.5554
Galactose 0.5691 0.6171
Glucose 0.6140 0.6117
Gulose 0.6278 0.6292
Lyxose 0.5938 0.6027
Mannose 0.6005 0.5957
Ribose 0.5923 0.5835
Talose 0.5960 0.5893
Xylose 0.6099 0.6089

From the results displayed, a new linear regression analysis was necessary to improve the
prediction of the glycating power. A new equation was used GP = a,;w + a,Afy +b. GP
represents ks while ay, a; and b illustrated the correlation parameters. The results facilitated
an input to analyze M06 and MN12SX further as shown in Table 4.

Table 4. Linear regression parameters a{, a2, and b, Multiple Correlation
Coefficient MCC, Typical Error TE and Mean Absolute Deviation MAD for the Allose,
Altrose, Arabinose, Galactose, Glucose, Gulose, Lyxose, Mannose, Ribose, Talose
and Xylose molecules calculated with the M06 and MN12SX density functionals and
the Def2TZVP basis set using water as solvent simulated with the SMD
parametrization of the IEF-PCM model.

a a, b MCC TE MAD
MO06 68.7579 | -8.9367 | -99.226 | 0.966 0.8613 0.589
MN12SX | 94.6491 | -29.596 | -128.28 | 0.9706 | 0.8014 | 0.5212
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The values for MAD shows an improvement for the MN12SX density functional. From this
change, the following formula can be applied in predicting the glycating power (GP) of
carbohydrates with simple structures GP = 94.6491 w — 29.5963 Af, — 128.2751, with ®
being the global electrophilicity and Af, representing the condensed dual descriptor whose
values are computed using MN12SX with the Def2TZVP basis set with water serving as the
solvent simulated using the SMD parametrization on IEF-PCM model.

5. CONCLUSIONS

This study investigated compliance with the “Koopmans in DFT” procedure in the Minnesota
family of density functionals - (M11, M11L, MN12L, MN12SX, N12, N12SX, SOGGA11 and
SOGGA11X)and 16 usual density functionals by comparing their derived values for HOMO
and LUMO energies with those generated using the ASCF approach. The results
demonstrate that N12SX a range-separated hybrid NGA, HSEh11PBE and MN12SX a
range-separated hybrid meta-NGA functional are the best for achieving the study objective.
They demonstrate as a good alternative in their use than density functionals that feature a
behavior tuned using a gap-fitting procedure. They represent applicability in describing
chemical reactivity of large-sized molecules.

The results obtained for this work shows the ability to predict the interaction sites of simple
carbohydrates by applying DFT-based descriptors of chemical reactivity. Such include global
electronegativity, global hardness, global electrophilicity, electrodonating powers,
electroaccepting powers, net electrophilicity, Fukui function and condensed dual descriptor.
Their use in characterizing and describing preferred reactivity sites generated a firm
explanation on the molecule reactivity.

The results show a good relationship existing between glycating power GP in carbohydrates
of simple structures and several Conceptual DFT descriptors. This is demonstrated by
computations applying MN12SX density functional and the Def2TZVP basis set where water
acts as the solvent simulated through SMD parametrization guided by the IEF-PCM model.
The results reveal that MN12SX/Def2TZVP/SMD-Water model best accomplish the
“Koopmans in DFT” procedure and successfully predicts glycating power in simple
carbohydrates. This confirms its applicability in studying the behavior of molecules with
carbonyl C atoms involved in the Maillard reaction for specific complex carbohydrates.

The introduction section captures the basis of this study as a part of ongoing project to
examine glycation occurring in amino acids and perhaps proteins from reducing carbonyls in
the formation of AGEs inhibitors. This study focuses on monosaccharides assuming hexoses
and pentoses in a comparison with results obtained from other experimental studies.
Subsequent studying of ketoses would be interesting especially examining the fructose
involved in Maillard reaction. The findings obtained in this study do not possibly allow
speculations about the comparison of the GP of fructose with aldoses results. However, the
findings can foresight that since fructose assumes a greater open-chain form than glucose, it
will probably have a higher GP.
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