MR E MR Modern Food Science and Technology 2019, Vol.35, No.10

BB S NeusGo MR RIAVIBIL N NEH

Bin ', L0, TRRS, HER', KM
(L FAMKRFRBERELIARFR, TMNEARE FRRE M IEEEZRT, MM 550025)
(2. FrET R so/T T2 BRI X P, FTMFTFE 550004 )

TE: AN e/i N-Z LB 288 (NeuSGe) THL KIE, (25K fKiftAoin L2t Xe9% Ak (OH) &
AP R de, RS OHAZLIRIE R B 1T AL AL (Hy0,) FAnE 2%, 254 nm £5MT 15 422 60 min B2 NeuSGe #0f fa A8 KR
RAEH 76.23%+2.17%. AR ZIENE], BLEAM. KFFART A M062X/6-31+G (d,p) E/K-F2F OH-4E A NeuSGe 4T F
A EEAE R EIR L 69 50 5 AT RALABEARE, MO62X/def2TZVP K-F-it Frée 4. 3K, 298 K~453 K A VAR A3 An
ZRBETAE e By 7 75 A2 4 S IRAFRRL i F )y /) F 5B, 45 R A A=A T NeuSGe F H24 454 A 4% 2 AKX, 55 4 13.20 kJ/mol
F219.54 kJ/mol; 7KABTF H 29 12484 AKX 6.25 kl/mol; AAB FiEALRAKA H 39 4 8.09 kJ/mol, A8 FAkA H 38 1% 1.72 kl/mol,
KABFARA H 24 45 14.3 kI/mol; 273 % 453 K 1], NeuSGe #~-F FEHA T MARFERKTH FHAR10%E. %L, OH 2238
g2t NeuSGe AF#2 2 SR T 44 SR B #ATAB EAE A

FEER: N-R OB AR, FEZE;, TRAEN; BHARE, FE

YERS: 1673-9078(2019)010-66-75 DOI: 10.13982/j. mfst.1673-9078.2019.10.011

Theoretical and Kinetic Study of the Hydrogen Atom Abstraction

Reactions of Neu5Gc with Hydroxyl Radical

CHANG Rui*, HE Jiang?, LUO Xian-kun?, HUANG Yun-an', ZHU Qiu-jin’
(1.School of Liquor and Food Engineering, Guizhou Province Key Laboratory of Agricultural and Animal Products
Processing and Storage, Guizhou University, Guiyang 550025, China)
(2.Agricultural Product Quality Safety Supervision and Testing Center of Guiyang, Guiyang 550004, China)

Abstract: The new red meat and it’s products risk factor N-glycolylneuraminic acid (Neu5Gc) can induced inflammation, but the
interaction mechanism with the hydroxyl radicals (OH-) that related to the food consumption, metabolism process and inflammation is unclear.
The OH: simulation test showed that the optimal rate of Neu5Gc content decrease was 76.23%+2.17% at the conditions bellow, the amount of
hydrogen peroxide (H,O,) was 2% and the 254 nm UV lamp was treated for 15 minutes. To explore the reaction mechanism, the density
functional theory was used to optimize the station points and enthalpy correction of all one-step hydrogen abstraction channels of OH- on
Neu5Gce hydroxyl hydrogen and non-hydroxy hydrogen at the theoretical level of M062X/6-31+G(d, p) in the gas phase, aqueous phase and
benzene phase. The energy barrier was calculated at the level M062X/def2TZVP. Reaction rates and kinetic parameters were obtained in the 298
K~453 K range by the transition state theory and the three-parameter Arrhenius equation. Theoretical calculations showed that the minimum
hydrogen extraction energy barrier occurred at the H 24 position of Neu5Gc under the gas and benzene phase with 13.20 kJ/mol and 19.54
kJ/mol, respectively, the lowest energy barrier in the aqueous phase was 6.25 kJ/mol at H 29 position. For the lowest activation energy, in the gas
phase was 8.09 kJ/mol at the H 39 position, in the benzene phase was 1.78 kJ/mol at the H 38 position, in the aqueous phase was 14.3 kJ/mol at
the H 24 position. In the range of 273 to 453 K, the hydrogen extraction rate of the non-hydroxyl hydrogen in the Neu5Gc molecule can be up to
10® times higher than that of the hydroxyl hydrogen. In summary, the interaction mechanism of OH- with Neu5Gc was mainly through the
hydrogen extraction of NeuSGe non-hydroxyl hydrogen atoms.
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C18 it (1.7 yum, 2.1x100 mm), VRBEIAHA 100%
I (A -01%FEIKEH (B, PN (0~3 min
5% A, 3~5min 10% A, 5~6 min 100% A, 6~7 min 5%
A), iE 0.2 mL/mL, ¥ 25 C. Finiskft: &+
TN AL IR (ESD, VEIREE 100 C, 54HE
5 450 'C, BAHEHE 3000V, HEFLHLE 19V, B
AR 1000 L/, s+ 07 R, 2 5 R e il
(MRM) 3§, EESHTETXF 323.8/116.0 K, 7l
TAREREN 17 Vs EREHITE X 323.80/185.80 K,
RbFESAEE N 15V,
122 —FHEiA2E L) HFitHE

7E M062X/6-31+G(d,p)/K-F- 58 Bt Neu5Ge JLf]
MR IREN 7347, 15 BIRe B/ NI TC s,
¥, HAEDAAT S5 RIS 20 &A1 B 2R e 3
Hitit. % OH-5 Neu5Ge 73 FHPiRE R 154

67



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.10

SUXPISRE SN IR PRYITE M062X/6-31
+G (d, p) KPR BIRE RN NS5, FFE]
FHRIERE, ZPE KIER TN 09677, W&
SMD V&I 52, TSI BRI R AR AN AR 14
HI7KAH o RHRAR LT IS S5 A AT SN A SRR AL bR
IRC (Intrinsic reaction coordinate) I&iF. NEFIEFE
FERI N RS2, R M062X/def2TZVP /KF-5t i
ST REE T 55 7E KiSThelP 34460, FIET
BN DUR N H HEETH RIS RO A,  BRIERS
RN LA Wigner AT ER, SIS M
BRTHE AR (D:
o k,T TS ,% _n* xo}

k =“11L§QJeb TS ¢D)

X¥: o RREHBZRFE, b ZEELFH T HBE,
h AERLTE. Ny AT F4. QP RiTBEAMNTy
FH, QR AR ML T,

Wigner B IETHE AL (2):

2
KTV = (T)K™ST _{Prl[hU”J }kTsT

24\ kb (2)

AG & S AR A bRt E H g 2 R
Jimol), v NI I RS ALK B . B 25N E
Wigner’s £ 1E ZEU & . H, n*fl n® 435654
RS TFAE FRIREL, oA o® R R AL
N T R I T R RN R B R R, e
298 K~453 K (25 ‘C~180 ‘C) Ja MM BHEZ,

2 ZR57HS

2.1 %4 -H,0, 3t Neu5Ge FEA#1E F

SR AR E] HyO, A FE NeuSGe Ak it s oA T
TRAR RS RSN, T AR JH— A2k AT % R AN Ab E 20
1) NeuSGe #2784k, HEMifS 2% NeuSGe FrifEmm
FfiR (PA TR RIS, R 1. K 1a /]
1, [T SR AN DA, PR AR 2R it A ER N R) 384 0 i
1510 ERAIMT FLEUN PR 2 BIRE ) 22 57 2.3 (<0.05), 4k
P2 10 min 1 120 min % 7 .3 (p<0.05), {H 30 min 1
60 min ZbFRT [A] 2 AR . FERIMT A 5 W,
10 WL 15 W I, SRR 8.84%+1.36%,
21.65%+1.43%, 34.65%+1.77%. H& 1b AT%, %0
—EBMN 00,5, MR E0 LA, H 60 min
AR () FAAR SRS T 30 min ACERZH, RGN AL
R 1E] ] DR B R . X% UV-H,0, R R, AN
FUE AL PR ) 2 53 5.2 (p<0.05), ANl HaO, P INZH. 7]
R (p<0.05). 24 HyO, IR INE A 2%A40EE 30 min
I, 5 W~15 W [ EEFEfFEE 00 44.23%+1.56%,

68

61.71%+1.74%, 69.68%+1.77%, AbFE 60 min I, 5
FERRERCR N 50.51%+1.89%, 65.72%+1.65%,
76.23%42.17%, FRILEEIRIN H0, A 8H mxf
NeuS5Ge MR ARYE R 1B AT, A FHE N 15 W,
60 min, 2% H,0, i %} NeuSGe HIFE RS et

a 0r asw
35 - 10W
30 | —--15W
— %R

251
20
15+
10

z

VMR | %

0_

B 18] / min

on

80}
70 15 W (60 min)\
60 - 10 W (60 min)
50 |
40 =t
30} - >
20 _-*" 5'W (60 min)

0F F===="7"" 5 wf30 min)l AH/EE
0% 0s% 1.0% 2.0%
HEERINE/ %
B 1 ERIMHO, (4 ZRFERE NeuSGe 2R

Fig.1 Neu5Gc degradation effect of UV-H,0, system
2.2 NeuSGc H 44 . 17 B 47

NeuSGe &5t mn g ®wE 2 Frw, Xf
NeuSGe 7 H&EEF I HIRBAT T IHE, 4%
TR 1. oA 591 P IAEFI 2 A B %
FHIE, T AT 20 AT AT LA R AT 401 (1) S Mg
L R 7 H e 25 . Mulliken, CHELPG,
Hirshfeld, ADCH %%, HH 6 B fi il 22 i X el S

VMR | %

-

RN R G, 1E R (Y DX B 1)
E NSO TN S G s
H

40

[&] 2 Neu5Ge ZEHIREE
Fig.2 Schematic of Neu5Gc



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.10

72 1 Neu5Ge SEF NPA BB7T
Table 1 The NPA charge of Neu5Gc hydrogen atom

Neu5Ge A48 EN ] K8 Neu5Ge A48 AR KA8
H23 0.2224 0.2384 0.2376 H37 0.1906 0.1976 0.2139
H24 0.2089 0.2241 0.2148 H38 0.1866 0.1939 0.2062
H25 0.1804 0.1839 0.1995 H31 0.5051 0.5016 0.5014
H26 0.2324 0.2349 0.2381 H34 0.5039 0.4872 0.5038
H27 0.2331 0.2358 0.2463 H35 0.4878 0.4908 0.5194
H28 0.1753 0.2013 0.2036 H36 0.5011 0.4901 0.5103
H29 0.1840 0.1877 0.1772 H39 0.5018 0.5087 0.5415
H30 0.4430 0.4201 0.4371 H40 0.4757 0.4792 0.5083
H32 0.1674 0.1698 0.1792 H41 0.4882 0.4888 0.5072
H33 0.1950 0.1885 0.1872

3 Neu5Ge—OH- 3T iEAS L
Fig.3 Transition State Structure of Neu5Gc-OH-
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BINERAE. SAHRZRAR N, HAar A 2 H34<H31,
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H26<H27 . = Ff /v i T 9F # 5 & L far K/ i 2
H25<H24, #IEE 2 H40<H36, FKHZEMIEME
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AL RN SRR E T i — 5

23 Neu5Ge 5 OH - — ¥ A&k w

0 OH- 5 NeuSGe g ATRER) 19 4% [ M3 4 iE
TR, B3 7 MRS 12 MRS, SfilHE
SN FABETHI(PES, Potential Energy Surface), U1K 4~6
PR, RNBELMF*HIRER MK 2 B,
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4 Neu5Gc SHEIMS A EEE]
Fig.4 PES of Neu5Gc hydrogen extraction at gas

SO E 4~6 FIFK 2 WLLEH, SHAUKHT
NeuSGe & F2AEEhE I B 75 ZERER 1 BE 22 s K3
H34, 43514 57.57 kJ/mol A1 57.37 kJ/mol, Z<AH Fix
KON H41 4k 53.45 kJ/mol. <M N/ H39, 22.57
kJ/mol. TIRTAERILE, FAHFSA N HEREL2 RN
K18 H24, 4334 13.2 kJ/mol A1 19.54 kJ/mol; 7KAH
TNEUNRIY H29, 6.25 kl/mol. KA NIERIES H32
FH38 A BE 22 (35 B B/ N T 2RARA A 41 TS

69




MR B MR Modern Food Science and Technology 2019, Vol.35, No.10
RUPKAH T HoR R 03k m . =AM, R PR BE R KA TN T A T AR, XAHhET
22 K/INF 2 H40<H36 T, FEFRIRE RS2 R/ INH FAEL RPN . WK 2 hrLLEH, FEEEH
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BSEtzE TS, 5 H R E R B e 228K T, AR AL 2R KR 7 n)E T AR A

- s e
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Wpoosae o\ o | s RV T, BRI ARAE 2 PO AR Tt
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Fig.5 PES of Neu5Gc hydrogen extraction at benzene 220 + —H31 :g gg
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W 2 PR R R AT, SRR R ol UM ha
o \ - & —H41
H39 AP e R TR SR T4k, R Product Product
5&7‘}32 OHTfP %L E Xﬂ‘ﬁj\ Neu5Gce ﬁj\%éﬁ:ﬂ; @?"2 U[ﬂ ZB?’J‘ -H38 Potential enery surface at Water
ROLEAURIRIZEHT T =R R, 4h530%9-127.28 1 6 NeusGo AKIEHESAHEE
kJ/mol F1-124.09 kJ/mol, 7KAH T H37 Sir=#ptHxt = Fig.6 PES of Neu5Gc hydrogen extraction at water

%, -144.72 kJ/mol. FEFRHEE H38 Al H32 hidhEs
3 2 Neu5Ge FHMER RIiRIERE LR RES
Table 2 Energy barrier and product relative energy of all hydrogen abstraction channel of Neu5Gc

Neu5Ge %42 AR ki o
f4  F4AE/(k)/mol) 64 F#HAE/(KI/mol) B4 FHAE/(KI/mol)
H23 18.01 -106.13 31.69 97.50 24.20 -106.00
H24 13.20 -109.81 19.54 -106.78 12.97 -107.70
H25 16.35 -111.20 22.98 -106.55 14.54 -109.82
H26 35.19 -59.45 40.00 -35.50 2742 -84.78
H27 52.01 -71.80 44.39 -56.98 29.11 -79.88
H28 22.18 -104.73 36.46 -96.40 31.93 -107.70
H29 2527 -82.02 29.30 95.45 6.25 -115.63
H30 35.08 -41.38 41.28 -34.34 45.41 3822
H32 31.31 -104.83 31.65 -99.06 11.30 -105.54
H33 29.90 91.85 32.55 -84.67 16.44 -105.20
TR
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#LER

H37
H38
H31
H34
H35
H36
H39
H40
H41

29.11
25.60
54.65
57.57
49.33
56.01
22.57
40.95
53.92

-126.25
-127.28
-10.04
-30.77
-34.07
-24.92
-16.48
-55.45
-25.53

36.38
33.89
42.77
50.41
50.09
40.29
32.05
39.77
53.45

-121.44 16.28 -144.72
-124.09 12.17 -144.03
-44.55 55.39 -38.67
-36.74 57.37 -36.46
-40.25 46.14 -42.44
-32.13 41.40 -48.98
-6.55 49.45 -16.47
-39.72 38.64 -32.04
-33.63 37.08 -57.23

7 3 NeuSGe B SURIET EASEH

Table 3 Transition state structure of Neu5Gc all hydrogen abstraction reaction channel

GE ":L‘#EJ' the} Mk}
D1 DYA AP DI D2A AP DIl D2/A AP

H23 1150 1508 1539 1.148 1523 1553 1155 1511 1733
H24 1142 1532 1642 1142 1532 1659 1151 1518 1700
H25 1139 1650 148.6 1133 1702 1575 1142 1612 1618
H26 1206 1323 1599 1201 1339 1598 1180 1408  164.6
H27 1174 1414 1549 1176 1414 1552 1177 1403  169.0
H28 1.144 1553 165.0 1156 1528 1597 1147 1568 1707
H29 1168 1471 1665 1165 1495 1696 1154 1558 1571
H30 1170 1239 1473 1176 1227 1489 1130 1298 1548
H32 1170 1458 1534 1165 1482 1532 1155 1540 1516
H33 1192 1354 1441 1172 1404 1572 1152 1509 1732
H37 1159 1481  153.0 1155 1508 1558 1160 1522 1622
H38 1149 1567 157.1 1151 1559 1586 1157 1526 1708
H31 1.090 1252 1429 1.089 1256 1446 1.092 1250 1505
H34 1108 1238 1392 1100 1242 1428 1.088 1255  148.1
H35 1111 1220 1473 1113 1219 1474 1120 1209 1525
H36 1130 1199 1432 1.097 1227 1554 1.091 1250  148.1
H39 1186 1228 1529 1185 1229  153.1 1192 1226 1536
H40 1.093 1233 1483 1.081 1253 1481 1.078 1264  148.1
H41 1.100 1247 1387 1101 1243 1405 1079 1272 1477

24 Neu5Gec 5 OH:— A3t AL Ay

FREL OH- 55 NeuSGe = B it JE A IS5 M7
EEWE 2 s, 800k 3 s, HAd D1 R H
Pl AL s AR TSR C-H/O-H/N-H 8K
D2 #7~ OH-EJEFHEA i FEEFRHE S,
fily A A FoR ER=FEAEE, BRCAC.

MK 3 ATLLEH, S TRESE 75 OH-AJE
TR AN, BB R H31 A7 1.252 A,
HoE B O-H B TR K 3 1,186 A, IF1E H39
PITERER RN A 152.9° AR FERESAR 5 OH-&
JRF = AR I PEAS I, FIRETE H3 1 AL R R = 1.256

A, H39 17 O-H 455K 1.185A, H36 o 1 K 155.4°.
KA R OH-AJE TP AE R A, 78 H31 S ek
PEBY 1.256 A, H39 £ O-H 4K 1.185 A, H36 fiff
FEfK 155.4° KM FREEET5 OH- AR T AL
HEAEN, FEEREKA HAL A7 1.272, HE O-H
PR AR H39 4371192, 7E H39 A=A f KA
153.6°, IXFIH AR 75 HCO- & S M A&
SR O-H BRI 1.371 A, FTE1H 166.82°15 1A
;\15[27]o

SMFEREEFE TS OH- AR TS HK N
1.650 A(H25 1), H26 i C-H fs Kk h 1.206 A,
H29 hifafEfk 166.5°. KM FIEREAFFE
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OH- AR TP Al A, H27 A f B K 1.702, H26
A C-H f KK 1.201, H29 MAERK 169.6°
KA T AR SR 15 OH- SR T-HE B 5 Ko H25 fir
1.612, H26 fir C-H §4 KK 1.180 A, X1 OH-{E
FFe s S A S I A A BE 164°4HIE , 22 B NeuSGe
FEEREE T AA hRE R

2.5 298~453K i JF 36 B R KRk &

X NeuSGe AN [FEJE 47 s MV AE 298~453
K IR FETE N AT T, 15 BAS [FREE T B R I 2R
DR B I I R R RO Z AR AR, 1 H IR
298 K(25 C). Z&&ESE 373 K100 C)FNIE i i
F& 453 K(180 C) N1 &Il [ BOE e, 455wk 4,
M 4 LA, ANFE R EA TR SO
BEIR D A, IR RN 298 K F] 453 K
TP 5 R N5 228 SR A S Y S U S T = w28 5
(H31. H34. H35. H36. H39. H40. H41) SN

R, NEEETFRRMGER, JERIEERE R &
FHEEN 10845, 373 K ] 453 K i), SAHAERES
H27 {7 SR EAIE T 17 4%, A AR 10 £,
AR H30 REEURFALR N IRFIEER 9 1%, K
H27 1 H30 AU sh /1% LRI . R 4 7T,
Bk H27 1 H30 48, FERIEEE OH R MV IEZAE 1E-19
F| 1E-16 cm’/molecule/s Y6 2 7], Xzt N TAH 554
DL OH- % MBI PR HAF B s S R, e/
FHRRFEES OH —SHIAMERER (1E-12 3
1E-13 cm’/molecule/s) B, FH] Neu5Ge 43 FJEFc
SEoNREE, RAPIRAALL. BT Garzon L)
G OH- -OCH; S5 35 Sk AR B E 55
FWLER, KIL NeusSGe 5 OH- [ BiE Hawiz /N T
DR, {XF1-OCH; [ B A 24PY, 21 NeuSGe
A EMPUANEEST, FFER, NeuSGe FRIEMERK
IARBIAEIE (43343 kI/mol) FAEHHEA —EHt
Ak RE P,

24 298 K, 373 K #1453 K T~ Neu5SGc 3SR MIRZE (BAiL: cm’/molecule/s)
Table 4 Rate of hydrogen abstraction of Neu5Gc at 298K. 373K and 453K (cm®/molecule/s)

A48 FAR 7KAR
298 K 373K 453K 298 K 33K 453K 298 K 373K 453K
H23 348E-17 159E-16 4.95E-16 2.00E-19 2.82E-18 1.93E-17 743E-18 4.18E-17 151E-16
H24 131E-16 3.98E-16 9.30E-16 1.65E-17 831E-17 2.78E-16 8.04E-16 1.88E-15 3.70E-15
H25 4.17E-17 198E-16 6.30E-16 3.60E-18 3.31E-17 1.66E-16 1.54E-16 4.82E-16 1.14E-15
H26 8.93E-19 875E-18 4.69E-17 1.13E-19 ~ 1.70E-18 1.24E-17 1.81E-18 129E-17 5.50E-17
H27 5.96E-22 3.02E-20 5.17E-19 569E-20 143E-18 1.50E-17 490E-18 349E-17 1.51E-16
H28 227E-17 137E-16 524E-16 320E-20 547E-19 4.35E-18 2.60E-19 3.10E-18 1.91E-17
H29 1.72E-17 1.09E-16 431E-16 4.19E-18 3.74E-17 1.89E-16 3.81E-15 5.35E-15 7.34E-15
H30 9.42E-19 9.45E-18 5.09E-17 1.45E-19 240E-18 1.82E-17 586E-21 1.30E-19 120E-18
H32 1.03E-18 1.08E-17 6.05E-17 4.92E-18 5.12E-17 2.88E-16 1.09E-14 244E-14 4.62E-14
H33 4.03E-18 3.54E-17 1.75E-16 2.13E-18 2.09E-17 1.12E-16 1.58E-16 4.95E-16 1.18E-15
H37 ~ 2.11E-17 1.79E-16 8.74E-16 538E-19 8.66E-18 6.63E-17 1.67E-16 4.37E-16 9.18E-16
H38 1.08E-17 823E-17 3.73E-16 1.89E-18 2.63E-17 1.83E-16 251E-15 4.73E-15 7.97E-15
BAs 286E-16 132E-15 4.59E-15 343E-17 2.69E-16 135E-15 1.85E-14 3.78E-14 6.88E-14
H31 241E-21 1.08E-19 1.70E-18 425E-19 7.93E-18 6.60E-17 2.85E-21 124E-19 1.84E-18
H34 152E-22 935E-21 1.78E-19 3.63E-21 129E-19 1.66E-18 1.06E-21  5.36E-20 8.82E-19
H35 289E-20 7.97E-19 8.58E-18 735E-20 2.11E-18 2.35E-17 1.45E-19 2.68E-18 2.15E-17
H36 134E-20 5.89E-19 8.93E-18 1.04E-18 140E-17 7.82E-17 1.76E-19 2.80E-18 2.04E-17
H39 6.83E-17 3.48E-16 1.14E-15 1.04E-18 1.12E-17 6.21E-17 1.I2E-21  4.66E-20  6.65E-19
H40 1.60E-18 229E-17 1.57E-16 569E-18 7.01E-17 4.39E-16 9.55E-19 127E-17 820E-17
H41 450E-21 2.03E-19 3.15E-18 8.65E-21 3.48E-19 4.98E-18 2.86E-18 2.89E-17 1.55E-16
BAs 7.00E-17 3.73E-16 132E-15 8.28E-18 1.05E-16 6.75E-16 4.13E-18 4.73E-17 2.82E-16

T, AR AR B S AR R H27 47 3.02E-20,
KA N H28 fi7 5.47E-19, JKAHF H28 7 3.1E-18, #
KEIRENSAT H24 £ 3.98E-16; 7KAH K H24 i

373 K i, FIEEE AR R KR A i
SN H39 47 3.48E-16; A K H40 £i7 7.01E-17; 7K
AR H41 £ 2.89E-17 cm’/molecule/s. ¥ IEFILA 5
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8.31E-1, ZRAH T H32 {7 2.44E-14. 453 K i}, F2HEA
JR AR 2R K570 A T H39 47 1.14E-15,

ZKAHT H40 £ 4.39E-16, 7KAH T H41 AL 1.55E-16. X}
AR, HECE AR 7358~ H27 £
5.17E-19, ZKAHF H28 £ 4.35E-18, /KAHF~ H28 fiL
1.91E-17, ShETE 2 5 K500 2 SAH T H24 £7.9.30E-

500 K NS RE ZE, AT A1 OH-7E 5 [RISE 1) C-H
B A, N Z B B HO, (1E-40~1E-20
cm’/molecule/syERPl, M 2 R BIFAREHTAT AL, H
T OH-1EH NeuSGe AERIEEURE T, AT BRI
RE 22 TR TSR T, Mo Tz E R BT FE,
e FE AR T S S SO IE M 3 I &V

16, H32 117 2.88E-16, H38 £ 7.97E-15 cm’/molecule/s. 2.6 NeuSGe — % 145 ki 7 2% % 3
Xif Lb 2= B S N 4 CH3CH,O 5 HO, 72 375 K Al
R 5 NeuSGe 5 OH-—HHME R N HF S % (298 K~453 K)
Table 5 Kinetic parameters of one-step hydrogen abstraction of Neu5Gc and OH- (298 K~453 K)
A48 AR 7KAR
A n  Ea/(kJ/mol) A n  Ea/(kJ/mol) A n

H23 8.71E-20 1.99 13.18 141E-19 198 27.07
H24 3.85E-20 2.00 8.09 535E-20 2.02 14.30
H25 4.39E-19 1.80 14.17 2.54E-18 1.67 22.67
H26 2.89E-20 2.17 22.08 1.07E-20 2.32 26.95
H27 1.14E-20 243 41.58 1.81E-20 2.52 32.68
H28 3.11E-20 2.28 15.80 1.28E-20 221 28.86
H29 2.35E-20 231 16.27 3.09E-20 232 20.52
H30 3.53E-19 1.83 23.32 9.85E-19 1.76 29.61
H32 243E-20 2.26 22.58 7.87E-20 232 22.43
H33 387E-19 193 21.42 6.58E-20 2.18 22.09
H37 7.30E-20 2.39 19.69 5.89E-20 2.35 27.70
H38 2.37E-20 238 18.40 522E-20 2.45 25.66
H31 3.29E-19 2.05 41.10 3.62E-18 1.82 30.98
H34 1.75E-18  1.63 46.18 5.74E-18 1.52 39.70
H35 2.51E-17 143 36.85 395E-17 1.53 37.09
H36 1.53E-17 1.73 41.81 449E-19 1.88 23.85
H39 4.13E-17 1.26 16.54 2.58E-17 1.26 25.76
H40 445E-18 1.79 27.76 1.18E-18  2.06 25.19
H41 3.89E-18 1.79 41.97 2.37E-18 1.87 40.31

Ea/(kJ/mol)
4.22E-20 2.02 15.67
2.70E-20 2.13 4.56
1.27E-19 1.87 8.80
4.05E-20  1.99 18.64
1.04E-20 2.33 17.70
1.40E-20 224 24.30
8.06E-21 2.16 1.83
1.81E-18 1.42 34.22
1.76E-19 2.20 3.72
4.63E-20 2.02 8.40
3.59E-20 1.94 6.42
2.03E-20 2.18 1.72
5.77E-17 1.30 42.87
342E-17 134 44.59
1.99E-16 1.07 32.94
343E-17 1.24 30.60
4.02E-17 1.18 42.63
477E-17 131 28.22
8.45E-18 1.53 24.23

R, 298 K~453 K LB Sboin TR Ve
Neu5Ge 5 OH- AR IBN 115, XA E 19 %
U 1 R AT = S e e S A RBLA
(Buclides et al., 2017). £ KiSThelP f&/5H P, =%
bt e B FE A an3), Hb A NIERIAT, Ea
iEAGRE, n O RIRBEIREL, ARWER S PR,

Ea

k(T)=AxT"e ¥ 3)

MFE 5 FEHI, OH-5 NeuSGe KA NIEIL
REAEIS IR, RINZSIAAEAE SR RN, 1N
HO2 5HFEZLE 300~1500 K 75 H LA A SO
HFEEREATE R —FIRPY, X T NeusGe JERIEA,
JiF, HAESAT H24 ALEARKKIELEE 8.09
kJ/mol, H:YKh H23 £7 13.18 kl/mol, # AN H27 fif

41.58 kJ/mol. 7E/KMF, H24 AriGfLagdema] 14.3
kJ/mol, F:V&Jy H29 47 20.52 kI/mol, H23 f7iE%
27.07 kJ/mol, #fiA H27 £i7 32.68 kJ/mol. ZAH |
H38 AR A 1.72 kJ/mol, H:#k H29 £i7 1.83 kJ/mol, H24
f1738 4 4.56 kJ/mol, #f=4 H30 £ 34.22 kJ/mol. %}
T Neu5Ge #IEA ST+, HAESMH T H39 ALK, I
1bfEN 16.54 kI/mol, H34 fifks:, IEILAEN 46.18
kJ/mol. 7KAHF H36 ALK, EILAEDY 23.85 kI/mol,
H39 £ #2531 25.76 k/mol, H41 7% 1k e Bt i 40.31
kJ/mol. ZKAHT H41 7 E1 AR, 24.23 kJ/mol, H34
PLER R 44.59 kJ/mol, H39 i3] 42.63 ki/mol. <
AHFIAHA PG ALRE 2P H31<H34, H24<H32 KR
A, JKH R AL H39<H34 Fll H27<H26 (13, FE
SR S AT IR LS5 b SR rs PR LU A e — 3K
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KA EFESGBRBRT . FESM. K4, K
T, AERIEECTATEILRE, N 19.71. 25.04,
12.16 kJ/mol, FRIEEE T A FIETE L RE 20 1 -
36.03. 31.84. 35.15kl/mol, 45& R MNIEHRFE 4 %0,
OH-1ER NeuSGe FEFRRE &M% LRI, )1% 13
BEREAARI RN, BIEKHET, BingFrREZ
IR XER, BARRERIEEE SR A H T E IS
T ARRREA, HHEFEF] NeuSGe 4 FHARRIL AR
wEIHEZTHRIESA, W NeuSGe 5 OH- KAFE M
F B ER AR .

#hy

w
>

FETANE A R A 2 RIS, 3k
37 OH/EH NeuSGe FHMEREE. VAL, Fdh
SRPOEEFE, FESRWT:

3.1  OH- 4 £ 3% B 48 A1 Ab 315 A2 v il = 8
H,0, 12 %) NeuSGe FIFEMERER, 4 CF 4absd
HN15W, 60 min, HyO, BN 2% B AR AR i i
N 76.23%+2.17%-

32 Xt OH-5 NeuSGe HHHZREAJRFRIEER 1A
FEREEE ) AR R R AT
WG HWWH L X.H XENOO # KA
1.078~1.206 A, X-H..O KI5 1.209~1.650 A,
BTG 138.7~173.2°0 W NAES, SAHAIZEAE
~ Neu5Ge 1) H24 &/ N34 13.20 kI/mol F
19.54 kJ/mol, 7KAH T H29 £ 51K 6.25 kI/mol. [ Vi
HeRESAH N BRI H39 47 8.09 kJ/mol; ZAH T
H38 fiffk 1.72 kJ/mol, /KA T H24 fifcik 14.3
kJ/mol. FH] NeuSGe AFFREE s FAb e btk
ST EAF

33 BN 298 K~453 K JEFE N, OH-%f
NeuSGe AR MR HSAH FAFIKAET, 373
K S0 % K 14 2 H24 47 3.98E-16, H24 fif
8.31E-17, H32 fi 2.44E-14 cm’/molecule/s, 453 K I
SR I K 40 B8 H39 47 1.14E-15. H40 £
439E-16, H38 fif 7.97E-15 cm’/molecule/s. X Tk
AT, AFREER TR SRR R R ] S TR
SR 10845, %] NeuSGe EFHAHIR LIRS
WHEAEEh 1% EAF]. Rk, OH-B#MK NeuSGe &
(1) 25 B R PR AR R AR T A v .
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