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Regulation of Calcium Absorption in Caco-2 Cells by Aspartic Acid,
Glutamic Acid and Their Glycine Dipeptides

LIU Jiachen, LIYi, CHENG Yonggiang, TANG Ning’

(College of Food Science & Nutritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract: In order to investigate the mechanism of aspartic acid, glutamic acid and their glycine dipeptides on calcium ion
uptake, the isothermal titration calorimetry technique, electrochemistry, and Caco-2 cell model combined with quantum
mechanical calculation (density functional theory) were used to investigate the interactions between aspartic acid and
glutamic acid, as well as their glycine dipeptides. The results showed that aspartic acid and glutamic acid form complexes
with calcium ions through exothermic reactions driven by enthalpy and entropy, while their dipeptides interacted with
calcium ions by entropy-driven endothermic reactions. In addition, dipeptides exhibited stronger calcium binding capacity
than the single amino acids. Quantum chemical calculations showed that the carboxyl groups in the amino acid/dipeptide
were the main binding site of calcium ions, while under alkaline conditions, the amino group could also participate in
calcium binding, leading to a calcium binding site shift. Caco-2 cell uptake experiments showed that aspartic acid, glutamic
acid and their dipeptides could promote calcium absorption. Among them, Gly-Glu dipeptide had the best promotion effect,
and the calcium absorption rate was 1.33+0.115. Furthermore, there was no clear correlation between the ability to promote
calcium absorption and the ability to bind calcium ions. However, it was more closely related to its electron affinity. The
results elucidated the interactions between aspartic acid, glutamic acid and their glycine dipeptides and calcium ions,
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providing scientific basis for further development of calcium supplements

Key words: aspartic acid; glutamic acid; glycine; Caco-2 cell model; calcium absorption; quantum chemical calculations
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Table 1 Thermodynamic parameters of amino acids and their glycine dipeptides binding with calcium determined by isothermal
titration calorimetry
FEGh K,(mol/L) n AH(kJ/mol) K,(L/mol) AS(J/mol-K) AG(kJ/mol)
GlyNa (1.17+0.89)x107* 0.36+0.05 —0.41£0.16 853 54.73 -16.73
AspNa (6.38+3.33)x10™* 0.1+0.15 —1.78£1.15 157 36.06 -12.53
GluNa (9.97+6.98)x107° 0.1+£0.21 —2.54+1.94 100 29.79 -11.42
Gly-Asp (3.99+3.88)x107° 0.48+0.1 0.63+0.53 251 48.03 -13.7
Gly-Glu (1.3£0.62)x10°* 0.1+£0.22 3.68+2.37 77 48.44 -10.76

T Ko B RG n: AL R A 258055 AS: 25805 AG: FA6HT A g K, 258 W4
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Table 2 Thermodynamic parameters in the Calcium—amino acid/dipeptide solution systems at 25 C

R pH T (molL) T (mol/L)  [Ca®](mol/L) o I Yeo! L (mol/L)  [CaL7)(mol/L)  K,(L/mol)
Gly 72 0.001 0.01 0.00070 0.00055  0.0030  0.79 0.048 0.00030 9
Asp 74 0.001 0.01 0.00065 0.00041 0.012 0.64 0.0084 0.00035 103
Glu 72 0.001 0.01 0.00074 0.00048  0.012 0.64 0.0083 0.00026 65
AspNa 74 0.001 0.1 0.00045 0.00017 0.10 0.37 0.099 0.00055 34
GluNa 72 0.001 0.1 0.00048 0.00018 0.10 0.37 0.099 0.00052 29
Gly-Asp 7.6 0.001 0.01 0.00058 0.00038  0.011 0.65 0.0084 0.00042 132
Gly-Glu 7.1 0.001 0.01 0.00059 0.00038 0.012 0.64 0.0084 0.00041 128

T T BASHEE; T N RCR SR o
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Table 3 DFT-calculated parameters of ligands in zwitterionic forms

bem K WAYE Epovo ELumo B CP MBI LB SRAPE 1P EA Epna AC i} ity AHuinging
(D) (auw) (ev) (eV) (eV) (eV) (eV) (eV)  (eV) (eV) (eV) (kcal/mol) (cal/mol K) (cal/molK) (kJ/mol)

Gly 12.08 4249 -6.56 057 -7.12 2.99 3.56 0.14 1.74 126 6.56 —-0.57 53.97 17.13 72.72  -93.36
Asp 16.04 7832 -5.67 0.72 -6.39 247 3.19 0.16 1.56 0.95 5.66 -0.72 75.12 30.47 93.80 —170.48
Glu 17.70 93.18 -5.50 0.75 —6.25 2.38 3.12 0.16 1.54 090 5.0 —-0.75 93.81 3534 103.70 —186.52
Gly-Asp 30.66 119.64 -5.56 020 -5.77 2.68 2.88 0.17 1.53 125 5.56 —-0.20 113.28 45.17 115.49 -180.23
Gly-Glu 41.63 133.99 —-532 0.037 —5.36 2.64 2.68 0.19 .51 130 532 —0.037 131.91 50.59 124.60 —200.37
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Table 4 DFT-calculated parameters of ligands in deprotonated forms
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(D) (auw) (ev) (eV) (eV) (ev) (eV) (eV) (eV) (eV) (eV) (kcal/mol) (cal/molK) (cal/mol K) (kJ/mol)
Gly 453 4476 -529 175 -7.04 177  3.52 0.14 045 529 -1.75 4511 17.14 73.52 1.66 —154.24
Asp 827 8084 -522 177 -7.00 1.72  3.50 0.14 042 522 -1.77  66.51 30.08 9446 149 -252.30
Glu 808 9617 -524 145 —6.68 1.89  3.34 0.15 0.54 524 -145  84.89 35.12 103.88 148 -239.10
Gly-Asp 11.39 121.82 -532 0.83 —6.15 224  3.07 0.16 0.82 532 —0.83 104.09 45.29 118.84 147 -225.64
Gly-Glu 19.90 13626 -527 0.79 —-6.06 224  3.03 0.17 0.83 527 079 122.71 50.66 12543 145 -217.16

JiFRasE D T BRSPS TR, R A
o HL PR T | AR N R R A s, S R
BRI B 558 i A PR 00 Ik, R X
(13)~zX(16) P47 T4

_ EHOMO + ELUMO

= = ~Froe ! x (13)

T]:IJ’-A:_ELUMO_EHOMO £ (14)
2 2
2

w=% & (15
2n
1

o= — = (16)
2n

H: Eyomo M S5 THUERE: ELgpo N
FARR o THUERE; ¢ M AYE, RS T Hy
BE T A5 3 T s 3 A SR g5 nh
AT L s w AR FEEG o AR

MNFZ 3 HIZE 4 Al A, ZEWFIE AR TT iy 2 BL iR i
H 2R K, A AR AT B PR B A AR B
FEEGRE ST, 3K —4h H 5 0 AR s ) TR A PR S A —
., 74h, it Mulliken FERT 500 534 v 0, HAT 4R
SRS B T45 G RE U I ECIAR S ESTE A S S T g ES
79 Mulliken HUFTAHXTEAK . T AHyipgin 972 2

#=5

HH A B s A R RO A R s i AR Sk, axnT
REJE TR AR AN AT 20 M HOE i iy — K585 55
TLE G BN Z A DR, B B rp R
WIS DRI AN RS AR B i 2, EARAE A
—RENEE I FRE— ST . IR RIS IL
R FARRIE T, a8 Bz sRTHRL I R AR 5545
BTG R TARER, 53 2 PIISER—
B, REAETRME S T, S 3R I S5 555
F g G REAERE EEAMEN.

2.4 FEBRMEHIER ZKEEIRIAIX B R

SRt — AR I G IR S L U B MR
MISEN, $E57 Caco-2 41 I W RO 70 0] s JHCARE 405 1 1AL
fEJy, G55 5 PR,

R 5 A, HERR . REAER . FaEiR MH—
RRETA — 2 ARSI IS E T o o, H 2 R- 45 212
TR ER B L S v DR B W IACRE T, AR IR IR Sy
1.33, Hik W RA 2 (1.30) FIHERR(1.19), TS,
iR (1.01) FRIH BACAMREEIINCER . F TR, 5
CaCl, FH b (W HE4H), Glu-Tyr-Gly-Ca B B30 T 45
im H R PS5BS Glu-Tyr-Gly-Ca FYF) Mt
BT, XA W ISR ANES B 45 A e ST TAH G M
ST, G5 IR EA R AR M, X —25 RS 2 AT

S LR AN H B2 — KA B S 3 FIURE N, B4 £ 15 R WS 3 (SRAR S A 0 IR RS 45 5 4

Table 5 Calcium absorption and corresponding calcium absorption promotion factor (CaCl, as a control),

and calcium-binding enthalpy

FEh TS &S K, (L/mol) AHyjp ing-1 (kI/mol) AHy; ing 2 (kJ/mol)

Gly 0.0175+0.001 1.19+0.080 9 —93.36 —154.24

Asp 0.0191+0.0003 1.30+0.027 103 —170.48 —252.3

Glu 0.0148+0.001 1.01+0.060 65 —186.52 —239.1
Gly-Asp 0.0171+0.001 1.16+0.086 132 —180.23 —225.64
Gly-Glu 0.0196+0.002 1.33£0.115 128 —200.37 —217.16
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Fig.3 Principal component analysis of amino acids/dipeptides in zwitterionic forms
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