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EFREFKEEABEE DS BALERBRLBERTR

s BRRE A EC OB F OB & R
FAE FakE' ETF?
"(PHAE R RS TR A, B4 KRR TR O, P59 710069)
P(PAAL R ARl 2= B, V% 710069)

W OEOOEE P AYER BRI (Sialylglycopeptide , SGP) Ay ik Be B4 Hi 6 AN FEBR ( KVANKT) £ i, Hevp
FATH S (N) BB TR AL A 52 24T N-WESE MM, SGP 3B XS 2 2 v 20 B 3145, B Y SGP 4385 4l Ak 7 12
ERVR R, AR R ME LB S 4 . ABTIE R T 5 AN AR @RS R AR, EE FBUISAR 1A 36K (it i
7 AH  FEST T — R MRS B B v 43 B8 AL MR R ALK 5 0 . o7 ST R B 20 O My A TS 39 R AR R A AR I
FAAEL & | S5 15 W IR & /K BBC B 150 mgy/mLL AV, I T 48 4 PO ARAE S K (B3 A v AU 100% \95%
85% \75% (V/V) [ LI /KIS IHATRR 2% , B Ja 25 B8 /K DR M Ml VR R AU MK o AR T I B 15T B | AR IR
FIFHA T 1 A 50 0825 8 FP A1 46158 1 300 mg SGP, 2 AR (% (HPLC) %5 | L4l B 3 3k 95% |, [ it
SR JHHLIBESE L 2 5035 ( ESI-MS ) FHER IR BT 1S (MS/MS) X SGP K M EELL s ME SEAL (7 sl B4 T 1 3RAE

KEIR MEVRIRILHERR; SEAKGIEM:; iR A&
1 5| 8§

BESEAL ( Glycosylation ) M 2 8 1 B il i 52 AR RIS B 2 — , HRTE A8 b 244
—RPL A TR L AR A 2 1) S W 0 TR 2 PR B AR AR
B MG BN A S A R RAR T OGEEVEFI T ) i TRIERE (0 A A R S5 A I O — 1, &
FOUREE BRI RE B WE 22 R A BB AORE B E AU IO B B A R A RERIT ST 6 AN H] 2
FIRTRE T il B iy A 34— A e A AR 1 AROR JOR Y 7 12 A W AR ) 2 A I A

67 # v VR TR AL AR K ( Sialylglycopeptide, SGP) (4 Bk BE#B 43 i1 6 >4 52 (KVANKT) 21 %, Horh
KA (N) # MR R R AL I 2 2R N-WEEEASA Y ) M — i TR BB, B 52 3R B Sl e i
RRALKEIRTEVF 2 A= Wit fe b B ZAE . SGP 7El 1 B A6 Y7 i 2 v BoA — e VR T, 0o i 7R 1
FRAAS AT U0 1 0 1 TR 25 240 e e Al T 2 T 4 10, b P00 o 4 bR B I e /N b i, 3
B UEVE A BRI RO R, SCP MR FR 1K 1Y - (2—6 ) N- 2. Tk 42 35 L 3 5 A i Jak
P B T AT B, AT AR R A AT B I 35E 3R 45 A Y T AR, T BEL L o e AT
SGP W AT VRN MR A | F T4 B N-BEEE ISR IR0 & 0 0 25 i R AT & B B U
H TR PR P IR RAT B A 21 2 005 P R R 28 TN, 2R A ) A A 7 AR U A A B

WV R TR IR A0 5 2 ARME AR 22 7 vE i A ) AR 5 i AT 65 IR B, SGP JE XS 25 B v 1Y) 32 %2
32—, WO AR B e IO AR IO R A B IR Y T 28k A . B Al 2 PR 2l Ak )7 vk H— 2 1997
AF: Seko %517 YRHRIE 1y AN B B v 43 8 Sl AU MR R AR MR 1) v o I TR XN B B R TR AL B
23 I WK Sephadex G-50 475 | Sephadex G-25 FiE: . DEAE-Toyopeael 650M &5 - 32 #t #1: 4 L | Sephadex
G25BRERIG , R TAFBIRE S (0 BRI e HAT P IR L A v RIS AR A 0 G B | A B A A B A
H T Zou U HRGE A 7, 2o A 0 Ak TR 66 (%) X% 2 T 15 0 0 VR TL B IR AR 4, 5 Sephadex
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G-503EA 7031, e TG PE e AR b AT Al . %05 AR TR AL 1 — S8 0 B (E alifb F TS AR B A , AR IE0RL
AR R, HLH T Sephadex G-50 AEJEHT (3 A it BB, N5 15 JCHUAR Tl A M R AL W IR

SEKAR HAE A 2 3% ( Hydrophilic interaction chromatography, HILIC) H F 68 1R 4 Hb 4 1k 43 25 b
JRES 1T FERRALE RO R (A2 R AR ) T 0 HILIC [ AR A — A B ARAE R AR
BT R, Al SRR b AR BE 2 [R]HE F SR, DT IR BB G, by AR DR B S R bl S A 8 i ) SR B MR
R URIEE  Wada S5 SRAE T 27 4 3 AR T T R R AR 44 5 Sha DR
I -BRE M e Pk i) O 2T A ZR TR P T AR 1 (1gG) IR alifl . B AR 287 PRS2 B 1k )
afifl (HUR ISR ET AR ARG U AT 4 R oK R AR /N AN 55 B T 5 I 21 4 3R AL =5 1 A 1R 2
AR R SOOR B T T 7 27 46 3R sk 5 ™ A ELR B b AR, A Z R BB SR K (A AT #
VB A 2B AR BRSEI0 A . F I AR AL 25 7 (0 384T FH 7 08 2 B v MR TR AR A 1 A
il & IR ST R TE

P AR TR A PR ) P B P8 0 L, B A A K e, (A5 AR AR A3 K i xsd HEtE AT o3 B Al A iy
AIRE, AT LLEE HIBEAE AR HILIC [ AH  MASEE B8 v 73 B i SGP, %) H 45 by M ali FZ #E A7 4 5E |, 4
WHCR B AT

2 SCIGERSY

2.1 (UERAFEHR

LC-2010A #7230 AH 8,35 A% ( H A& Shimadzu 23 ® ) 5 LTQ-XL #Y Hi 1§ 25 Hy 25 51 1% ( 28 [/ Thermo
Scientific 22 HF]) .

N-FEH i F(PNGase F, Sigma-Aldrich A A]) 5 + ZheREMmHR AN ( Sodium dodecyl sulfate, SDS) | —#i
JBERE ( Dithiothretol, DTT) NP-40 ( L iEBTHL TIAFI A ) 3 LK (Acetonitrile, ACN) 535 35 4y [ =
A4l ; WondaSep C, FlZ LA 85 A0 hk 5 AH 26 U/ (( H 4R Shimadzu-GL Sciences 23 /) o B& IR AR
W PG R 2R BE B . S8 7K A Milli-Q F4¢ (36 [E Millipore 23 F)) il £ IAEZE /K . B fF R 52 K5 X0 26
W T A AR T
2.2 EWHE
2.2.1 BEHRWEBMBGIE S5 30709777, 2R M b 3808 e 8 5 15 21 i % 2 A0 B JIORL &
TS50 ST EEARSZHE G EER (L9 1 L) AR 25 8 KRR JH e 2, m iR
WP 10 AR R B -7K (129, V/V) W FP2eiiidt 2 b, SRE A 2 L KE 1K IR, D
8000 r/min 0> 30 min K b 1 I @ 78 KA R M 45 28 50 mLL, PR3 108, RIVAS 2] 0o 7 18 AL K
ML, T20°C 177, % H .

2.2.2 1EEFE/KBIEENES BUEHBISH 150 mg YA ZEVE | mL BB RICAE L b, R MUESE,
A3 10 mL KR 255 TR AEAE

2.2.3 HERBRAERMES BT 09 MR R A IR B 6 AL 150 mg/mL B9, 12000 /min 25
3 min, B EVEROMAE BEF AR ARt b IS OBk (1921, v/V) [ ZIE-IK (17:3, V/V) R
G-7K (3:1, V/V) 45 15 mL BRZTT, FH 6 mL 2% B3 7K O i el Y (R JOAC , ¥ 7 Tk | 75 28] DV 18 A AR IR
afi iy K ESI-MS BEFT 08T,

2.2.4 EHERLIERKA PNGase F B8f# 5 mg FEAIA T 50 wL KET/KH A SEARFR A 28 1 i As P
7% (0. 17 mol/L SDS #10. 4 mol/L DTT) ,100°C IV 10 min, EWHIBNZEE, AR R PHIA 60 WL FHiE
ZZ PR (0.5 mol/L Na, PO, , ] H,PO, 5% pH 7.5) .60 pnl. NP-40 i&W (1:9, V/V)F11.5 pL PNGase
F i} (500 units/pl.) ,37°C SR 24 h 22 R 4555 ROV IRAE 13000 r/min B0 3 min, EIHRZ C
FEFI Z2 LA S Ak [ AR A U M Z64L ] ESI-MS 4387,

2.2.5 ESI-MS 1 MS/MS 73#i %4 ESI-MS SH0RE W T . Bk b e 3R 2 pl; Wmshih
FEE-AK(1:1,V/V) 5 {HVERRE R 200 wl/min; BAIERIE 300°C ; SEREAIIEHHN 20 wl/min; 25
FIRHEZE TAERE R 4 kV; B EEHE 250 V; IS (AS) W B (AS) Wil =1:2 (4
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B AR E— B R 10 arb) 3 B HE 37 V; H LTQ Tune 3R 45 8880047 R 4E

LTI (MS") K S B E - 7F ESI-MS S50 & A LRl 3 T RE R AR U/ pesk
S om/z 35 AR RE R 30% ~45%
2.2.6 FFA HPLC XMERERLIEMRBITAELERE IR O FE A1k 5 59 R BB K AT =
RO AR S4BT (T HILIC (250 mmx4. 6 mm, TSK-GEL Amide-80) , WizhtH A 20, FishH
B K B SORUBCE AEAR N O, H B3RS 10 wL, Hrhor g 5 i 0. 8 mL/min; 4k
PERREEVEL . 0 ~60 min,80% ~20% A, FEiRN 25°C &K 214 nm,

3 ARSI

3.1 MERERIYERKAI AL SRR

RO TR B 0 3 A T Ak B A 1) %) R TR LA SR AR U vh 5 K AR B 1 IR R A Eh S5 4 i, 2245
FI B Y MR R AL K, B e 25 R AR BT Seko 2517V R TH 1Y) 4 Ak W VR R BB K 04 7 12, R 3%
ZEWYR Sephadex G-50 4fifbRF=24% 1, 985 ] Sephadex G-25 [RERALFE 3 ¥k, iZ 7 VEERE S B, th T 3%
St Al S TR AR Zou ZE U HRAE Y Al Ak TR R K Y 5 s AR SR B Sephadex G-S0B&
FEAREE A, AR 105 4 e X e Y P AR PR 2 W 10 A R D, A i o 36 1 i A A T /K PR B R L 7%
T SCHR [ 7] TR s TARZ 38 {H i T Sephadex G-50 #EJ2 M (3 7776 AR R A PRI M HLAE
HORL AR B, AN F TR 25 . AR F0RE Bk 22
TR AR — 2, R R AR AL S5 7K o A 5 0 IR 2 1
WEEE 1 (0 F2 3L 08 R Ak 24 1R & b i 2% 2 R
ERAEZR T T A A AR N RE AR B T R e I 2k
3B Al MR R A R 1 S DL IR 1 I S Ak SR B

&
&

ATEEE | R AR IURE AR AR S5 O L, 3 TR AR AR

PEATTBORAR TR, SR AL Al Al 1] 5 M 8 2 A A Cotton HILIC
3.2 WMEFKBEHELMERTREPERBEN

ESL-MS B4 4 P 1 R A 5 B4

Fig.1 Strategy for separation and purification of

PR AR K B B 20 X T S 7K € 35 A B R A Ak
ISR K, & 7K ik i o 25 o ORE S 2k AR IR
NG HE-K(19:1, V/V)  ZHE-K(17:3, V/V)
MONEIK (31, V/V) XREAE KA TR, BR SR R i3 AR 4 2% 0T, YT BRI T R AR R T
ESI-MS( 7B FH T ) SERHGI, S51E 2A ML, & 2B FIE 2C fFHE i 2, Fegi i i, oF H AR 2
I 80 Y TR K ) S 175 506, R W R R 28 SR G -/K (19: 1, V/ V) B L JE-/K (1723, V/V) B BERE 514 F
PRI ok, 2D MBIl T8 R A LA BIE B, RATELME-K (31, V/V) BT
PEEEASZ I A . DK AL GG HEA T VR, B AR 7= W 038 73 F 58 m/z 2866, H T BT I T %
ACHY RN 43T R A 2000 Da, 78 FR 3 K v 2% B B5 7= 40 (0 RUE faf i m/z 1431, 3[ M=2H > Fl = H,
faflég m/z 953.9[ M=3H 1>, i HAG M b8 47 (K 2E) , PRk, k&8s SR 01 | R AR A8 25 7K (i 43 mT L
AR Gy b 405 A I A5 2] e A IR PR
3.3 PNGase F EFSbIRIERBR L MERK S N-TEE UL NEE SEHELEHWS T

WV R A K2 PNGase F E# , BRIt C M2 LA BEALBR [FAHAE BUNME SIS A5 3] T KBS AU
ARy, 2 AT ESI-MS 3 #T ., &1 3 R BB 3 1 o i 1] 0ol Y 2 Ak K 1) 20 55 2 )5 51 4 ( Lys-Val-
Ala-Asn-Lys-Thr) , Bl 43 TN 659 Da, % PNGase F B##EVER G , RN (N) ZE KA H IR (D) , 7
T EHN10.98 Da, IS T-EAZ A 660 Da, K3 i m/z 661 Jirikid ik & 10T HARKE A9 S
fif [ M+H ] "l 58 EAVIG

SRt — RN H AR 2B RR T 41, AT T BRI TS (MS/MS) 40 #T , Z5 R ANl 4 Firs X EH g b
y BT #EATIHE , KB m/z 643.25 S5HRELN i 661 Da M2 — Ko+ e HoO kB ok £ —

sialylglycopeptide ( SGP)

HILIC, hydrophilic interaction chromatography
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K2 AEVE A T VR Y ESI-MS B3 . A Z8f; B: ZH5-K(19:1,V/V); C; ZHE-K(17:3,
V/V); D OHE-K(3:1,V/V) 5 EuK, B, N-ZBEEFEF RN, @, HEENE,; o, K20, o, MERR; K.
HR; VHEAR; A NAR; N RABE; T: HER
Fig. 2 Electrospray ionization-mass spectrometry ( ESI-MS) analyses of eluent under different elution
conditions: A: 100% ACN; B: CAN-H,0 (19:1,V/V); C: CAN-H,0 (17:3,V/V); D: CAN-H,0 (3:1,
V/V); E: HyO. W N-acetylglucosamine; ®; Mannose; ©; Galactose; 4 Sialic Acid; K; lysine; V: valine; A; alanine;
N: asparagine; T: threonine
ﬁ?‘%ﬂ(%ﬁg@ﬁﬂ@( M-H,0) ; m/z 560. 17(b5 ) KB IMHH] e
o F A ERIRIE R 101 Da BRI i, 107
m/z 414.17 (b, -H,0) K by & F=— > i = R 5% 3L it
W 128 Da A1 — 40 F UK T B K WO R 0,
m/z317.25(by) M b, KE—DREAMRIEIET &= J . T
115 DaliTJB A FE I 1 S AF 4 7F PNGase F AR 0 o b
B RABENGEAS Y, T KRR ; m/z 246. 72
(b,) 9 b, 2k E TR 71 Da MR B3 RV AR BB 4 1) ESI-MS B
WIS, m/z 533,17 (v, ) MRBR e 2 U TR AR Fig.3 ESI-MS spectrum of peptide of SGP
FEFTiE 128 Da B IIRE R s m/z 434.17 (v,) N ys RE—DEIRTRFEEL T 7 99 Da FTIE MU RE F
W5 m/z363.17(y,) My, RE—ADNEAMRIEILTT R 71 Da IR R 65 m/z 248.25(y,) Hy, KK
— AN RAFIRIRFE TR 115 Da FTIEAGHE i, 456 BRI/ Hrai AL vl LAAS s Bk Be i) Z 2R 7 51
KVAN*KT (#F R EEAL AL ) , S BB P — 80 I RH0E TP Asn 22— AL AL AL
TE TS A B 8 1485 X X W 245 4 AT AT

Abundance (%)
~
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1
800
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GESLINP S FEm , VWM B T E A TR oo VA
m/z2223, s g m/z 111,09 4 HbRmgEro s %0 ' =, o
B[ M-2H > W, m/z 2222.64 Ry FLAHAF [ M-H]" 5 4 ¥ 4 & R 4
Ve, m/z 2244.73 A MeNa-2H ] W6, it— 2200 80 5 5 |2 LA |

W EREEESE ), SRS Y m/z 2244, 73 384T ESI- 2(‘)0|250‘ 300 350 400 450 500 550 600 650
MS/MS 4347, 25N 6 5, X 6 Hh i B T i "

oW HE AT M AT, 0 E W R m/z 2041.36 2 4 WERRFRILHHIKIKEGER S 1Y MS/MS [l
m/z 2244. 735k = —A> N- ik & 3578 25 i vk 3t (203 Fig.4 MS/MS spectrum of peptide of SGP
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R S PRSI A T 5 m/z 1838. 55 1 m/z 2041. 36 2% F2—> N-Z e 28 50 28 W % T8 i iy
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PR m/z 1732.55 K m/z 2023. 55 2K o — MR FR Y BRI Fr 065 m/z 1589. 27 A m/z 2041. 36 K
Fe— ARV R A2 U AR IR A RE 5 m/z 1529. 45 A m/z 1732, 55 Rx—A~ N-Z B & F6 7 4 b
FRIETE IO E e . 45 1, ST HBEBESE R o HSNAA2 (H. OB, N N-ZBRE EEM A0, A ERR) ,
5 SCHR[ 14 ] 4RGE B9 —B0, UERA 440 A 3 04 7= 4 A e VAR T K
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* e o
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ESI-MS &% Fig.6 MS/MS spectrum of m/z 2244.73
Fig.5 ESI-MS spectrum of the N-glycans of SGP after 75
PNGase F hydrolysis SGP
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3.4 EBRBRUBEREENETE
TH 1) AR (3% ( HPLC) X HR AR (0 3% 41 4l
A A5 3] F0) e Y TR AL B R A 7 4 i 0, i Pl T
o . 10 15 20 25 30 35 40 45 50 55
Bl 7 Fi7s 76 34 min A0 H PR H ARG | X i i AL gk

¢t (min)
Y AN
TR B AR A B 95% LLE.. 17 VR ALY AR

4 Q:in: -L/[’: Fig.7 High performace liquid chromatogram of SGP
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SR FH 2 3 o) X6 B B AT TROA B, SRR R W FACKEL | LAJBE RS 1l VE 9 S5 K 0 35 A A7 B 2%, ST
T PR PR e I, AT R S N TR A IR Y . I R DA 50 A X8 4R v 4R BRI 300
mg MR IR AR IR, X LA T 25 A T RN S BE S, Z5 3R WY WRBE 4540 R T 9] WAL AL i 3 5
FIS(EAIY) &, #5d HPLC %8 HAEE>95% A J7 i 2l Ak M W TR AL Wi IR 70 5 A0 R /0 P8, [T AH
(ARG, Ry S A ] 8 M Y PR MR IR (3t 1 il Ty 58, A R I R T 5t
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Separation and Purification of Sialylglycopeptide from Egg
Yolk Based on Cotton Hydrophilic Chromatography

HAN Jian-Li' , CHEN Qing-Hui*, ZOU Mei-Yi*, LU Yu®, WEI Ming®, LI Cheng’,
WANG Cheng-Jian' , HUANG Lin-Juan' , WANG Zhong-Fu *'~
'(Shaanxi Natural Carbohydrate Resource Engineering Research Center

College of Food Science and Technology, Northwest University, Xi‘an 710069 )
?( College of Life Sciences, Northwest University, Xi‘an 710069, China)

Abstract The peptide portion of the sialylglycopeptide (SGP) in egg yolk is composed of six amino acids
residues (KVANKT) , in which asparagine (N) is modified by sialylated complex N-glycan. SGP is mainly
obtained from egg yolk, and currently, the methods for separation and purification of SGP are cumbersome,
expensive, and difficult to scale production. In this study, a simple and low-cost method for separation and
purification of sialylated glycopeptide from egg yolk was developed based on the hydrophilic interaction
chromatography by using medical absorbent cotton as stationary phase. Firstly, 50 egg yolks were treated with
phenol to obtain crude sialylated glycopeptide. The obtained glycopeptide was then formulated into a
150 mg/ml. solution and loaded onto the prepared cotton hydrophilic chromatographic column, followed by the
treatment with 100% , 95% , 85% and 75% acetonitrile aqueous solution to remove the impurity. Finally, the
sialyglycopeptide was obtained by eluting with deionized water. By this way, 300 mg SGP was obtained and its
purity was identified by high-performance liquid chromatography (HPLC) to be 95% . The glycan composition
and glycosylation site of SGP were further validated by electrospray ionization mass spectrometry ( ESI-MS)
and tandem mass spectrometry (MS/MS).
Keywords Sialylated glycopeptide; Hydrophilic column; Absorbent cotton; Egg yolk
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