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Fig. 1 The structures of human milk oligosaccharides
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electrophoresis, CE) SEEUAG RGBS, L8t 4k
R sl CRTIN T AR, B SRR bR i
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W M T 4 B HMOs, Jf i of BT 3% (mass
spectrometry, MS) W35 LR B s (] F A 6ff o o 4 o
SRS, ATTXT HMOSs BEATA 800 520 o
2.1 HAERE
211 M@k

FH B F 22 # {2 4% (high performance anion



2023; 50 (12

i, %: AILBENEHMEES BN 2871+

exchange chromatography, HPAEC) &7 & KR
FWERG . R, SRR A FLEE
LA FIERAE e, Hor TS AR NS 1ER]
Bt Er R B SUIAROC . 4B 5 HMOs il it
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FL e -N-PUBE  (lacto-N-tetraose, LNT) Fl1ZL Bk -N-
FHr Uk (lacto-N-neotetraose, LNnT). Mank &g 12
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SEET Z T HMOs =F BE A PRENNE o [t A 5T
FE ESTIE & 1520 F 8 b B4 2 - W =i 2
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fluorescence, LIF) J& CE 4 &5 &b o & FH i 46 0
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FLIHMOs i, J1 & Lewis FHM: A 22,
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% B 404 JT 08 = 7L R 1E HMOs ™', I T
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FARMLL, CE M FEZE GG T PR B K-,
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Table 1 The separation methods of human milk oligosaccharides
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SRACH AR i 2-F I B R B o8/ NS M EHERME. KETESE, AR
A BT (R NaBH, B %), 2 5 5625 Fi g 10 Pk s WENEBES, FREDUR, ARG
BYHE K 2-FAENY g B WL RIO6. Bk s orEtRE. ZEIFH AR EGE . JLE
R
BT IR RS v, e JrESRESINE, AR, T LR A

23 BFERBIL

B AN, AL B F i % (ion mobility
spectrometry, IMS) FIHIL, RS B TS
—ANYERE . 22 TRV N A SEREE IMS Hf il TRl
AR, AR 0 37 RS A o LU ] fR RS R
LIRS B . R R B Y Al A AR AT
(CCS) Ax, —MErHu/N, Hfrln., CCSM
N, R EE B, IMS-MS 1y — Rl Ak
BYHT A, (AR R AR I SENE W RE ) 5 it
— 2, MAF Kb T T A% 58 LC-MS Jr ik . LNH/
LNnH 7EAT ¢ 2§ F i #%1% (TWIMS) 1 [M-H]"
TR EEANFE, BRI L Y iR
WEE FITEE (TIMS) . 153 & 7 i %
(cIMS) FyHEL, & LA 25 AR /N ST A S0
MR T IMS FEME 2 2% Th A ] .- TIMS-TOF 1k
& O T SEBREEAS i 4 0 S b A ) B R AE
cIMS-MS Xf [M+Na | "8 [M-H ] & ¥ /08, Wil
BT 7% HMOs S#Aa A, Sl AL — A —pi R
PR R R A S5 ), IMS-MS B AR ISR T B4
SRR ERE S, (AR B L A 2R T
R RN 2 20 S A0 SE MR I S e 4 T X

3 HMOsZEHIRAE

AR R E HMOs B, FELE SRR
SCHRECEE P L RGE R S5 A, SR L
T HRERAT A AR D, ToVE W S A AR AL,
SR, SEREINZEAEFFAT R T-0F 58 HMOs A= #RY) e LA
PN L O 7 o 0 i s o S £ A
(nuclear magnetic resonance, NMR) ., MS FI£14%&
Y6 F f# B (infrared multiple photon dissociation,

IRMPD) St HT e L5 0w AR o b,
REERNE BT A — e e, E
i e AN FIBOR S5 G A RERAE TR 251 .
3.1 NMR

NFLEEWESS M AT i — A2 T H & NMR.
NMR & 3 e 347E T35 A o] AR E S BT, 18
b Ak 5 A% RV AT T B 3% 422 3 40 ROB s 2 A
] LU R o/B Sk AL Y NMR A DUIFE IR &
Py U R R A S R R A AR R, B
FERRHT 6 B AR I ZERAE S AR, e BEARR R
OB RES) ML, BRI T = e .
NMR & B AFAE S IE S M S, ARk e
FAFE HMOs &5 . A i 78 NMR 28 =4~ BC 4k
JE, SR 3D HSQC-TOCSY %5 4 2D i ) 5 s it
7 2D NMR HOGEE SR, pidi53ic LNDFH 1
45H) . Chai % ) ¥4 ESI-MS/MS 5 'H-NMR {3 & 4%
B, BB S T W L SRS, #
T NMR S8 = R AR 1 o SRR, R[] B
WEER A 5 E S TOTERA E o SR MERE, WA+,
AR E AN T 2 2 AR S
32 MS

MS BA m PR mARE . el
SRR, AT HMOs 85 1Y 3 ik . MS f#bT
HMOs 451, F 2RI — L MS Hifl o+ il
15 BRI 23 BT HE I R AL, 45 B 2R
MS H AR R B 1 — 2D A3 B TR A R 25
Domon Fll Costello " #: 37 BYTEZ 9 MS HHBIHEERE A
BT T EYT T HMOs, 2 1R R A iR
BRI AE R B/Y B C/ZE T, LUBEAIR
IR HE 1) AIX BT, IR R e R i 24
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FL 2 TS 2 T HMOs [ S5 K9 3= A1E
3.2 HImESE L B TG

HH, 6% 55 HH, 25 i % (electrospray ionization mass
spectrometry, ESI-MS) RAERWELSHAIGE T+
SR, AT DA R A AE SR . =R
ESI-MS 254 il #1355 T 2 (CID) AU KEE/R i
AT A EE L RE AR 75 8 . ESLIE 25 14K
K E R B R, TEZHMS A
T SEREGERE Y CE SR AR B I SRR B T
AR R A S RRYE, SEARRNEAE MS AR
iFBF[M-H] . ESIf g F#i=0F [M-H] ™4
TR E T, RN AR A5 S f b
PIHEFInE, X TEaimisc AR, 2t
52 M HH ESI-CID-MS" J5 558 B T HMOs bR ih 2544
T, EZE IR R W SR AR e, AT LA
Wr HMOs 5 %1 . 43 32 i . B 3% 2 . E A 6
A o0

Chai % 52! ¥ ESI-CID-MS/MS 7 2 715 5 %f
TARIGA PR R 51T 545, HMOs [ ST
SIE BT [M-H ] 7= 4 ) — 251 C BB F i,
1M A/X BT R R3srEE S, 0 1-4EH#M
GIeNAc/Gle A4 A N2 . AN [RIZEBIBE 6%
FE I BEAFE W AL P A= A AR Al T X 53 54
i, HESFTEALE G L. BN, Glo/GalNAc 7E4H
LB 1-3 BHTT BRI 5 B s Crz XU 3, AR
D BB T m/z=202, m/z=348 . m/z=364 ($2). X}
TEA P PESERES ), 455 [M-H] Al
[M-2H > A~ = ) 85 1 R R 2405 2., 2 43 3
MSERELEH . [M-H] WK Cp/C, A Dy, iR
1-6 5732, Dy, B+ it — DN 1-6 43 32 45
5 [M-2H > —ZGE 3RS D,y B F TN 1-3 4352
I EYSE

R HMOs H 2 e i 2 1 1% 42 7 AR B AN
[A] iR AR 2 45 NeuSAc 1811 DA a2-6 % 4% 7F Gal,
Zy LRSS IR 2L, PR AR R B 0*A,-CO,
(m/z=306) ; MEVRIR a2-3 3% H 0 5 R 1 B,-CO,
B, SRHEDE T (m/z=493) =4, MR AE
AT, AR LSO i 2B AT AR A
Remoroza % ) {fi | HILIC /78R &%y, o
Orbitrap MS X M\ 100 137 £ 2% L it il 45 1Y 74 Fh
HMOs 451458 23R Ak, FIFTE KL AR S # R 4
1] 7B MS? T3 1. LC-ESI-MS* Al IR At %
FEE SR RIE B RN NS -, 3R 1 45H1%

wzﬂ 'SﬁJo

Table 2 Characteristic fragments of oligosaccharide

isomers in the negative mode electrospray ionization

®2 ESIGBEFRADEERAEEHERH

mlz FFHEBLI BER S5 H RFFE E=PEN

202 DA /./ LNT [51]

325 CHY i— 2'-FL, LNFP I, LNDFH I [57]

348 DA s [50]
A;‘ LNFP II, LNDFH II

364 DA = [56]
Oj LNFP 11T

510 DM - LNnDF I [57]

e

3.2.2 B BDOGAR I R BT

L B O R W 2 BT (matrix-assisted
laser  desorption ionizationmass  spectrometry,
MALDIMS) AT REE S . BEMR . 80
Fl9E, A TR0 e Rmekm =, HMOs
[ MALDI i [ Lt EST MS R & £, 3l 3 Bm Ay
AT T, KA o3 o A PO ZH R T
PAFSERERR O o RS E R B 0y S T
J'&, MALDI MS Hi T HL B RCRAK, X a5 ALY
SR SEMERIEAFAE— & R BRYE . ESTESE h M sEhk
W, [M-H]7E 6 s R i 2 it T 5 4%
(5B, (HiX7E MALDI FXfELLSE L. Aad i A
WF 5% & 7~ T MALDI fi# T HMOs 25 ¥ (1) % ) .
[M~+C1]#%3iE B 7 MALDI H 45 5 JE iR R 255
HoWyes i n] HTZEMESRAE & 14h, MALDI
Q-TOF 1 [M+Na [ WfENHIARE F, P E12Kre 1
A2 B AT F T HMOs £77E 1 A AR 25
4. MALDI Q-TOF 1 CID A%, HLik/D 853455
2, HIRIE A e A R

MALDI 5 HoAth 7 v 45 /x4 e 31 1Y S0k
23 Bt ME— 25 ¥ . Amano % " Fi] Ffl MALDI-QIT-
TOF MS"/3-#T 1-26 T B bnic i b M ms, TEfe
THRIRMEFI A, . Dy Yoo BB T, %
TESY SCINTREEAE , B A T GRS
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PESMIIETT B, o2-25 BEWE 1 MR 4-1- ZLWH 1T B
fb, fENT T HA =4S B O HMO S 345
P, M B 22 FhOR ) B0 S R A ) T B A%
D EWEF AR, Lebrilla %5 [0 BEA 2R RIF &
T RO A {43 HPLC-Chip/TOF MS -5 1Y
HMOs B, A TSI R . B L
FIA B2 I 1] £ 200 Z2 P HMOs VERE SO . 15 Mk
Pk — 25§ J B 57 i AR e B - Il e e R 0k
MALDI-FT ICR MS, RN N Tt BB E 4h
VINEH RS AL 7, B2 T 70 Z 51 HMOs HHE 1
SRR 3 S 2

PR SSE S, BIY. C/ZB T 2%
CID MR BT EEME R B Fo N T R4S 5y SR
FE, XA BT R S M R AP BAR L,
HMOs H5 78 MS H ) i 480 — o i W 4B A, 3
h R B SRS R R TR TR, AR R
B AT AR S ML AR . RRIE B 0] LSBT
FLREFUREA (Y PRGBS . AT B Y
&, CIDREHE T BE &AL R EHE, AACRILEH
SRR A B kA e E A, O R R OR AR 1 e
W, RELEE ST
33 diEHFREENE

LC-MS £ A3 Ht HMOs F 3 5 ik, e T3
A HTR TR 2L, 025 H I sl e = 12 W B 11
T, MREECREEITTE] | BB T AR R AR 4 55
WELEF 232 2P o TR SEME SR AR 55— Flopi 2
HARJE IRMPD G, B nT DAE s 7R,
AT AT LUBE RS —FERER ) g MS 1), BERE [
TARFE WA LT IR RS A R A 3R, AT
WAL G T RE R, B2 A R S P Y i
B 10T MR AR MO T 1) R AR R A T AR g
S5k, A HRIE ] IRMPD B 4% % %% HMOs HE
FRAIEMRZETY N 02-6 3% 2 A9 ME R 2 75 3 600 cm™!
BRI 3 ARSI, 02-3 3% 42 /R AE 3 500 em' i
W HA Fe R, 2 MS A= A B AE R F 1
B AT LL3E of IRMPD 351 7R 77

AR U5 21 A1 5633 F11 IMS-MS 1 il 42 AR 14 26 45 %of
HMOs SR R X 003 K, RIVEx 76
IMS HERS i ) A 22 R K B S SEbE, (5 Bh THAS
[F AR B GG RE A SE AR BT X 73, OV H TG
AR INE LA IX 4318 =8 25 /W 0 S S A X ),
Abikhodr % ' {ifi Ff —2H LNFP ZEME4l 5 B 1 /)
ROGEBARE . 28RS T, SRS
EAREH S 2B, W R R IS ] BT

XA SR, SRBDGEF 0 B B s, fE
e R M B NG AR A . S5 A EEOR L L
i o7 2 7 W I/ I R O 9 R 4 ]
IRMPD AR SE—2HE Bl 1 FRMELEH AT -

HMOs TERff 2 & B B b = A B R 254y 24
PERSPE, BRI T 45 AT O MERE . ZF
FARFBAINMR, MS, IRMPD, it A [ AL
Uiftt HMOs i Zhe, I HZMr bl A 324t 7
BT B EE S5 M ) e R A5 B . Hrh MS J7 iR I
Rz, AR LC, IMS S5 A, BeETE
RAYHIRIEEY & AN, Z5A R FRIE
BB HMOs 2548, SEIURAISEREZEF i ISk %
fiE o F-SOHE B 45 40 i ATy 58 2 WO T 285 3l 56
B BLANAME Bh 2R, AT LASE B ey i b
41 % 1 MS i B f# BT T AF o FragLib ™ |
Kameyama’ s Method """ #k /4K 5256 MS 55 #5088 14
LS L, DT R A5 B EE A5 R . A,
GlycosidIQ '™ | GlycoFragment/GlycoSearchMS '
SERAE AT SE BRSPS R 0 S ISR S A Y
(ST 2T

4 SREE5RE

HMOs FRAF— & HAT BRI O, BE % b
AR AR, FlZLC-MS BN, ¥
BT X T AR RS A, T LS B s S i rh
HMOs J§3 B H BT o 0338 o W 24 R IR AE
BTN SR, PR R SRR X T
HMOs Pt 73 #7214 38 - 5 1A Rt —
K. BIREAR TR, HREZHARW
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Abstract Human milk oligosaccharides (HMOs) present in breast milk are a family of highly complex
oligosaccharides that play a positive role in the intestinal flora, immune barrier, and brain development of infants.
Due to the complex matrix in breast milk, the variety of oligosaccharides, the span of abundance, and the presence
of many isomers, the detection of breast milk is faced with many challenges. A variety of techniques have been
used for the analysis of human milk oligosaccharides and over 200 HMOs have been identified. Liquid
chromatography and capillary electrophoresis have been effective in separating human milk oligosaccharides.
Nuclear magnetic resonance spectroscopy, mass spectrometry and infrared multiphoton dissociation spectroscopy
have promoted the comprehensive structural resolution of HMOs. This paper reviews the various techniques used
to achieve high sensitivity and specificity for the analysis of HMOs and compares the advantages and
disadvantages of the different techniques. It also focuses on the breakthroughs in mass spectrometry and the
combination of different techniques to facilitate the analysis and determination of HMOs, providing a
comprehensive technical support to explore the structure-function relationship of oligosaccharides and to gain a
deeper understanding of the biological functions of HMOs.
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