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Clycosylatd hemoglobin (Hb) ik, 19584 Alten #7773 o --% A4 FIRC-50 % F
wEhEAT AR T T, EREVE(BREALE L THH TH
g b TH (1), L glvcosylated Hb &y 7 rov— 54 b IRC-50, 7
Hxo 2+n{Meno—2, DEAE- v —ReRvi a6 26t 7774
—HTORENSE 3 o ( 2 -9), 19684 Rahbar i3, HEA1Z00HOE L
W BB T O L AR 2 Bl IR B ©, glycosylated Hb DBME & H
#2(10), Li# glycosylated Bb (B HI B THTSE 5108 (11 -12).1871
f Trivelli &#¢ Bio-Rex70 [ 4 % » R BN > Developer No & ORRETH % M
wRAFAZuwr 2T 74T glycosylated b Bk BbA, HbA & HbA,
FIArBETE A & 2o (13), 197848 MeDonald &k, Bio-Rex 7T0# A 4 ¥ X
MR 2 0. 05 MBEE BB CHRIE T L 2D 7uwt 77 74~ 7T, glycosylated
Hb”““mlf%ﬁﬁ'%hb& Boa, rlzsriEs s it @EH(4), 20
glycosylated b X ¥ & i 1,6 “HBRAR, BB F 7, (B4 121H)
BLUEY 7 BENKBCHBROCES LT LAY L (P 7E)ERRL,
Bla s 7> PV EMPSTEELLY PP v itk RRb o EHFENTY
B(14=19), A7 ue b 79 74 —HETHHEAL A b, AHNXK
BN, aiNKEbB iz £l Y ¥ BB T TR REAG L, glyco-
sylate® NG ENEL EHED LN TWA(RI-23), L2 LEXOY T 4
suebrS 7 —~HETR, TALGEFEE LCHSETEILRATRTHS(E3),
INEIGRBEPAETLEELLNS glycosylated Hbizid, BRORW LBEOR
WHERINDL, ETEHREOMN LT, Trivelll &OFEICL 227 4
zu=t 7974 ik glycosylated Wb % HbA, \ » HbA, &L THMEL,
LG op TR HbA, AERBTEML(13, 4-29), T hasiRhERAearic M
LT~ 37 ARl s KT 5 EHWME N T 5(30-33). -H Hbhy 4
LERB MMy @b b N T w518, 262N BATITREBEETL 2O
AN 5 Lot b T E (34-35), & HbA; oIz y Ry #a
L BBLR Y ORERABIHFTEN T b8 LT3 (36—44),
Labile HbA|  RATVEEEWITHD pre b & bHEN, 7 F 7HO BHN A



B DA AT RRETREITH BHHE S T 5(45), L
stable flbA) 1% pre Hbhy 7677 By ERTEE Ry PP Y v L
b oINS T B(45), SOLEEE Yabile Hoh B LB AHK
4~ GEBLETLEI L TRESAD L EFBRL LA TSI —42), T, &
g2 i 2 > 2 MeDonald & #fglycosylated Hb PHBRROBREEHIMIZ v TR
LT 5 (46), HbA,  oRRFEMAME Uba iZio~8ML CEY, B b o
ﬁ%ﬁ%ﬁﬁHmomm&ﬁTwa%:a%%mfw&niﬁﬁwﬁ@ﬁv%a
47 b =B (IP) o, slycosylated Hom B RMENME I RIZ ¥+ 2R & M
L7dk 8, glycosylated Hb Tz NPOERABES L EHED L NT L,
=ik P oRSBRo1-oTH5 SENKEF LRHBBRL AT, 7V 7H
TEEENT VB EBBEL T A (48). BT, LEOREZL - gly-
cosylated b %, HEEMAN, BROB L CBEBHMH» H8E LI,

A REERAT

Glycosylated b % McDonald £12 5 % Bio-Rex70 By A o ¥ BB 2 H v 7z
hoasuwh ro7 4 —CHEEYLE(4), Sglycosylated b OB HE
PRHIET AL T BBIN KM By, MBMIATLIZCHTE7HRTSS
ORI EIT R o, EFREARIYr 7 S /BRES F T YMELRES, tRE
M TAMNKTsE S Fod v 2 FA2 7477 -0 (5HHF)1 PABT BN
REGABRD LN, EASREBINFE S FAvae 2 - LBR(TBANCEL DT E N
5= 2 # fluckiger & Winterhalter 12k D #EE U B (47), TR O Bsly-
cosylated Hb HENREKILBMO ERE DO FHE AL, &irio SHEHNARICH
F LS b R L, 272 NeDonald 5 in vitro T glycosylated HbZ2 R BT
Bizniz, Hbh &7 ¥ MR 37TC, QIHMMEKBTLRT B HEE LT3
(18). # - CTEBERTE H—7 F @Y By, Zelycosylated Hh~OWM DRSS
boHbhy o HbA, & HbA, OHEEERMLI,
B ERTH

Clycosylated Hbd 57 8EIE, v 7T A2 UMb T w5 (47-57) RET
I RROBREE GBI ERCMRT S ORERK e v+ 7771 —(HLO) 2



Hlos 2 4 a8 2 0T B (58-60), HPLCEE TUE glycosylated Hb MEHBA,
&%Mc&“ﬁﬁéﬂﬂmﬁyw*i%ﬁa&%ﬁh&“@ﬁ%&*¢“°$W%
Tk TSK-GEL TEX 53574 % Ao HPLCH v b Z kit ko T HbA, - klbA - 2ora
?%,meéiéhm20mﬁﬁm,itﬁwhfi§6m3ﬂﬂﬁﬁtﬁﬁﬁﬁ
(BT s L bR B, LT, IALOSEEBRERETIEL, O8E
LB RO L L EoREERML I, E2RECIRBERAER
NE LR 2 VR F Yo glycosylation A7, F LHRMUEBRREEINED
$x ) o glycosylation A& DRE Tk EWES AT 5(61-66) DT
#r4 3 Ltz glycosylated Hh%, ZAGLAMENS ZHEMER L HHIEN L
WRMBB S CIERFLL, REKZVAZ Vv 2 WHE: = YD glycosyla-
tion 283 & glycosylated Hb #HiztH L, MERIO R L b E»
L LRAGMEORMBE» B 2EER LTS,

C o HHREAT

Clycosylated b OBRMOMBIRITT A BGLEL Y r > FRAOEERY b
Mat Lo, MclDonald & ik Hbﬂla MBROBERAMOET 2 b T 5(46),
BRI, McDonald bon HE(14) ok DB L 128 glycosylated b MMEKRD
B EMEMMMEE: Zns i T+ HP MR EHEMLLE, 361220 glycosylated
B 2 af, BEOVT LS b TR L, BRBMORERALERHL L.
XOBE, B S AR BhY, AHOBEMAEORTIIOw T, tORK2ER
TR TRESAME, —~MILERMARE, RENRIEORN 2 M2, €0
BHIABEFRILIC(VIFICERT IO, 32 0EHNICBELIHRELS T
SER X B0 EREL, BENRBEOBEGAY 72z, b E AOBEICENLE b
Pz s TR LZ,
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(1) WEBIEFR

W SRR OB £Fig 1 ko L. B RMR L ) B e WAL, Bio-Rex
70 W54 v EHRMIRE vy S Az e b 757 4~ Telycosylated Hb X
HbAO PArSE L 1n, Tglycosylated ilb nBBEE RS SN EATEME L.
itHMO&7?7%%£ﬁttﬁ,ﬁﬁh%ﬂﬁA?uvffﬁ74—$TMW
cosylated Hb %48, - glycosylated b MHRIRE, @@ ABIC REL L,
= glycosylated Hb WRKE BB oME PEBEEHGE L. 261 A X
SR UM ALETAEE, M- F o eRmL, CHoRHER LT L, 22
KPLC * By, glycosylated Wb 2RI L 12,

(2) Wb o

O W B AR MR(OR)200n ] 12 5 {4R 00.9% & B RHA B AN, kM
B Lo b1,0000, O AES L, LREREL, L RO EM A
B, BEOERAEL 3SR ELR,

@ HEBRORMBRE 3 EEONHERAKEENL, REEELTHNE ¢, 30
M 4ATCIERE L L.

@ oBRBEESSRICCLLIICHEF N YT AROLOERMLA,

@ 15,000%5 15H MR, LEOBOMERE L LA Lz, &35 LR
X3 RTATCICTT R 12,

(3) Glycosylated Hb o ir¥H:

Glycosylated Hb @41 8Eix McDonald & o Kik(14) iz # L BL T MAT L 7.

O BWAKRME 2000l s Ib OFREBECKBELIZAECELEERL,

@ 775y 2AG—25(Phranacia, Inc)# 7 A (5cuX40en) % 0,05H8M » )
v ARETHL pHE.78 CRE LS ek, OnBEMBEA T LICF - L, B
WMMABBREITG - 2,

@ Bio—Rex 70 B4 A4 > THHM(Bio—Rad, Inc)? 5 A (5 cnX40en) % [ARE
WTRE b e, QTURLEMKRBEIVIZ AR—RUERETERR, B



Packed red cell

A3
Hemolysate

(Bio-Rex 70 column)

4
Glycosylated Hbs + HbA

|

Determination c¢f phosphate

0

and 5HMF

A4
Incubation of HbAO with glucose

(Bio~Rex 70 column)

A 4
Glycosylated dbs + HbA

Kinetic study on the ligand
binding of tetrameric
glycosylated Hbs

(Oxygen dissociation curve)

0

(CM-22 column)

v
ITsclation of ¢ and R chains

A4
Kinetic study on the ligand
binding of monomeric
glycosylated Hbs

(Stopped flow apparatus)

Fig 1. Procedure of the study.



M e &7 A% e ~ P LAz, Yario perpex peristalic puap(LKB Produkier)
T A0~ 120 /URFICEB L, 79 27V s va b 28— 09 0ul ¥
Lz, Fig it LB HFEIC L 2BHHEE KT, rf%m%&HMmzﬂﬁ%
anfe, Do, LRGSO -0, IMEBILF b U ale e sl £ )
mﬁﬁfﬁ?&y%f“%hb%@mﬁﬁﬁcmmmjmmmffgqﬁ%%ﬁ
BIgAMIz e ) B2, A, BB E e, BRI IMBMT Y Yy sz bR
MHLTT HBA WM E i, JWTORIELEBE 540 TSRS CH
L, B ERBHEIRTLTOEGETTRHITL 12,

(4) b oBmE:
(3} @ glycosytated Ih &> 8EH: THL N E glycosylated Hb %3 5 2

=7 & MRS MIL A TR L2,

(5) Bbd &7 F 7HOLEE _
HbAoé:“?’}*“"?%&m&f&{i, MeDonald & o i (14) 128 UL F ool { 3T L &,
O (3)o glycosylated b O EEHETHL 1 HbA % (4 )0 i g TRER,
7 r e P ARGWA T LI 7574 — 10T krebs—Ringer #BRRRE
B o7 2TREHROBBENT L o 12,
@ Zo HoA  (BmM~.A)38miiz300mi 7 ¥ 7 MR 2wl ¥EmL, 7F7Ho

BEEE N L,

@ Zhic==3 ) 10,000847 0.50k, R L7 w4 ¥ 100m% 0.50] &
mu .

@ BMBCMILKELBAS ST CCUHMLELL,

® @ HEoRERT X CUREMIT 2, A &7 F 7HBROR ML,
SURT 7N~ EHERALL

® HH&%?T?v?XGw%ﬁﬁAR,:mHMO&7F7ﬁ@$ﬁLtﬁ
Brbse— U LRERRT Sz, BT C.OSMBRRY V7 A REE oHE. 78
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1.0M NaCli !
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T ST “Ninear gradient é E
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phosphate buffer }4bA1F P
H6.78 i :
PHE.7 HbA/ i :
0.5 Voo :
HbAi‘a] HbA1az “". Y :|

0 T T ; E :
}] 50 100 150 200
FRACTION NUMBER ‘
Fig 2. Elution profile of hemolysate on Bio-Rex 70 column

chromatography.

The hemolysate was converted to the proper pH and ionic

strength by passage through a Sephadex G-~25 column

cm) previously equ

buffer, pH 6.78.

70 column (5 cm x

(5 cm x 40
ilibrated with 0.05 M potassium phosphate

The hemolysate was then loaded onto a Bio-Rex

40 cm) equilibrated with at least One column
volume of 0.05 M potassium phosphate buffer, pd 6.78. The flow
. Nine ml fractions were collected. After

rate was 100 ml/hr

the eluticon of HbA

NaCl in starting buffer was needed to elute HbAlb.

NaCl was continued

point the column could be stripped of HbAO with 1 M NaCl.

Chromatography was

and HbAla , a linear gradient of 0-0.1 M

la 7

1
Then 0.1 M

until the HbAlc peak was eluted. At this
All

done at 4°C.



(6) #HEBLHEE
WIBEREL, L,3-V AR 7+ Y »MR(DPC) #BERE L L THv, Fiske
~Subbarowik (67} L, LT BT L,
© % glycosylated Hb NME EWPE T 2b £ 77 F 027 A (=25 4%
B 0,050 ©a— 1t VA HE, o7 0(0,IMIIb+ VY A2 BL)CTHES
W BIBLEB, % glycosylated Hb W0 Hb WA ETR, tOl.0nl2#
BRBHE LS 20%2— - LBIta A=V ICEoto, £#2,3 DPG 0,05~
mwumﬂemﬁéxa,OJmMZJWGwﬁéﬁhq%ﬁ%ﬁaLno&zsm
BTN 549 =ISTHEL L.

@ ZHIZIONGEERL. 5al 2 8EmL 72,

@ CcTmLl, (BIILTKERZOL, ABEFrTTELLKRI 2 EDH
At vk SEBEEFEELLE, )

B HAFEHFRELELRIGI V<> 21T LTHAL 72,
® WAHINGBRILATERE | HWH T LHF1000 THMLL,
® RHEEIrHELLEP-TLHEY 0%ABLKABERE 1R TLIONCTH

ULz, ThEMARLELICL L 2 TRITR,
ooy 1MidnE &I,

JRAGHE T (30 ~604 )AL 22,
SROKBEAKERML, BBABPCI00MBEREL 72,
AWEE, 5%T VYT VBT Y=Y 4 050 R EML CRNAREKE

AT 5mtE L, BIBROBulE & o1,

@ ki Fiske—Subbarow H3E0.05ul ##M L 7 2 M100°C T HEA N+ T M
L#2. Fiske—Subbavow MAEIXL FToORSFCHEB LI, 173 /27 -0
4 2B Y 0.5 % 15% WEM KK S b U7 AKEH200n IZ AN L IR,
WMAHMEBST V74 LOg 20N BRLEAARRLUCACRTFL TRAL
AR

® THBAKLOFTRALE, |

® 830mm THREEEPHEL, REHELFLRBIAELERL 12,

x3#) 1732297 —n4ANK Y BBIIUTOMNIHERLTHVL,
) FEEASO0) 2S0CIoMBR L, S HCERBEMAKR T L Y v AT5s, HF

@ 9

e @



By Uvabeg 173227 - N4dRA0RyB 1.5 MATH
Lo b BB LI,
i) BEOEEZNCCHEROZRABCABFER L, B L KEKTHA
L#.
i) ZHCIINER S ol R4 L ERL 2.
W) TOLBEET 7R -BYICoe, Bl EA TS 2 CRAEAL
. |
v BRRICEAREREREL, BRAOUVALCED, Fy7r %0
AnTe®L 2,

{7) 5 INF B8
5 HHF »EB]IE Pecoraro H D HHE(6B)Ic# L, LTl {MITL%,
® % glvcosylated b B b WA EEE LR, 00,80 2 BREH .
Lz, & 5HMF 50"'150nmole_‘ s k9, 1nd SEMF R AR
L, & Hb Bl mM6540 =15TC#EL 12,
@ MR HD IS ol B A0 201 2 ML, 1.0M E8R 1, Onl
B, BEL, AREE LMK LTHAR 1100 3 BMMAL T4 -

A
MK TR, 40% b ) 70 — LEERIEHI0 ul £ LERLL.
1000Xs, 1072 B8 F 1 % 2 7.
TN LS ol 20,05M TBA B0, 50 ML 22,
IAFNCTIHTMSLEL .,
LB TRISHMERC THE L2,
ST LS L, MBS SN 2R UL

S @ @ & &

&

(8) *H—7 F VBB N AAEER
Gz L HbA & 7 F 780 &Rk & BRI B L 2,
© 1.98nM Hbﬁo 18abiz0,15M 7 ¥ 7B . Inl 28M, 7FvHEoREE
15mM& L 12,
@ TRIESLT mMH—7 F BT 0.3 2HMmL, B2,



@ vz Y 10,0008 A0, 5ml, AP L w4l 1000 20.5ulFoBMmML
72,
® BAEC-RILKRLEAELITCTUNMLAE LI,
® ERBERT NCRBRICI e, HbA L &7 F MBI G, Y
K7 T4 08— BfH L,
® CIHBE7r P 7RAG-8BA741, ZOBREEF»—-F LINBERT
ki, WEICIZ0.05MIGER » v v A BREMolE, 78 % > 72,
dpk) H—7F o8, WGiEM 10,2 curies/umol, 57uCi/mg HHFHMBE
0.9mCi/ml (The Radiochemical Centre Ltd, England)

(9) HPLC # v 2 glycosylated Hb 48 H:

® B

PRI ISFOHEA ¥ 2 Y YIKFETERNER L10BOBBRA L B2, WA
WBEDESIZLI~16F, BEAOEL RN ~5FTH-1, BRWEHIZREKX
FHEBBARBETH), MR - BRERE, EEANE, 71— hBE,
WHBEEL T AL ) OKBMEEIL, HE2L RN L TR L7, BRN
PR, MIBATEREIC L DB L, MERENRREEE, DY, ARG,
RHEORT, BEHOWKEZ Y, RUMLRENEREOMBL VB8 LL, &
RHRRSTEIL, > b RERORED BETRE L. REASRE, BRA
DEBEL O L bORER L, BRWEHEL, REZRERBCRR LR
(hy B, MK 2 RBRIL BB R0 2 B2 50 TREL 72, By B0 ¥ty I
BRI A I, 170, 4654, 2 EHM £ AR IR )us/dl, HBEF X D RARIK 2 To R
BB 42,6517, 5(PHE 2 BN ¥ AT H o1, By B PRH KR M
217,086, 4( VBl + MRS mg/d], MBS L 0 RIKIRIK 2 0 LD IR0, 1
17,9 (R EMBRE) A Thotz, —H, HEBIL FR, Rk 2%
BILABE (A BE), RIS RBIRI LB, B)CO 0 TREL 22, MM,
B 00 3840 I o BEECEE3. 262, O P4 40 0A%) mg/d], By BEO PHIRM M
BH 199, 8113, 00 P IME + M) na/dl TH o2, FLMRKIES 7 HIEH
BIWL, MEE2EELL, 0B, ANORKEEARERC, BRORELE

HEBI128FK U1, MBI Beckman glucose analyzer(Becknan {nstrument, Co,
Ine, USA) Im /Ao~ 4%3 #-¥ETCHELL,



@ CGlycosylated Hb o %k
BARIE ~os ) v HIEF R M2, Onl iz, MBI HI0BRIE 20, 9% & ma
KeIWHERE L, BER, REBRLEICLITERAREIB vy 2L T
B L, 1,000y © 154rm0%8, LRSI HPLC B HE(50nM @+ ¢
) ARRHE pH5.80)C OB, €08 al ¥ p@B L L,
Glycosylated Hb 412 it Solvent Delivery System Model 638 (Hitachi Co,
Ltd, Tokyo. Jupan) 2272, Clycosylated Hb sr BBz JASCO UVIDEC [T
variable wavelength detecter (Japan spectroscopic Co, Ltd) 2w, HE 415
nme v F0.18 TEEATL L. AT, BIEERIC 0-0.20 Bk b 0 AnER S
T b B30T v, RICEONEBRE b ) v AR oi5. 800, 2MEE (L b
Y aREL) CIBRMATR o7, oM, AT AORKIE L0nl/g T, HAE
25°C 1 % B IS 1 (MESSCERATE — WERK LAUDA, Western Germany )T — S Io{R - 12,
ERIDNT LN TEAIE, HBERTLOMITE 272, & glycosylated Hb o4
fib BIEM T 2HAEEAY F75 2 2 Vo Wi Le, BEo Sk
x%ﬁ%%%ﬁ%%%ﬁ&@m¢a,ﬁmw5£%,%M%&z%,%Mﬁzm%,
HbA1025,0967 Hbﬁlcg 1.5%, HbA;0.6%, HbAy 4.0%, Hbh, 3.4%, HbA_ 0.2%
Thole, BHRMOKEERREIL Student “t” test v 12,
¥EE1) Bulzf@AL o, MhlEIERRL, REBO K ESwm, b
YO IBTHRIEES L, b BOEBE RN Lz 251002 CcHRME
Bteteh 8 nl 2EBE L 12,

¥XGER ) PSR u et Ny ZOMIT LR E AR AT 4 Y RIET S &,
b TEOBECERE 2 ED U b ot, 22l % S0sv, 200my T2
HREL, BHEROB P R—2 54 Y LEHSBL CRBESD 1k E,
% glycosylated WA EHOEREFRH CHEL, £ b nEBICH T2
MOERML, TOREITE pHBREL, BRHEN 2% TH - 12,

(10) Hb e 8, B TR

Hooy a 8, B8 r#ikiE, Bucei & Fronticelli ®FH1(69) B tF Makino
COHFFNICBEUTOMIEIT Lz, t 8% R4 &

© Hb » p- 7 KBREER (POMB) o



G H—2AB%asuvt o 74—k Ba—~PCHB & B —PCHB oS-k
& F#--PCHB—C0 niiE
@ o —PCHE-CO ooi& & M PCHB
& A -—PCHE—CO ol PCMB
® o, F#o SH Bowl
@ 6RO,

M b o PCMB iR
i) & glycosylated Hb &~ AR % 1mMegi§§ = 14,86 rn#HHEL, ARk

D~ BRI T AT mole) = ~ 4 B (nt) XZEH (al ),

i) PCMB 2 RAPL~NLMD2EEB LI, ~A0 Hnole B XD, 357X2=PCHB

BB (ng), = PCHBA, PCMB 20ng &7 0 LN AKE{LF b 07 alel ZHE
Lo, LS CBISG, INEREDRT 20 NBIML, 2 LBz RET
REBR s 1 % 1k b 72, |

i) Hb WM R —BERERBRL, BE LR, BYLLeBEEIERLTC

AR R BML I,
iv) Hb BERICHYOKEBILT M VA SR IMBERA Y 7 ARBHE o6, 0%
wBmL,

v) Hb B ERS LEd G AP 7~ CHlEL, i)THERL PO BERE]
WY ow- NIBmL 2.

vi) KicZo b HE Inl 720, ALt V7 4beg% v ) o Hb HEICEHMN
Ll e,

vil oy Hbh #E%, P MEEER T o 6.0 i2FBL A=,

vii) 2o Hb B khic-BIARELAAL, BRLC-BEAL 2.

ix) 1,000Xg 15 FBECRIEBRE LEE/L.

x) 77 F vy 2 A G T A4, 5enX3Ben) k0, 0IMBM Y ) 7 288 iRl
B, 7TRMILL 2k, )T/ LA EEEION T A F - LT, ARG
o PCHB EBRKE LI,

xi) REy > ail@A%o b BBo o 6,712, 1 MESH»1 MBRAKE= 2
N AW THEL,



@ W= Paruwh 797 4—10kb a—PNMR & B~ PIHBO 4

Y CH—2 247 a(3enXlben)® O, 0IMBER » v 7 AR 67, 11 O
PHEEALL A2, IRHHOpHHE,6~6,80MICH B AR LL,

i) OT#Ez ot b—PCHBE, EilA T 20Fy -V L 12,

i)y 0.0TM Ry Y v LB ol 6,72 v, KM S0ml/EER THBL, 7Y
7avav? -0 TouELR.

v) Bov —7aHEHE Lz, 0. 01MIBRR 2 VY ABREMS0L! pf 6.7 20,02
W dR K& L ) 7 AERHES00n] T ol WAL %2 i1,

v) Fig 3 lm+ kI, A8, WEARCA), af, X( 7 )oRIZEHS niz,
Lo BEBLrogor - 2NEL, TN BIEKEETBAL, £
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Fig 3. TIsolation of o and B chains of hemoglobin on CM-22
column chromatography.

Hb treated with PCMB was loaded onto a CM-22 column (3 cm X
15 em) previously equilibrated with 0.0l M potassium phosphate
buffer, pH 6.7. The flow rate was 50 ml/hr. 10 nl fractions
were collected. After the elution of 8 chain, a pH gradient of
0.01 M potassium phosphate buffer (500 ml) and 0.02 M K,HPO,
(500 ml) was needed to elute undissociated hemoglobin A and

chain.
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Fig 7. Example of oxygen disscciation curve.
The oxygen equlibria of glycosylated Hbs were measured on the
solutions containing 50 uM heme as described in materials and

methods. The temperature was controlled at 20°C.
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Table 1 Phosphate content (per Hb monomer)

Hb _ x + 15.D. {(mmol/Hb mmcl)
HbA 0.98 + 0.07
lal
HbA 0.48 * 0.16
la2
HbAlb 0.03 + 0.04
HbA 0.08 £ 0.10
1lc¢
HbA0 0.02 + 0.G3




Table 2. 5 hydroxymethyl-2-furfural content

(per b monomer)

Hb X + 18.D. (mmol/Hb mmol)
HbA 0.48 + 0,12

lal
HbA .57 + 0.20

la2
HbAlb 0.50 + 0,13
HbA 0.45 + 0.13

le
Hb’AO 0.05 + 0.03

{N=10)
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Fig 11. Elution profile of purified HbAO incubated in vitro
with 3ng1ucose on Bio-Rex 70 column chromatography.

Purified HbAO (1.68 mM in heme, 18 ml) was incubated with
0.15 M glucose (2.0 ml) and 87.7 UM 3H‘glucose (0.3 ml} for 2L
days at 37°C. After passage through a Sephadex G-25 column to
stop the reaction, the incubation mixture was chromatographed
on a Bio-Rex 70 column. The conditions were the same as in

Fig 2. Optical density (-+--+), radiocactivity (-----) and

) of eluaté from Bio-Rex 70 column are

specific activity |

shown.
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Fig 12. Elution curves for hemoglobin from a diabetic patient
and a normal subject. {upper panel: a diabetic patient, lower
panel: a normal subject)

Fight ul of the hemolysate diluted 9 times with 50 mM sodium
phosphate buffer pH 5.80 were applied on the HPLC column. The
column was eluted at a speed of 1 ml/min with 50 mM sodium
phosphate biffer pE 5.80 with a linear 0-0.2 M gradient of NaCl
for 30 minutes at 25°C. The effuluent was monitored at a wave-

length <¢f 415 nm.
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SRS AR E B (Hbhy p<m0m,ﬁmkgp<momh
r] LS

5) BEEMMOAERE, BRBEBREFOSHOAEICL B glycosylated b @
ki

BREMMO AR, ERREMRRENSGHF S A HEN L ERKEA D Felvco-
sylated Hbir i@ oo+ Tabled 2R+, LEMEHFESHFH L, AHESE v
“ﬁ%ﬁ%&%%tHmm'%M&n%mﬁﬁ@m¢?ﬁﬁt%hﬂ%hc?Wﬁ
Km&ﬁﬁﬁﬁm%%mtmﬁﬁﬁﬂWﬁﬁﬁ%%hhmwﬁm,%M%MKM,
HIR RS B B ITbA Y, 0 <0001, Wohy o 9 < 0,001, & a0 % BIRA
%MMD<&N,%M%D<QM)L#LﬁﬁﬁﬁHWﬁsﬁﬁﬁﬁwﬁﬁms
WEO R CHRRA D SBEOM Tk, & glycosylated b SEoOH#ME I, i

LEERITED bl o 120> 0,08),
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C BN
1) Glycosylated b @B %EVH

Glycosylated Hb VAR E FEREE £ Table TICMF. Hbh  HBRKH AN
tEHbA m@%ﬁ#ﬂﬁ;%:ﬁ;&i@m%aﬂmt(p<0.001)ﬁﬁ;:ﬂbﬂ1al, HbAlazm%ﬁ
BAEIE HBA 1 B F 2 Rz (p <0001, p < 0,001), HizIHPHEERAL
m&ﬁT%%igwmwmmd%?@%%Km&ﬁTT&:k%ﬁmﬁm<&Nﬂc
%E%MH,%M%@@m&ﬁmm&%m%%uﬁt<ﬁTL1utw<&%h

p<0.001). DL Eo# Rz Mclonald bR & IEIT~R L T (46},

2) Glycosylated ib & & 8, B OBE PH

Hglycosylated Hb% ad > ARz HMEL, ZOMERMM LR L (lable 8),
Bio—Rex 70 M54 # > CHBIBL A a4 2w b 2777 ¢~ Tglycosylated
Hba 8T 580 wnbractionated Hb 0 @ 8, BHO Pygid % <0. 43 mily, 037
walls & Branori b o) RBLE LEIE ~B L 12 (72), HbA, . HbAj, EHbA| o @ O M
AL, MDA 0 BT H~P e ML T s o 22 @R (p<0.001 p <0001,
p<0.05), BROBERDA, Llibh O BISERED & NE o 12 (0> 0.05) 20 Hbhy
mﬂﬁ@&ﬁﬁﬂﬁ&%tw%?%%mtw<&mnoWimHMNW§wm&§
BT IE, HbA 0 BRORERIMNE TIETL b rBbnt,

3) Glycosylated Hb a8, B ~MILK RMEABE L RELHHE

bA,, B # M ERAE T ORE RN TE LI, stopped flowilz
IO, HbA LR E LT WA 0ol BEOKS BT RS RERITTER
%z‘ﬁlmu;o Table9 i M LA EMAENER - MENCRETH L RT. HE
Liag, B & LT HbAy, O—BARERGRETEK (07), BERGBERER
(k*)idy UbA . O @, ARNL, & 212 BT 2T L EREDHL,

4} Glycosylated Hb o a 4, B EHMR R WMIE K

bk > RtBE L L CHbA o> @ 41, B0 R KIBERE E B £ Table T0ICH T HbY
D ik, 1A O HLERCEEBOLL 22 (> 0.05). T RIEH LT 1ba,
D BEDOBF IR BE BT, WA o AEHE HEANTHEL AL ED 2 (p<0.001),
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mEVE 5 =

A BEWS
i) BEEE
Hbﬂl&1 ) be‘\lazs Hbfi]b k HbAlc EAHENEEIC, 201, 6 HEBEE O
w7 F o, (Hbﬂlb IZANHYE TR oS L CHEREESNA L LN EEE SN
Tewh(14-18), T - T % stripped glvceosylated Hb o #Sia A B, HhHEEK

1 mmo!};f:')HbAla 1 mmol, HbA 0.5 mmol, HbF\lb , }ibﬁlc & HhP-OI;tOmmol

la

1 2
THEIETHENL, KFR T, thla]
BeEgollE By, THIMEEQL 2R E2TRLI ERG, Mcbonald &0
(M)A b ThHb L EEETE L, ifcﬂbfhlb iE, 0,03 amol  E{RME

%ﬁtg:m%hbﬂ%ﬁtﬁﬁ&&%%b(w&w:tﬁﬁﬁéhén

2} 5 MF 2R

by, o fbhyg by, e BN RS AT T €7 HORAT
BIXizk D, tn®n b HEAK T anol 10 0.5 anold) SHNF pEE AT
BNE, ARIRAMBIZSE glycosylated Hb H7490.5 mwol o5 HHF @A Z R L,
THBE BT 2 BB o, 2 MbA, L TE, foglvcosyiated fib
LB 0.5 mnol o BHMF EEAENEB G R Lk 0, Hbhy G176 A DRK

LMoL TH B ENERES NS,

3) *H-7Fv7#olAAER

Bio—Rex 70 A A LB r 7 a2v >t 777+ -TREAL W %
7Ty PRG-2BAF ATV 777 ~TRET D E, HbA KPHOR
NAFMIEIE XA P HBOLREL L at2, ZHIFH-FF 78, Bio—Rex 0 F
1 RRBME s sAarzve b 7S 7~ TREBIL, HbA,  2ENC
WA LIrhE#ibng, Znrktl bbb UbA X, 775> 7 A0-25
AZazoebr 37 ~CHRELTL, BRANKRT "HoXN AAicH2ED%
Aok, Thlk, CH—7F 78 HbA kWA EHGLREBHEFZH 0D,

_..43._.



WHEMTHE &, HbAy ICIEE EACRDAATED b NG oTz. 1o TbAyy
R7RIEEBASL QoI e nicb b b TOIMFEEAN AL I 2R
TR TEUNORAKIBORE LM S b, FRHbA OV AAKEK ORI
PoHRR S B, HBA, AV OO N ERATV DI EE A RE 4D,
B WA OHICL, XOHHORFH—7 F 7 MO ) RA2HMES B AL,
SiF, Shepiroh ORR(23) E —K L, A OHIZL glycosylated NIz HirH
BEENTOBIEFR LT BERbRD.
iﬁmﬁﬁ%%ﬁ#§tﬂmhfﬂmhﬁﬂmh{i%n€hﬂhml,63ﬁﬁ
BE, SR YOEE7FVEsES LB TH S c 2 BAaHE, 5 INF
EERERL Iz, HbAy, 2BL Tid, BbA OB7 ¢ ML boTEE v o 2 H
HoHB(T3)7% HbAy 7 "H-7F 7HEWM VA EL L - 22 51, ZOHH
YT LAY, LSHMFREA AR glycosylated Hb L RIB A LI R idRAAL
MAYEGINTII 2B IE), COHBCEENETLTCHE, &7,
Hbhy, sHbAy OBL7 ¢ FAEL L0 TR B w2t OBELH (T, H-7F
THORA ~DOR DV AHKERT Hbh | ~OMN BAFE LN L 522 LN D
DUBELE 212 v, Bo TRFRBRIT, HbA »BBEEELV7 F THL
RORKNBOREK L HHE v EFRARTHE L Bbn b,

B EBatr

Glycosylated Hbon Bz, BRREBEF LT TR (, REEH(4-35, 75-78),
T - AR EREGI(79), @PBEMGSE), PRV C-OKBRBESAGLIZLES
bATw3, FLMEBEEENES BEL, LEHTIE IF OBEBELBES AT
H(8). FFRCEHLEOME XL OBHFEIRI LB L TRIL L, Allen i
Hhho &glycosylated HbATIr BERIABZ Z & 232 2( 1), MeDonald &4, Bio—Rex
B4y ZRBmMBEH YRS LA 57 4 —3T, glycosylated Hb
f.r*‘HhAlal, HbA]az
2, HPLCT D glycosylated Hbhod 5 8EiE  #45 L 72(58—59), HPLC Hiz#iEp AR,
BELSERTHE EBEL TV, L LBEHEECo HPLC B0 Hbﬂlc a3 -1
FHELLTEY .HhAlat Hbﬁjb liHbA]a+bﬁi‘f@t LT MichEs N, Kk
W TiE TSK—CEL 1EX 835 # S azJfivic HBPLCHE ©, glycosyiated Hb E—thla,

) Hbﬁlbészﬁlcl:ﬁf'ﬁﬁé-i’LZa:.t ¥ B f(14). Cole # Davis



by, EHbA IZHIRALT B 2 EAfT B, HbAy B EL K2 ONTH, Hbh 32
LIZ3 OO AT BT LA TE L, F A HPLC B TIX HbA, i HbAjy
Mol 2 nimst, HhA OEFRRES PR -2 LTOMERTTHR
Thol. B, glycosylated Hb o HiTstable BbA, X IEFEY labile HbA
AR, BEEAEREMKTL-SHMALBETL L CHRESAL EHWESNT
wE(4l—42), Ly LEBICZoLEREICL Y HbA L SESHMT 52 &N
B b T B (41-42), KPR TIZHA, & HbA, DAL E Al B 2 A
FRILHHG TR LD, HRBEETELY, hEREROR, 22 BTHEMNE
DREE 0 HPLCIZ F v — 2 LTHEFTER AL, ZOBR, BRREF T by
DBTE RbA LEbA, OEHBO MM AL N, ﬁﬁ@mi%z:r{mlcz 5B 0
MmE@sr, IbAy ObTix, BRABETI Hbﬁlbl. thlbzk bR Bz
NRTHMEABH 500, WEHREOHREZZD 2 o, & HPLL HIZBUS

HbF o & it HbA1b2 E HbAlcl oMEb L, Allen ik, 7y =541

IRC—50% e h 7 a2u 2t 7974 —HTH HbF & HhA, off@iz—%L
THRESNAEZEBEL Twa (1), HeDonald b i Bio—Rex 70 KB4 A+ >~ THBIR
tMetzAsazawt 7974 —HTi, WA, HbAy » HbA; ZHBA o
hosmicbHELRD IBF BEb b L EREL T 5I(14), RENH
WA ARG BHETHE HBF E Bbh OB KL TEHEN TV B2,
F 1= WPLCHECI1E HBF o EIXHBEIC 2 Ty (58—59), AR T A HiPLC
1b, d Hbﬂlcl niliciEsbLnt, BRRAHTIE BF o
5ofe HbAlcz S OMMs B b iz, IO B BER HbA AMEER
Btd ZEHEb Nzt thlcz SEHEIZ glycosylate SNRPETH I L %
B2 L, ZhizkfL HbAlbl @i, 7rvEoMEaLEwRFITHN, b
5vi3 glycosylate 2NTRCHBETHZURML F/E N5, HbAy 2H L
Tt MeDonald &k, BERMBH. WA, WHRICKADT 2Tk s BrrmML
T2z LR BMH TS (1), RENE 27 & ERVEHETH, b, ., I
ERMBECHBICHE <MY 2 EHMEI NGB (13,  6-27), FoRETH
de Boer % Oimowi ik, WiIRMAZF O, REEBFTYL Hbh, | HEEC
MM+ 2L 8% L T (34—35), Zoofa Ay i3, BREICEBH N0
V=Y a YOHBRENL LI RBILBEENTV5(34). Ly LERKRTIH, ®

i3 HbF ik, HbA



MR LB LTE DA HPLCHIZ L 5RbA,, ORMERFICL 200k,
BRI L BWBEHLL N B, KR TIE, HbA,, L EOEOESMEMHE X<
Rk $ Bt Ly fhdyy L 2O @OHizmlifz KoL o. 21 by
£ b, @ glycosylationdBWNRVERKRTILDEBbAL, BHAEXT
Ay, OWMEZTHTHEA, HbA 0BT FILLZLOTHIECIHBE LS

[+

B(73), LaL,—Bizl7 s FERIBH7 F " BCRES NS $RE LIS v, 312
HbA ) OBLT 3 FAEL 23D TH L v 8 b b 5(74). Lo L, HbA TiX, b4,
TR ALMBEEOMMEED T, TN FZC . TOLT, A A
RABETHNL T HHERBTES, B2 HA H 2% by, o7 t F
Llitb & H 22 wI L2 RBRT2FREB OIS,

"H=7 F 78 OIbA ~OWM DA AERT, Ibh KBROE - spfobnrl
Lig, Wbh, #HBORSPLLBIERZAT OO LB b AL, 1220 HPLC %
T, HbAy & HbAy 2E b ICHAIEE NI LI, HbA, & HWA 0T O
heterogeneity # B+ 25N E BN L. Gabbay & Mebonald i, 7 k7 s
BHENEHZ T aFNKERL, tflloy y v EREZLESFLTVE I LS
BT B (14, 20-23). 7 Shapirobs ik Bio—Rex70 W4 #+ > LB 2 Hv
RAFazuvt 7774 —HECHBENDIA OPIZb glycosylate & N2
FHEEIRTLIEREDTVE(R3)., a—~Jry—1,0=-99>=T7,a—)
Sy 18, By —1,8—yFr—17, B— N ¥ —66, B~ #>—120 &
EH BEhglycosylate TNTV3(23), Z@ glacosylationd BEIZELTIE, £
BN KBIZ pha 2948 ¢ ,glycosylate SN2 FL, —Fa NP ) o B
oKa 77 ¢y glycosylationit BN XBOUI0BEL 3 AT wB5R1-2), =
Aob, M7 Py B0 RHEBICE» BV F0 Lo BBERo MR THEE L
Ty b DH TP glycosylation IDEATE I EHFEZ b hb. Shapiro b A
A @M1z glycosylate B NI AT ENT B0 B L (23) oL AR
s Wby s HbAy Rz L ABINRALIMC, U oY BEL aBIN K ilirelyco
sylate 84, FNLAREDOEE LTHMREN, A, , HbA, 2WEORD
BOoRMAL EpEBbLAILEzLND, tOEHOLDIZIE, BHBORERE
PRENLHETH L,

BRAETIE, AOEBS Yy A2, PAT IV, 33 -9 ¥ glycosylated

_46_.



nTwvE (83-87), &y Az yryEkzzy rb b AR glycosylate 2
P, %G AU R S BT BT, MIRRHNEREORK L L s TREF TR NT
v 5 (61 —66). BB TIE, TALASHETHROCHMMTSHEIEET 250
A fat L, FEANRESROUK®RT BOHESFET L LS, 105
A0 Ty —EM LGB LS REp AL, RER T, MEKRROK L
DEE»r S 7Y AP Y v eI XYy glycosylation OFERE BARE LIz, rES
Wﬁmﬁﬁﬁ%ﬁp%Wﬁmawﬁﬁﬁ%t%ﬁbf,%ganMmd%ﬁﬂ@
CHFES AL L e, BEn, FaERRSEEICRAMEING 7
A %Yy rixy o glycosylation ik b @ glycosylation EPATHEL Zw
TEaEER IS, ToMCELTE, 2VAFY Y, T2 yokb BT
LEANT FOBMFOBRAMOBRIZIBIELELLNDY, IRERAORE
oM L rTRELFEEND,

C  BERmA

$ﬁ%?ﬁ,%Ma%aﬁ,B%{timLtﬁfl:vr?,%m@iﬁﬁﬁ
BEME LE T 5, HbA nH Tz oy b Lo, —BILRENMSEEERE
MRS R TIIERRSL NP o2, THEXRLT, BbA 0 BHORK
ﬁﬁﬁ&ﬁm&,mmomﬁﬁumw{ﬁﬁu%#otuSmmmmmtPummm
E, WbAy | URCAK S HbA BB M MR BEE R ORI b AL ok
&ﬂ%tfw%wmoL#L$w%?mumhmmﬁLtBﬁm&ﬁﬁﬁﬁ&ﬁ&
ﬁﬁﬁtﬁﬁwa&ﬁmﬁ%%tn:mﬂﬁm;MLE%WthmHmla
PBEBEMEDETIZ, SHOBREMERE, NG ICHMML T 22 LICEET
LLEREND,

Clycosylated Hh OMEBMMEICET S 1P HENETIX, Liirsr#sdbn
T 5(46, 90). HbAlal, Hbﬂ]aét oty ©BFNRAF, £ ATl 6 AR
B, oMM E s 7 P UBEARA LTy 5(14—19), Wiz [P DHERLS
150h s AN KBIZS T2 LEmlis 1P MR2ETE T2 EHIHA
%néBKHMhl,%MWO)WP%%ﬁﬂhﬁ?wa%mﬁ,:nﬁm3
BN KEICHA LT 2Ry, P EBAHEREI TR EH 25 N LH(46).
ithMe8&%?HM“JWﬁmﬁiﬁmﬁmﬁﬂbﬁﬁNkﬁmﬁﬁﬂl



AFAMT L BEHY, BHEIH T2 AR Yy PREGEAT 22T
CBIEARBLTVALELZLNS (91). ZOMER X T Ae, Hb HERIC
B ABBROBSRN AR, Y72 tORIRTFVHOBA T 7N
7&ﬁmtf,%7mzvbé%?%%wabﬂ%ﬁﬁ#ﬁén&uPmu k
Inai FBHEEIE b OBREBRMEEZRHFL, #7222 PDANT» 72D
BEsF 1% B raRitse, NBELLCO b DY X FRMELETE
eBIEEHBHTOB(), ARRBRE, SHHT 22 L OBG, TR
BEEELT, WRMCREBEERL T2, TORRELTEHY T 22>
AN Y Y FEMEE R TE T B LEERECL,



@ Clycosylated Hb%Bio—Rex 70M4 # » XMBMEH A7 470= 77
7 1 —?}i’ﬁ*ﬂbfslal, Hhhlaz, HbAyy & HbA, I REL 2. %ﬂycozsylated foem
BgeEEE b BEE Lwel H2N#1.0, 0.5, 0, O mol Thot,
@ & glycosylated b » 5 HMF EAEIZ Hb BEE lumol 720, TR LN

$90.5 mmol FEéb b LT,

@ ‘H—-7F 7% HbA_ ~OWNAHXKE LD KA TI, "HoOBRBHOE|Y
A HEFED, HbAy AEBORTpHLE DT EERBR LIz, 22 HbA DX
EAERN A &E‘ﬁd}f:ﬁ"of’

IRLORBED, Ay RERET ELT 7 EUORKILEORBKT

bhreEEEnNRDC,
@ HPLC 2k 0, Bk HbA, i HM“H ) anlbz iy HbA, & thl°1~3

B EENESE L (I Ne, BREBET, IN600EERFLLNE,
HMRW¢@QHMMZﬁ@ﬁﬁ%i(&ﬁﬁ%ﬁ%T%:t%%btn%Mﬁ
BRAEBLZCHENRICEREML TR L0 alE o BB ok o1,

® BRFEEOHE, BRELEMNERESBINelycosylated b % LD HPLC
THH LI LIS, AR BCHRAEE LKL, % glycosylated Hb Tl
NEBICHESEEdU o T,

® % glycosylated Hb MEANMREMAE LT LizL 25, HbA WRKR
&#ﬁﬂﬁmﬁ?%%b,%hcmﬁwﬁ&iﬁmﬁWQME%mtn

@ P ZERIz glycosyiatfd Hb THT2BH L, FiC thisl, HbAlaz
HERETHL 2,

® Clycosylated Hh HMEEH TR IR 2RI LR, bh SHOMER
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