(HEKBOAYLE $40%E (2), p.45~52, 2000)

b~ A Y TREHR QWL &

52 LIRS B HF5

& K+, BH BE"
CPAX 11429 A 30 BZED)

Studies on Oligosaccharides Composition
in Duration of Human Lactation

Hiroko Kawana and Masanobu ARITA
(Received on September 30, 1999)

"

]

Sitiomsice FRGICS 7 b~ LANDA Y THE
HEgs ) 0%, HPLC, GC, MS, NMR 72 & D5}
IRSBEORRBICMEY, T2 30 FEMTHESFLH#
BLTx2Y"" Kuhn, Montruil 512 &k » T, Hiicsy
BofEHb O - BMEEASRR - Bigixh, BERES
hTwa. hood ) G, D-7Vva2—X, D—#
57 bF—RX, L=-73—X, N-TEFAVITNVIH IV,
BUETHIEN-—TEFV/ 15 I vBhoBRanT
W3, HicdgidA ) ITEOEAEEIR, (1) Lactose, (2)
Lacto—N —tetraose, (3) Lacto—N—neotetraose, (4) Lacto—
N—hexaose, (5) Lacto—N—neo—hexaose, (6) para—Lacto—
N—hexaose, (7) para—Lacto—N-—neo—hexaose, (8) Lacto—
N —octaose, (9) Lacto—N—neo—octaose D § FETH 5 T
LbHopEmoTwa. R, IUELA 0BRSS
AHo4 ) THEE, MR TESAEaThTwET LY,
HOEIEEY & HE L TA Y I8, Ky v BOoME
Bl HEAEESBEICSEATVE I EBTDS
hTw3.

it 9 BOERBEIC 7 - R0FEA LIty Y
N ) TEHSEELTVEHTD cnagenT o
YWESVRT2I—¥0F b, MEKREARET 3
ABO (H) Type ® Lewis (Le) Type & DBI#iic &k » T, &
EEIC L > TREBEELENTVS. Lewis METRS &,
ZHD 75% i3 Le (a+b+) Ta— (1+-2) —, a (1—
4) = 7avnr 52725 —€EFL, 20%5 Le (
atb—) T, a (1-2) — b3 Y2725 —¥HRIBL

* REFH ARFERE

TV, LEk-T, HROD I v fiid Fue—a (01—
2) —GalEBEEZbo2 ) TECHES s BidRHHE
TV, B0 s5—7%DLHid Le (a—b—) THA
DbS5vR725—E¥MWRELTVS. X, BB
IhEEWERS 2 N —RTH A0, B AR Y
Ty ) THETESE WD BREVHE b5 3D,
—7%, BEO v 7 kA ) TEERBOMKE & IBGRS
CHEELTVWAY, chond ) TEOAERBREIC OV
TRRLZBLEALHSHIZINTOVIL,

A 50T O SRgBEE VLY VRO
OIS B VIIEILFICE T IEEL ) BT
BZERICOVTHE L. EHig, BECHERD 30 13k
DOREVBARTHTHEARCMOhOEELEZ TV
Al h 3 e FRSA Y THEOMRERET 3 2 2,
BRABUSIE L W BHRS CES Y 3 7o OERD
TIZoUABEEIONS. 22T, B—AOAhA
) THEORRNLR, STFERCHEKOESH >V TE
2T THRET S,

ERMERUSE

1. ERPH

EFEEE (HERe HE ~108 HE) i3, MRT A
R Q8F, FE) »oftSahi. AFEMI
PERIL, -80°CICCERE TIRIE L. HEREL LCH
W 72 Glucose (Gle) &R T Galactose (Gal) 3 BIRILFEHRN S
# &£ D, a-Lactose (Lac), 3’-Sialyllactose (3’-SL), 6'-SL,
Disialyllactose (DSL), 3’-Fucosyllactose (3°-Fuc-Lac), Galac-
tosyllactose (Gal-Lac) &, SIGMA CHEMICAL CO.& b &
A L 7z, 3"-Sialyllactosamin (3’-SLN), 6'-SLN, 3°-SL (Fuc),
SL-N-neotetraosec, 2’-FucLac, Lacto-N-tetraose (3 BA 75 %l

(45)



ne& EF-FH BE

E¥EW o1 791y 2REFL OSSR XY
INT 3/ BEELREE, Glyco-TAG reagent Kit (£
HEHASH) 2V

2. HhoEEES O, SESE

e FEEE % 37CIKME L, Folch DREERESV
TEBLE. BB, BRI 5 £E D chloroform-
methanol (2:1,v/v) 2 1A il « SFECEST » fo. EOHE,
g OkisthES) 2E£D B - BEZR L CHEBER
BEL, AAVRBHAT L0 57 0 —DOFRKE
Lic. 414 v u=t 757 4+ — 3 DEAE-
Sepharose CL-6B & 5 4 (40X 2.6 cn1.D., Pharmacia Bio-
tech) K&k » T -7, #5413, 10mM BkBEE ) ©
VIBE IR (pHS.0) TEHMA L, AN BEMER, W
1.0ml/min, S EEE 3.5ml, SCOERERT 10mM Kefg
v Y vERK (pH5.0) 750ml & 1300mM BB Y ¥ v
BE®K(pH5.0)750mlTY =775V v F BEHET-
7o, REHESE, vV —VEBECL-TYT
VB, 7=/ —VIRBRER X > T2EORHZIT- .
BonfkBita ) IHES 2 BEZEL, TLCOMRY
Y INT I/ (PA)BFEEE LTHPLC #2197 - 12,
—7%, HERES REREEETY, EREAEL,
R Iml 7o ohEEOERLRD . ERCES
hiclBtEs ) THEEEERRL, EBEZAEL, EBH
1ol b0 ORESOHEL ) TERERD. 414V
RHH S LI BT NT ST 4~k - TSN B
BE S £ FH M it > T TLC TR T, 28,
STNEE, Fa oy be—HED kY Y BEORIHAT -
fe.

3. HPLC [ & 3 PA-BESH#E DRI

AR LA A B S0 b IS5 T 4 —lTdko
TEoh B4 ) TEBES RUBERE% Glyco TAG
(EBEW) % B\ CTHESE O RILAKIRIC 2 -aminopyridine
ERITT I /ARG THRA S SHEHFEE (PA-FEH)
ELED . PAA Y THEY VIV RUBEERS, Bl
[E#%ic CLASS-LC10 (B %IfERT) HPLC #E T 2 BH
DA 5 LEFOTHT BRI ET 1222,
% OB, PALPAK Type S /1 5 & T/ %17\ HPLC 7
5/vavavyyI—TH/E—-I7%5BL, N, ZLEE
&, ¥iZ PALPAK Type N TH#r L, REFEZ X 8h, Y
iczhEh7oy b L 2IRGTHES~ v 72/ERL .

AR L OREEOEHAE I & 0 AR OEHEEE
WET B LEBIC, £ PAOBAIIC L ML ) IH
ORBRUERERE L.

w R

1. HhoMBEEES, PERURES U TEESO
HPLHIC & BEE

Folch D ELHELIC & » T L 7 B E E 2 O i FLI
Lk 2ZE % Fig. iRl HBEEESOSARY
6. 3% TWIIIC LB REDEAIBD SN .

HEEO S B, it % 80% (data not shown) T,
WHHOZBI L ABNNEKRETELERD oML -
fo. —%, HEEESO S b4+ ) THEORTEISE
Fig. 2R L7, HE®R 6 BESRATH 1%, TOK
WHHOoZBRE L bEPL, NEHEKRI 6 HHOH
60% D 429%, 28 HEICZ 6 HEHOH 0% D 2.1%I2
ML S0HEIB6HEHD 10BUTTH3 06%FT
HicED L1

100

80

Total saccharides(mg/ml)

6 10 11 15 16 18 28 45 50
Days after delivery

Fig.l Variations in total oligosaccharides from human milk
during lactation
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Fig.2 Variations in acidic-oligosaccharides from human milk during lactation

AEW, ERAThH-t. RiT, VT )t ) IFEs 3. HEBIOT IS T4—RUZERT VY MA—9—

¥120-30% %, T LTz 1-10% 2R & & 2 BREHES DA
ESOWAIIC L ZEBIcOVWTIR), £/ YT OESE —SEROBRYEA ) THEES A, TLC RV KET v

W0HBEUBICRBCED L SOBUT LD, TO®RE v A—y - IKEB3EBRU Y7 VRORIEET > 7.
PPIBD L. VYT oEAOBERWASERST LY vy - VEREARIC L 5 VT VRRIOERE

LICEP iDL, Fig. 312, “HEF v Y b X =9 —itk->THIELE—
I — o o 3, 'SI.
I — ... = = @ @ v . . 6’-SL
m — G i ‘ .
N —

6 7 8 10 11 1516 18 28 45 50 108

Fig.3 Thin layer chromatogram of sialyl oligosaccharides from human milk during lactation

(6-108 days after delivery)
Developing solvent;EtOH:n-BuOH:Pyridine:Water:AA(100:10:10:30:3,v/v/v/v/v)

Visualized reagent;Resorcinol-HCI reagent
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Fig.4 Variations in 3’-SL,6’-SL and other
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acidic oligosaccharides during lactation
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Fig.5 Two-dimensional sugar maps of acidic oligosaccharides from human milk during lactation
1:sialyl-lacto-N-tetraose, 2:silyl-lacto-N-hexaose
3:sialyl-lacto-N-fucoheptaose, 4:disialyl-lacto-N-heptaose
5:trisialyl-lacto-N-heptaose, 6:3°-SL, 7:3’-SLN, 8:6’-SL
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Table 1 Estimation of oligosaccharides structure by HPLC and MS

name

structure

1: sialyl-lacto-N-tetraose

2: sialyl-lacto-N-hexaose

3: sialyi—lacto-N-fucoheptaose

(Fuc)+

4: disialyl-lacto-N-heptaose

5: trisialyl-lacto-N-heptaose

6: 3-SL
7: 3-SLN

8: 6’-SL

NANA-Gal-GlcNAc-Gal-Gle-PA

NANA-Gal-GlcNAc
Gal-Glc-PA
Gal-GleNAc

NANA-Gal-GleNAc <
Gal-Gle-PA
Gal-GleNAc”

NANA-NANA-Gal-GlcNAc-Gal-Glc-PA
NANA-Gal-GleNAc.

Gal-Glc-PA
NANA-Gal-GleNAc¢ 7

7/
NANA
NANA ¢ 2-3Gal 8 1-4Glc-PA

NANA « 2-3Gal 8 1-4GlcNAc-PA

NANA «a 2-6Gal 8 1-4Glc-PA
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Abstract

In this study, we have analyzed neutral and acidic oligosaccharides composition in duration of human lac-
tation. Human milk samples were obtained within 6-108 days after parturition from a healthy woman and
crude oligosaccarides fraction was prepared with Folch's partition method. These fractions were analyzed
and purified by TLC and column chromatographs, and oligosaccharides structures were presumed by two
dimensional sugar map method with HPLC.

Acidic

oligosaccharides content decreased from 7% of the total carbohydrate on 6" day to 1% on 50" day. 6-

66mg/l crude saccharide was contained in human milk through 3 months of lactation.
sialyllactose (6'-SL) of major acidic oligosaccharides of human milk was decreased to 60% on 30" day.
Sialyl-lacto-N-hexaose, sialyl-lacto-N-fucoheptaose, sialyl-lactoN-tetraose, disialyl-lacto-N-heptaose, minor
components of milk, showed the highest concentration on 11* day and these oligosaccharides concentration
was decreasing day by day. On the other hand, trisialyl-lacto-N-heptaose was recognized only in colostrum
(6® and 11" day) by HPLC. Acidic oligosaccharides were classified into three groups, (I) trisaccharide,

(II') penta- and hexasaccharide, () octa- and decasaccharide over 3 months of lactation from the result of

two-dimensional sugar map.
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