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TR R ] — Ak v 00 2 e K 4 3, SR PR A i L % 3% {Y (nuclear magnetic resonance, NMR)I & B Ik 19 & 1% (‘H
NMR)FIHTE(PC NMR), F456G it bt a5t e vt adr . e FmEFR{X (microplate reader spectrometry,
MRS)XJ H e oK R 2 B ) ADH S0& 16 1, DASRIE R AL AE 1% . ADH S50 3 M i 52
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ABSTRACT: Objective
SSNCQPF), and verify its activation activity on alcohol dehydrogenase (ADH). Methods

To prepare and purify glycosylated corn heptapeptide (Ser-Ser-Asn-Cys-Gln-Pro-Phe,
The glycosylation reaction
of corn glycopeptide was mediated by transglutaminase (TGase) with maize heptapeptide as the acyl donor and
D-glucosamine (GIcN) as the acyl acceptor, and the maize glycopeptide monomer [SSNCQ(GIcN)PF] was isolated and
purified. The purity of the glycopeptide was determined by area normalization method using ultra performance liquid
chromatography-quadrupole exactive orbitrap mass spectrometry (UPLC-QE Orbitrap MS). The '"H NMR and *C NMR of
glycopeptides were determined by nuclear magnetic resonance (NMR) spectrometry and combined with secondary mass
spectrometry for qualitative structural analysis. Finally, the ADH activation activities of maize heptapeptide and its
glycopeptide were comparatively determined by microplate reader spectrometry (MRS) to verify the effect of glycosylation
modification of maize heptapeptide on ADH activation activity. Results After separation, purification, and freeze-drying, the
purity of corn peptide was determined to be 99.11%. Furthermore, it was confirmed that the glucosamine was connected to the
amino group of the glutamine residue in the corn heptapeptide by the analysis of secondary mass spectrometry, 'H NMR and
3C NMR. At a molar concentration of 2.5 mmol/L, the ADH activation rate of glycopeptide was 9.89% higher than that of
corn heptapeptide. Conclusion Compared with corn heptapeptide, the glycopeptide synthesized using TGase
enzyme-mediated corn heptapeptide and glucosamine exhibits higher bioactivity in ADH activating ability, providing
valuable insights for the potential application of glycosylated corn peptides in the food industry.

KEY WORDS: glycopeptide; enzymatic glycosylation; structural identification; alcohol dehydrogenase activation; corn
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fERE R FERY B MZ—, 2022 P EF K EE
#1277 42 M, R, FRARMUE FE AR Z T,
TR IR SR TER . FOoKil R, JOoREN
MR SRR TR MRS, &
JREEA L 60%! ), (HILEMMEZ | Bk, EEMminik
IR SR EIE ROM A . i BEAEXT FOREE i T ek, FF
REGHEYREPER T i, BB AL KT Z5 ) | B
B B0 S SR IE P BB, X EORE ARSI 1R
BEEE Y, W e =R nE Y —AH B,

N E A2 AE 2 Rl S WA & AR, Horh 2 REI A
fitf(alcohol dehydrogenase, ADH)RI i fb & fx by S HE /) 1%
#ez—U21, 4 ADH B 15 K0 eI B s — A% R
(nicotinamide adenine dinucleotide, NAD")J ijif, ADH
LN A Wi (acetaldehyde dehydrogenase, ALDH)Z¥ tisk
B2y 90%M LEERE L OB 2, Hrp RHar o m
SRS B BRI AN LU U030 S 3o R R 2 R A
i ADH FyiEME, ks AR R o5 BRI B B4
JEME Y (autoimmune liver disease, ALD)!''8) & 1 sl
M Ne KBRS R R A T ET TR, BAidReA
R ALD IR 25T S Rk, SR S KRR LAY,
FF & B IEERE IR, LSS ADH I M i 4 5 ) i
B PR P S R K

3 S I M (transglutaminase, TGase)R] LML
T A SR ER B Y - YR B EE B (A FUAS R Ak & 4 1Y)
- FE(FZ AR 22 18] S KB B TE B TGase Ak Y 28 (1 O

AV RN W AEAS R B b oA AR S/ R T RE R, Tt
PR EMERY R R 1R L
B EYEYE . BET, TGase M-S0 [ RERERI S L E
BHFEEEAPY, KEEAPT, aRFEEAPY | Bk E
P kb AP A E A R . WANG 260 i i
TGase /11 D-ZELHIEHHIRICH] 2 FORBHAK, 5 KA
b, T AHERRAEAAR SN AR P 2 280 HE 55 A (1 DR A 1Y
e, TR REHR S 2 RS YRR R E 2, Pl
TC AR R NS ADH SIS TE PRI EARR R, R, 6%
SRR SE S TR TE ADH SO TS MR A AL EE
AHIFFE LA AT I T K B K i v 2 e i €

B R €03 2 B IR AL S AT L R4 Caco-2
BRI N )E % 5 B9 -E Ik (Ser-Ser-Asn-Cys-GlIn-Pro-Phe,
SSNCQPF) AF5E x4, it TGase /- FH 5 D-F A4
WO BCNE, R 2 4 €3 43 2 4l A B0 BT £
P v 0 R L, R 6 HO I IR T KB R AN KRB K
) ADH S G PR o ABFIE 73 2 24015 B R R 2 i, 30
iE ADH G5 PE, N TGase /i TR BRA0BERAL 15 1
ML B HERETE, by T KM 2R A/ KAE B 5 Tl i iy B8 3
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1.1 #E5RG

Tok-E K SSNCQPF(4LBE>99%, b5 i A= M) 4
HIRAHED; MEY TGase Wi (MG /=12 U/mg, 3
Sigma A Al); D-Z I ARG 95%, BUHr T A bR Hia
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FRIB07); ADH A5l 50) &r (R 0 A ) LR F ), &
JiE(fakat, SEEZEI i RPHE A R, SR (Gt 4,
RETTRHE AL 28R BR A ) o
1.2 UFE5EE

PC/PLCLD-53 EZE¥ R TIRILEEE Millrock 24 H]);
U3000 UPLC/Q-Exactive Orbitrap MS ¥ AH (1% i i 5 FH
{% . Thermo Hypersil Gold 4j%#1:(100 mmx2.1 mm, 3 pum)
(G EPEBR CHRBHE 24 W]); Agilent 1290 infinity WAH (45
1S (3 [ 2B 28 1); Bruker AVANCE-600 NMR A% M4
WA (FEE AT e ), Milli-Q £B PR R AR (CE E %
PRI\ H]); EnSpire 2 JREBGAR Y (3E E3H 4R A H);
BSA124S HL P TR 0.1 mg, LRt RIEE
{#32 H]); SinoChrom ODS-AP (200 mmx10 mm, 5 um)(K
HEARRIFE S BT A B2 H])
1.3 SEEEE
1.3.1  TGase 4~ %) 48 Ik & A,

T ] E K TR PE IR (SSNCQPF)HE & 9 10 pmol/mL A%
W, PRI SN A RE AT DL SR S Rl SO B R A,
AR B 13 pmol/mL, SWAKZR 7 20 mL 7KIAETR,
0.5 mol/L ) NaOH ¥ pH 2y 7.0, 7% kMt 2t i
it i >4 0.6 U/pmol Z ik, & T 37°CIHIR/KIBIR Gt b S L
180 min, A 17 i f ey U G- SR AR SOy, R4 o)
JEAE 3 kDa (88 S0 AT BR 25 TGase M. JEWRIS VR TR
JE 133 BRI & -
1.3.2 ARk g An &35 LB R 21

et P R BOBOA €8 3 - 3 R 37 B0 38 BF T3 X (ultra
performance liquid chromatography-quadrupole exactive
orbitrap mass spectrometry, UPLC-QE Orbitrap MS)il| & #}

JUR I e £ B B (R 2 MR 25 . K 1.3.1 BB R T b
MIREYECH 0.5 mg/mL F/KERIE L 0.22 um RERIE
JE o R T - 3 B 4SO 2% 14 R - 634 Thermo
Hypersil Gold f&3% (100 mmx2.1 mm, 3 um); 54 30°C;
LB A i 0.1% P ERIIK, WA B LI, BEBARTY N
0~30 min B AHM 5% 20% /B, HH A 0.3 mL/min; #EAF
WO 5 L (B SE B IR O B R A T B A
HGTEE A 150~1200 m/z,
1.3.3 HAR#y 5 5 shit

i ) 1.3.1 BERA B HIRE A i
WK AT AliAk . 5 3EF: %5 SinoChrom ODS-AP (200 mmx
10 mm, 5 pm); FEBIAH: A NE 0.1%F ERINK, FahitH B Z
Jiti: B VERFRIFE M 0~2 min: 5% B; 2~30 min: 5%~25%
B; 30~35 min: 25%~5% B [0l 2| %0 4A 6 B8 45 145 A
3 mL/min; #EIER 30°C; BECHIRR4> AR HE R 50 mg/mL,
BEREEA 100 uL; AP 214 nm., WCHEAR K H 04 ) 37
4%, 30°CHERE 7% 2 th KBy IG5, VT, SFRAFHEARAE & .

1.3.4 #Epk = FiHE

R e B A 30 (DT8R

B %% %Zﬁi;; <100% (1)

Ao SERRBE K™ S S0 rh SR A B AL IS AR AR
Yyt SRR R AR AR S R O A B
P t, BPISORE IR EE AL B, Rl AE 43 B R alifb ik
i BT 1 Y P ) )
1.3.5 MR EZE

PR B 1) S R FRVRORE €633 - T B0 AT AU —
AT FKRBERR A SE VA TIE o Bl 0.5 mg/mL AIREIRIK
VA, O3%HE: Thermo Hypersil Gold f8,7%41:(100 mmx2.1 mm,
3 um); RN 30°C; FBHAH A N 0.1%F BRAYK, BhAH B
M, VEIRAER A 0~20 min B MM 5%%1) 20%35E00; ik
0.3 mL/min, #FFEREHR 5 ul; HIBES 2 F I (electron spray
ionization, ESI)IF &1 4 100~1500 m/z.

PR YRR A € 3% - 3 B RS P S 2 R D v 43 I
T AL IR RO R IEA T b, 1E B TR R — R —
GG, RHBRRRIES TAE A S o

K A0 A i I PR 1% 2 2 BUDTASHEK 10 mg B A% HE
B, A 0.6 mL A T H N, %M@M Bruker
AVANCE-600 il & 3 "TH-NMR I PC-NMR i &, W BE$h
1E 25°C, DAPYH FERERE (tetramethylsilane, TMS) A N AR
13.6  ARSMEIB AR E BN Z

¥ 50 uL RESR VAR S 150 pL R (£ 3 28 vk
NAD M ZE)RA, 78 37°C T ¥4 S min J5, /050 pL
ADH (0.2 U/mL)5 | & I o fift AR AR 340 nm T
FEWOGREEE, B 10 s 0 —IK, FESE 10 min, ZER/KICEFE
A VE R BHPEXT B LA RV 8 1 2E i, SRASHIZEAE 0 min
B — B 5, BRI AR RN o RE i (1 R S R
ISR Ve, MBAPEXT BRAIE SR Voo MR A ZNQ2) BT AT R 15
FESL G ADH 06

o V. -V
ADH 7%&‘{%%%/%1870 x 100% @
0

14 HIEALE

LT 3 RER, A Xcalibur 4.1 By40E47 g
8T, MestReNova 11.0 HEATE %8 I DL, Origin 2022
B TR

2 FER5HH

2.1 PBEENEIHTINREEE-RIEEA S

SR FHTBORE €5 3% - I B A 28 TGase A4 ARG BE
BRIEAT /00T, B 1 Bon. EXR-LIESE G
WeEAR K, e AR, 7R K 23 b JFURE 2 i e e
)L, BN Z2 KA BIAE 10.21 min 1 13.54 min BY{5 B4 s
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V] 0, SR B R ) 24 S5 A M AE 0.87 min 06, £ ST
it P S BB 7 o B B )45 30 4% B i B (B 2).
2a 7R, 162.0762, 180.0868 ., 202.0687 43514 A 5 ¥ 4
BH(CgH 3NOS)ST I B [M-H,0+H] . [M+H] FI[M+Na] li%;
Kl 2c BizR, JEATHL m/z=782.8132 R BN A9 KL Ik
SSNCQPF [W[M+H] & F15"5; &l 2b i m/z=944.3654
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Fig.l Total ion flow diagram for identification of glycopeptide
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Fig.2 Mass spectrum of glycopeptide synthesis products

Il 463.6815 Ryl M HE K SSNCQ(GICN)PF ) [M+H]" il
[M-H,OR2HI" & T 5, K5 Z KA [M+H] & 715 5
AHZE 162 Da, ULHAMEIEALSN A Z IR N, AR
W55 Z2 BRI I K SRy (7K B R B8 {5 5425 161 Da), 1t
B D-S LA MR R34 4 3 FOR B IR A = WE AL R 3L -
P e 1 o
22 MHREEITEHE

300 mg FER-ERRGHXS BT 781.3065 g/mol,
3.84x10* mol)Z& 1 ZM YR A I 40 B I B B FOBE IR (A
XAy F RN 943.3593 g/mol)A 4 T/ 155] 253 mg, 45
SR, BRI R 68.85%. SEB R i H B AL
FEa /D R T BE A FURL R L AL . s alifk
T R A L RIS A A% R T RE A R 1Y) S A AR .
2.3 MERRRIEEENE

SR FAROAE £33 - SB35 06 PR SC T B — b 2 %) R AR
F 4 REFET T E o F & 3 BT, R H U4 RS R] 2 10.21 min,
MRS T AT FORBE IR B4l BE R 99.11%, % LR
PERSAT, PRuERR AR 2288/, AT DAV JE B AR B €3 ) o 2
K, WERRR Sl il 2 T — 2 TR .
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Fig.3 Chromatogram of glycopeptide
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HTEARNEZKRh SRR, BRESERA, A
A FEHRAS S IS T S B, SV A S A RN
REf FHE K, Wil AR F 3 AR (DMSO-dg), 75
XEFEFPIER AN G, B 425 TGase M FHIZ K
5 EA R0 R, RN 22 K i A 2 B (Q)
AR A B (N)#R 2 b & A B 4~-C=0-NH, M [RIEH], &l
5 ZIK SR S XS LB R, 5% 6 6.80 ppm 1 6
6.96 ppm SEF AL R AT A A [E-NH, FIEGE S, BT
FHHETHESEWN SR TR B MR, Wnsgme
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Fig.5 Comparison of '"H NMR spectra of peptide and glycopeptides
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Fig.7 MS/MS spectra of glycopeptides
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2.6 FERALIEURXT ADH BUEE MR

5 RO BR 43 I BE I B Dy 0.5, 1.0, 1.5, 2.0,
2.5 mmol/L WY, ME RSN & BE A BTS2, 25
e 8 fiR. FKMORIBEIKAY) ADH #4005 S b % B /R R
T e TG 0, FEJEE RV EE S 2.5 mmol/L B, MiSEAE,
M E KRR ADH 763K 5 34.15%, HAHRWE
EKE KA ADH 0% 2(24.26%) 55 9.89%, Ui B Z ki Ak
PRAB M 1 £ K B IR ELAT 4 1 A A G TR RS X 3 T 1
WANG FEPHUPEAL T FOK 2R 11 K i X HORE IR & P 7
MRANRMAR PR IEPRE A B T8V, Wl R TR A5 4 o o vk
4 2.0 mg/mL B}, ADH [¥IEZN 14.54%. 5 FRIKAH L,
WK T - e D-S A 0 T LA b S A
WK A L EE SN BRI 51 ADH 454 1) 028 7T g
AR T HIEHERAL S S REM S5 6, T —J7 T, BERAL ) Y
FOR RIS B S, ATREXT ADH Y4 fE 2RI i
FRAE .
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Fig.8 Effects of the glycosylation on ADH activation rate
of corn peptide
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W R HE AR S A8 M KL BR (Ser-Ser-Asn-Cys-Gln-Pro-Phe)
A FORMERR, I H 280 24 il 4 WA 3 G il 4 8 v 4l 0l
JIk, 77N 68.85%, AN 99.11%. Ji i FIA% G 45 522 W,
TE TGase ML T, D-Z I 4GS AL IR0 iE
2, BB A . 5 FEORERAELE, FORBERRE
A R SMEERGE A E Wi T . ARFSE 20 2P &
FHAEAE JE B oK -C OB B4 7 Y ADH B0TE 2R 35 3
34.15%, REE—L UL 2 HESEAL M 1 Y E oKL IR BAT

GBS TORS ACE P, X SE SR RO AL 3K IR
TEED i AL N TS S5
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