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Summary :  The kinetics of the ligand binding to the glycosylated minor components
of human adult hemoglobin (Hb Ay, A, Az and A;) and a variant hemoglobin, Hb Hope,
were studied with the stopped-flow method. The rate constants of O, dissociation and CO
association for the minor hemoglobins were less affected by 2, 3-diphosphoglycerate (DPG)
or inositol hexaphosphate (IHP) than for the major component, Hb A,. The rate constants
for Hb Ay and Ay, were practically unaffected by these organic phosphates. As for Hb
Hope, the effects of DPG and IHP were reduced on the CO association rate constant(1’), but
not on the O, dissociation rate constant (k). These results were consistent with the O,
equilibrium findings. Hb Ap; and A, and Hb Hope exhibited biphasic O, dissociation
kinetic profiles. The rate constants for the slow phase were in good agreement with that
of O, dissociation from the isolated & chain of normal human adult hemoglobin (Hb Ay).
The rate constant of O, dissociation from the isolated 8 chain of Hb Hope was approxi-
mately 4 times larger than that from the £ chain of Hb A,. It is highly probable that the
biphasic O, dissociation kinetics reflect the large difference in reactivity to the ligand
between « and B chains. I discuss the structure-function relationship of these g-variant
hemoglobins from a kinetic standpoint.

Index Terms

glycosylated minor hemoglobins, Hb Hope, ligand binding kinetics, oxygen equilibrium,
stopped-flow spectrophotometer
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1958 &, Allen S U3BE 1 + v A #a#ilE Amberlite IRC
S50 RF AT A s m= MERLD, b FRANE S
m v (Hb AizERS Hb A, ftlic, Hb A, A,
A BOYDPREDPEU%EEND Z L BBELLY. Th
LB RS D, Hb A IBEED A4 B K L
THETHILBLOBHALMCEIh, BRFEEEDOD
W, RERRO¥ER E D B CTHEOREEE D—>
LtoTwb. D%, McDonald Hic X - T Hb A, 1%
EHIZHb Ay, Hb A, THBEI WY, E7, Thbi
DG B DT AEL — RSB L QIR 0z
370, 1 BN KIS D I Y VLAY
DE-EHEE L7 VY =2 v 14k Hb(glycosylated Hbs) T
BB ERELNEIR . —FH, ThbZVavnr
L Hb i, EHS Hb A,k 130, FEsEDT CThie b
BIHZ ERHBRTWABY T bbb, O, B
¥ (cooperativity) D{EF D &4y, 2, 3-diphosphoglycer-
ate (DPG) ~inositol hexaphosphate (IHP)%5&, Bohr
R, 72V COBHRRE, Wb bE~Tr IR Y
717 mr A7 Y v 7% R(heterotropic effects) DK T
», BEOEZZOhIhbLEBIRGEZRBL CHRLR
5. LbhbiF, DPGHEER L O IHP HEROETIZEL
<, Hb Ap;, Hb A, ©@BWTIiE, ThbBEEY vER
ZEAE O, BFRMHETHRERE . BABRS O
BeowTwziE, Hb ATl S 8N KD a-7 § 7
HErna—2nEP Schiff BEAERL THEEAL, 2
WTC Amadori BRfTIC X Y REMR Y + 7 I vEEE A L s
B EDRHLMCERTWEIY, ZOMOESIT D
TREZOBEDHMIISIBTETH S, Hb Ay, Ans
CERER2 ) v, 19 VEBMLEHOKAEL T3
CENELEERTWAHLDOD, FOEEIIHL IR
NTEBT, 7 Hb AplconTiy, B84 N RumichE
TR EAEVERRBPEAEL TWA EDRIEDOHRED H
%9, MR LD ALEE, Thb 7Y 2yt Hb
T, DPGEEIALO—>THSD B84 N KIS 5
WISKE Y VML AW EERE ST B 7, DPG A AL
N7 my 7 ShBRERELD. Fi, B vBLAYD
AT 5841y, DPG »3kiEC Hb K& Licho
X 5 RERL, O, BFMEOIET, DPG + X O'THP
BROE T In & OEEEZLATEZ 5 D TIRIg\ W EH %
bhb.

RK 7Y =k Hb OBRE BT 585813 O, T4
BT 5 b 0L T, EERN B D OKREILE
LAERENTWIRWORBERTH BD, Ll Eo s

- £

AL, &E, e bIMEK DG native 22" Y 2 > ik
Hb £H4 % 58, R, £0 0, T E 55 &3t
iz, A+ v 7+ 7r—(stopped-flow)EEiz X b, &
A DNTHZARKY # v F (O, R COREE D KIEE
BT 8B 7 =7 8 —OHELERF L.

EHEUFHBRL R T, A EFEEEL—EY
Hb(Hb Hope)®ie2o\WwTh, [iEEe2EA. Hb
Hope DHEERE L 88w H D, L1360 Gly BEN
Asp BEIER I T 5 (B 136(H 14)Gly — Asp).
BEREATIZIE, O, T T O, B DK, DPG %R,
7 =4 vE#E, Bohr R DK T in & Dtk xH T 5.
7V a2 v it Hb X — & 0 {k % & ffi(chemically
modified) Hb, Hb Hope (&% Hb L&\ XD B, W
Hb &%, pERciEEBMiEEL, Thictd O, Pk
B Lo S ELERS . 2D X 5 EAnb, Hb
Hope @V #' v FEEEERIZOWTS, 7V 2>l
Hb O#EEE & 4T L TRt &N 2 7o,

HE S L UK AE

1. 7V avaftHb o458, R

ARG o - 17 RIOF s v R GRER
BRI & B RIEK T Lk, SEOMA + vk
L04BD M=V RENLUREYEERM SR, G
BRI (14,000 rpm, 20min, 0 C)ICXh A+ r—=
w3, Hb B EZTER Lic. Hb BIX COE & LTk
BREL, 27 2RINCEL > THoEDOFERER
(COMFNI 1 BN (4 CILIcth, 7 =<t HHELT.

7 ) a2 vk Hb KB4 D458, %5413 McDonald »
DI ENCBITEI L, HF 4 v A HEE Bio-Rex
70(Bio-Rad Lab., 200~400 mesh) ##84k &35 2 Bf&
—AAVER I m= N T T 4 R E DTt R
BIBMBELT COMMY vERT + ) v 2 BEK
(0.0625 M Na*, pH 7.18)%& F# L 7= Bio-Rex 70 »
5 A (8.5x 38 cm) iz 10 % Hb B GREH 16 g) X ¥ in,
FEER CHBH L, Hb Aww B & A B E2HG. A
5 A EECRE LTRSS Hb Ay 121 M NaCl THEH
L7c. 852 Bbg, COSIF0.05M V) v ¥ v AR
¥R (pH 6.60) & F#T X277l Bio-Rex 70 # 5 £ (3 x
50 c)IT Ajasp B E 70iX A B RRINL, DS
B L. Apw 2%IMLCHEE, COEEF0.05M Vv
Bh ) v A fRER (pH 6.60) THRIE BB, Aw K\ T
A S DEH L8, 0-0.1 M NaCl BSBRE SR T
Ap ZEELFig.la). A iwins 7 2a084E1%, CO
FFIL70.1M NaCl & 0.05 M vV vEE» V 7 AEEWK
(pH 6.60) THH L7 (Fig. 1b).
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Fig. 1. Cation-exchange chromatographic separation of the human glycosylated minor hemoglobins on Bio
-Rex 70 column. (a)Hb A,.., was resolved into Hbs Aja;, Ajaz and Ay, by isocratic elution. Hb A, was

eluted with a linear gradient of 0—0.1 M NaCl (———).

NaCl concentration was monitored by

conductivity measurement of the effluents. The fraction size was 5.3 ml. (b) Hb A, was eluted with
the buffer containing 0.1 M NaCl. The fraction size was 9.0 ml.

Bohts ) 2 Hb EHAO RS 8 X OERS
Hb Apl%, COBFIRLA 4 v KICH L—REH L
(4°C), BHEKA 4 v ZZ#i g AG501-X 8(D) (Bio-
Rad Lab., 20~50mesh) #» 5 & (0.9x40cm) THitg
(stripping) L7z, mEERIOWT, KILHE Ames &
Dubin O HEEOTH ADEREX T2 5, Hb A,
Hb A, Hb Ap oW TIREIEREKLY ADKREZ A
T5% Z ERHER Lic. SfEMmE, RINERK X 58
i, CO MKk, WEERPIHTLCHEL, BHEARS

(—=90C), RiRATHER® L YL, ERtL.

Pl ko & BEgREx 4 T CO ffnsks T, KEHC4T)
TiToT.

2. EXUkE

Tris-EDTA-Borate (pH 8.6)#ZE¥% % f\, HEFH
DF VTV e FAREEE L TKEFT T - 7. acid
hybridization i X 2t ERIEO B HIZ1E, Singer b
DHEDCRE NS X Hb A=+ F— L LTfTo. £

DL, e b Hb Aj(ad g &1 = Hb(as5™ 55*) 1B
SRR BN SHT (pH 4.6) I —ERMHKE L, % Hb
BHERY 7 2= v BRI, LG RERE
BYHT2=y PRI VA LACLERKALT2EED
hybrid Hb(7 v & — 5 1 V) ®WHT 5.

af B+ as™ B5°N—— o™ B+ &bt B+ o™ 5+ af
B (1)
RIGEEY % BEIKE (0H 8.6) T hif, ()R0OALIR
Sh B RS &S FEISHE S h 5 (Fig. 2).

FRfe, PEE Hb X(af 65 E ik o ) 1IeDo\
T,

o B o™ B o™ B+ o B o™ B af

B )
af B+ as™ B — a8 pi+ af fi+ a8 f5+ o
ﬁzcan (2)/

LB, Tivhh, B a BEehhi2), botds
BEOEVCAYFRDERRZITTHY, Hic g
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Fig. 2. Starch gel electrophoresis of human glycosylated minor hemoglobins (Ay, A, A, and Aj.:) and their
hybrids with canine hemoglobin. Tris-EDTA-Borate buffer (pH 8. 6) and Amido Black 10B stain. See
text for the explanation. A, : Hb A, and Can : canine Hb.

BHiDHBHERIITIE, b & bBEBBAOAY FOZE
ERDE R TTTHS.

3. Hb Hope® X OU'HEEA S (BYre) o FH

Hb Hope (X Bio-Rex 70 #+ v #rn<+ 7 F
74 ——2m= b7 x—hAENT I DS, BRI
I7R= b7 x—Hh AR I BSHCEL, RFEA,
BIET 5429 vy 77— PB96(Pharmacia) %, 80 %43
F—piz© Hb 2L, REK T 3 Bk, Eitd KE
L, BRELE. SHEEBA 4 viKkies LB, Eifo
BAKRA A VWA 7 2 X ) BEL, Wik N, BE, &
BARAFE(—90C) L 7z, gHore o Bt 12 ¥4 F p-chlor-
omercuribenzoate(PCMB) % i\~ 5 Bucci-Fronticelli
B X DT, f-AAAT =8 ) —ABIOTF LA
B2 » <} P(Sephadex G-10)¥1z & » PCMB %3
L7, SHEEMIZX ) Hg gL khEShicZ &
BHER LT, HEEML, BASBEHRSIFarnIt v
Ay 7 CRME COREL, BRLOKGREMTL
7o DLEO#EFII4 T, CO Mf&HET, XkEeH(4TC)T
Tot.

4. Aty 77 eI BEERRE

A by 7 b7 e —5NRER RA-401(= =4 v EHD
ZEHEH LY. BEE 10mm %713 2 mm O&H€ v
AV, TEERE (dead time) 132 FHEREE 6 3 X
7 kg/cm®> T, #2 ms, 0.9ms TH - 7. Hb Rk
3, & CE, BERMbE BT 5o CORE LTRFL T
HBDT, WIEICEINL > CTEFZhE oxy BIeEHBT 5
DERD B, Zo BN, KERTEEEREDSEE
(100 W) % B4t Lo, KZRKALFN 100 % O, % FHEHKE

FrBKR L.

1) HbREOHA,

(1) O, f# Bt ) it © oxyHb & ¥R (16~20 uM ~ & ¥4
)% N, #1f1 dithionite ¥ (12 mM) & REEA, 415
nm 1 361 B BHEEE L ERE L.

(2) 0,-COB#JIL : oxyHb B (16~20 M ~ &
MY % CO 370 dithionite ¥ (12 mM) & 2EES L,
420 nm 1B BOEEZE L ERIE L 7z,

(3) CO#&RIG : deoxyHb B G 10 uM ~ & ¥4
B)% COBH 200 uM) & BEWCEA L T, 420 nm
BT BEEEENEBI L. deoxyHb BHKIE, N,
FFREK T oxyHb BB /ML, ZhicBMED
dithionite Z¥sIn L CTIER L 7.

2) Hb HEEH(BYr, pHDBEE,

O, fBBEREE, oxyHb B (9 7 uM) & N, £1F0 dith-
ionite B (12 mM), O &R, deoxyHb B (K
8 uMD & O, BB uMDEBEEA L, ThZh 415,
430 nm T3\ CTHEIE L e,

deoxyHb % O FFSIC M7 - T, DRI T~
fo® &%, dithionite, Sephadex G-25(Pharmacia
Fine Chem.)” 7 &8 X OBK—N, BRIC L 5%
FAu, deoxy fLD5ET 13555 nm & 540 nm TORNE M
N1 EThHH X R E L THERLE.

3 BEE: 7V =2 {bHb A RS B X 0 Hb
Hope 122\ Tk 0.05 M Bis-tris %, BAEEHIDOTIX
0.1M v vER(PH 7.0 g & LTz, 0, ~CO
BT, 225 ~CO & Vg X8 7Bk % N, g ER
THRRUMEHE L. O,, CO BB, KBWITH§ 5 71
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BEREUSIC X h B L.

PBEnzx by 7 b7 e —RIEZ20TCTIEENTT, —
REJE7 =y F DDEREEH ERD .

5. Hb-O, F# o HIE

A 7 A= 2R AWEGHENFES LY, Hb
EE 3 mg/ml, 20C FicHlE L.

A RERBRE DO S D% 7. DPG(Calbio-
chem. pentacyclohexylammonium #)%, FTEE %
1A vRKRBELLE, BREO» 7+ v BB F
Dowex 50 WX 8(Dow Chemicals, 200~400 mesh, H*
)BT IR BE, EHRECER O\ TR
NaOH ®icX » pH % 7.2 1% L, » ACEERREO%
HE20mM BT E Lcth, XKEFRKREFEL L IHP
(Sigma)i¥, NalEZ2ZD ¥ FKBKE LTHWE.

b ES
1. 279 =2k Hb £8% % X 0' Hb Hope D 4B
& O, ¥ '

1) &k Hb o Mgk - flifb
Fig.2 1%, Bio-Rex70# 5 & 7 m—= +#(Fig. 1)IC

X hEEEL % Hb BB 07X VESUKBRRTH 5.

BERSHENCE  ED R BEEERAD, HRETRE
BECHEE fibIhTwbZitbns. b, W
W % acid hybridization I X v, ZFMPRS T
7% Hb Ak O BEULFEEED OFTELZRE LA &
A, B E BB S HCRB L CEET S
L A3 B AT T - 7= (Fig. 2). Hb Hope o Bigffifbic o
Wik, RSB LARED TH B

2) O, g

Bt 7-4 Hb A R4 (stripped) ®, 0.05M Bis-
tris 2% (pH 7.3) T D O, T %2 (20.0°C) % Fig.
3 1. Bis-tris(bis(2 -hydroxyethyl)iminotris
(hydroxymethyl)methane) fE ¥k Fh iz 1%, pH SR
e HCLiZisk 3 5 #1&(0.009 M) o Cl-Bistizit, Hb
-0, &3 % allosteric effector (X4&E . L7t
5T, TZRAHRB O, FgHtk X, Hb o intrinsic 7ot
BRMRTBLDEELX B ENTES. Hb Atk
Hb Ai, A, Avaz, Ara DI EER DL (Ps DL
F=0, BFMEDE AL LB REF TR, HROR
FAL(HIlL 2 0’ o & F =1 A #: (cooperativity) D &
TRRRFEHR DR S, MREEVETE, 5IEHHMI
DT HHEND Bt (Table 1). O, FFIM: 3 X 0GR
HOETIMEZT, IHI—ED~Tr ey 7ol
HEfEABL CHETFRA bR, Fig. d ald7 =% v
CIO%RBIL, Hb A BIX O A, ZEBS Hb A,
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) 5 10 15
Po, (mmHg)
Fig. 3. Intrinsic oxygen equilibrium curves of the
glycosylated minor hemoglobins and the
major component, Hb A,. Hb A, (0D, Hb A,
(A, Hb Ay, (A), Hb Ay, (@), Hb A, (O).
0.05 M Bis-tris, pH 7.30, 0.009M CI-, 20°C.

Table 1. Decreased cooperativity in oxygen
equilibria of human glycosylated minor

hemoglobins
Cooperativity
Hemoglobins as expressed by
Hill’s exponent ‘n’
Aq 2.89%0.14 (9)
A 2.6340.09(10)
Ay 2.194+0.09 (5)
Ataz 1.82+0.03 (6)
A 1.51+0.11 (6)

Figures in parentheses are number of determinations.

LHBELIRET, Cl e X5 0, BRMETHE(T =
F VEIENXB B2 Hb Ay, Ay, A DIEIET LT
W5 T Edvbhb. Figdb 12 DPG $E iz o\ T D ik
T, Hb Ay, Aiey A DRSS H B, HIZ A, I©
B TIEEFEDROFEL e/ RIBHBZE S iz, Hb Hope
‘D O, Ptz B L T BRI iE Lz X 5 1®, intrin-
sic 72 O, B DE T dhr—HED =7 = 7 & —(HY,
Cl-,DPG,CO) D ~F ®m b ut v 7 iiHEFHILL S
ph P ETERSE. Lirl, BRAKCEL T
& BEALHIAR B e o (Hill EHn’=2.8~2.9).

2. 7V avait Hb &% & Hb Hope DAL,
BRI IR E

D O, fEBERIL

oxy Hb & N, ##0 dithionite #\y, A b vy 7} 7 =
=R X b O, MBI

HbO, —» Hb+0, (3)
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Fig. 4. Oxygen equilibrium curves of human glycosylated minor hemoglobins in the presence and absence of CI~
or DPG, as compared with those of Hb A,. (a) O—O : 0.05M Bis-tris (pH 7.3), @—@® : 0.05M Bis
-tris-1.0M NaCl (pH 7.3), (b)O—0O : 0.05M Bis-tris-0.1M NaCl (pH 7.3), @ —@ : 0.05M Bis-tris

-0.1M NaCl—1mM DPG (pH 7.3).
or DPG effect in the minor hemoglobins.

D overall WEEEH k) KD, — K7 v + L
7o BOGEEB A B AT, Hb Ay, A, A 122V TIF—KK
JOEERIL TR S & ERTELA, Hb Ay, Ay 8L O
Hb Hope T8 b 232 2 #tE D KIG#E8 % 7R L 7z (Fig.
5). 2 MO RIGHBIZ O WTIE, 2 DR i HEE
FoFnE LKL, 3\ 48 (fast phase) & B\ # (slow
phase) DEEER % zh L hRkdiz(Tables 2, 3, .

2) 0,—CO Tt

oxyHb % CO #I#0 dithionite L BA&T 5 &, 4 HDO~
ATIER O, ZfEREL, HEe iz CO L ERER, BH X h
5.

Hb(0,), — Hb(0,); (CO) — Hb (0,), (CO), — Hb

[Hb] : 4.7%X1075M, 20.0°C. Note the marked reduction of the Cl~

(0,)(CO)s — Hb(CO), (4)
i 4« D~ L2EZDNTHRD &, O, -CO BRTIGL, O, fFEE
& CO fEE VBT LT 2 BRBERE

K
HbO, > Hb+0, (5)

Hb-+CO 2> HbCO (5
HbO, +CO 5> HbCO+0, (51"

THBHH, O, FHIE~NCOKEIZFEFTE VDT,

0,—CO B#IGIL O, BRI X » TEE S h, TOHEE
EH 1k O, MREEEEER kK ELHIE Ly (rak)!,
Lichis T, 0,—CO BRRILE—XRNIG 77 v P L, &
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Fig. 5. First-order plots of O, dissociation from (a) Hbs A, (O), Ai. (@), (b) Aja1, (¢) Ajar and (d) Hb Hope. l
0.05M Bis-tris, pH 7.20, 0.1M CI-, 20°C. After mixing, [HbO,] : 8~9x«M and [Na,S,0,] : 6mM.
Observed at 415nm. Dashed lines in (b), (c) and (d) are slow phase (upper) and fast phase (lower).

O BB O AR X b oxyHb 2> L&D O, &5 F D

i3
k, '
Hb(0,), = Hb(O,)s +0, (6)

DEETEH (k) wRKDF(Tables 2,3,4).

3) CO &G

CO &Rt

Hb+CO — HbCO (7)

13, SEOEREHETTRETE—XELELTHS &
EhTcEie(Fig.6). —XRH7w v b DARL X HE—
REEER ERD, Zh [CO] Th¥ i overall CO
HEEEEHEQMRKRD BB (Tables 2,3,4).

3. HEEHHK T 5 DPG 0%hE

EEEH K, k,, I &5+ % DPG %R %, & Hb ico
WCHlE, Table 2 ic—¥E, HEEL 7.

%%, DPGIHEFETIEHRIS kieonTHhb e, Hb
A, Ay 3ERS Hb Ay & ZIEABEDER R Lich, Hb
Ay, A3 X OVHb Hope 13 2 MR 2L, HWHD k
BRI 3F DT hIc b L B e fEA 7R Lic. DPG @
whine X v, W4 Hb A, % X 0 Hb Hope @& W HEIC
BOWTRELND k DERRZ LN, 7)) 211l
Hb HBA 2T, RBREE(IRInh - .

k, @2\ THh 5B &, DPG IFHFFEFIEB T, Hb Ay,
Ay FERS Hb A, itHb, kX xR L. —H,
£ Hb %\, k%35 DPG R, 2L ALRDL
nizh ot

I'zBdL ik, DPGIHFETIH\THDb A, Hb
Hope Dz, 545 Hb A, D% 2/3 Th - 7z. DPG D
Wi X b, EES Hb A, @ I B34 60 %I{E T L.
hiestl, 7V =2v b Hb Tkl exi$ % DPG %
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Fig. 6. First-order plots of CO association to Hb Aja,
(O, @ and Hb A, (A, A). Opensymbols :
without DPG, closed symbols : with 500xM
DPG. 0.05M Bis-tris, pH 7.20, 0.1M CI-, 20°
C. [Hb] : 5~6xMand [CO] : ~100uM after
mixing. Observed at 420nm.

1

REIPELPEHBELTEY, A TETOHRBALR
BH, A, Ajpz, A TEWTIXIZEAERD bR
7z. %7z, Hb Hope izx\~Td, I izk+5 DPG %h&E
DN bR, Fig. 612, Hb Ay B X O Ay, T
% CO A RILDORHREBE—RX 7 = v ML h T
Hb Az &\ T\ DPG HRPBD LD DKL,
A, TRIEEAERDRIS.

4. EEEFCKT 5 IHP O%hFE

% Hb OEEEH Kk, ki, '3 %IHP 0%ES
Table 3 ic—¥E, Kk L. IHPIEFEET LRI 5ME
1%, Table 2 ® DPGHHFAETILBTHELA—DH D
ThH5.

FFkiconwTHbE, IHPOHMEC LY, ERSD
Hb A, T2 EFEOEARALRI-OIR L, A Tl
EHETOEKECIEED, A, A, Al TIRIBE A EELD
Tehv o to. A, Aree BT 5 2 YRS, 7T 3. 1T
BT HRIEZHERETHS. Hb Hope o\ Tlii,
BEWHEETAHEAELELRE b D0, EHRS Hb A, i©
B &, THP 2R EHEEL T\ 5.

Table 2. Effect of 2, 3-diphosphoglycerate (DPG) on the ligation rate constants of
human glycosylated minor hemoglobins (A, Am, Az, An;) and a variant

hemoglobin (Hb Hope)

No DPG 500M DPG
Hemoglobins
k k, r k k, r
(s ™ (uM1s71) (™ (™ (uMs™)
A 97, 23* 23 0.10 © 97, 23* 23 0.11
A 95, 26* 23 0.18 93, 24* 22 0.18
Ay 33 19 0.20 32 17 0.19
Ay 29 15 0.25 29 13 0.20
A, 34 18 0.15 43 19 0.091
Hb Hope 71, 21* 21 0.11 85, 20* 22 0.085

* . biphasic. k : the O, dissociation rate constant, k, : the rate constant of O, dissociation with CO
replacement and !’ . the CO association rate constant. 0.05M Bis-Tris, pH 7.20, 0.1M CI-, 20°C.

Table 3. Effect of inositol hexaphosphate (IHP) on the ligation rate constants of
human glycosylated minor hemoglobins (Aj, A, Az, A;) and a variant

hemoglobin (Hb Hope)

No IHP 500«M IHP
Hemoglobins
k k, r k k, r
(™ (s™ (uM™1s71) s (s™ (uM™'s™1)
A 97, 23* 23 0.10 96, 24* 23 0.10
A, 95, 26* 23 0.18 94, 24* 24 0.17
A 33 19 0.20 34 19 0.15
A 29 15 0.25 35 17 0.11
A, 34 18 0.15 65 25 0.058
Hb Hope 77, 21* 21 0.11 90, 19* 23 0.076

* . biphasic. k, k, and I’ are as for Table 2. 0.05M Bis-Tris, pH 7.20, 0.1M CI-, 20°C.
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ky &2\ THE, EHS Hb Agiz s\ ¢, THP 3R 21 E
BHThBOIKL, 7V 2w Hb £HE % L0 Hb
Hope T3 & A EHRVBTBED b hish otz |
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PizowTix, THPHRIMC X b, EHS Hb AT
40 %I E TIEF Lz, Hb A i@l WTh, IZIZRIEDRD
RBALNICA, Ap TRELHITIEIEL, Aws, Al I©
BT, BEAEPHRVBBD BRIed 7. Hb Hope

o
[¢)]
T
/D
B

oWy, THP RN X b Piddy 70 % I1TiETF L 723,
ERS Hb AgcHexs & THP %hR 138 5 2258 L T
W5, Hb Agls X O A 23135 CO ARG IER 35
IHP #hB %, —XKIH7 = v Mk b i Lo Fig.
7CTH%5. Hb Ay CER L IHP HERZ BN B DK
L, Ami TlREEAEZRERDI.

5. EETHX5 pH O%hR

pH7.20 % X 0'pH 7.60 It K813 %% Hb DEEEHK

o
u

N
NN

Normalized AA
,O .
N
I

°

| ]
0 80 160
Time (ms)
Fig. 7. First-order plots of CO association to Hb A},
‘ (O, @ and Hb A, (A, A). Open symbols :
without IHP, closed symbols : with 500
THP. 0.05M Bis-tris, pH 7.20, 0.1M CI-, 20°C.
After mixing, [Hb] : 5~6xM and [CO] :
96~100M. Observed at 420nm.

1
240

Table 4. Effect of pH on the ligation rate constants of human glycosylated minor

Normalized AA
o
N

o

o
o

Normalized AA
o
N

o

]
20
Time

(ms)

A).

¢}

Time (ms)

1.6

Fig. 8. First-order plots of (a) O, dissociation from
and (b)O, association to gH¥P¢ (O) and g*
0.1M phosphate, pH 7.0, 20°C. (a)

[Hb] : ~ 3 M and [Na,S,0,] : 6mM after

hemoglobins (A, A, Az, A and a variant hemoglobin (Hb Hope)

pH 7.20 pH 7.60
Hemoglobins
k k, r k ky r
(s ™ (uMs™) (s s™ (uM™'s7™)
Apar 97, 23* 23 0.10 85, 23* 21 0.12
Ataz 95, 26* 23 0.18 80, 25* 22 0.18
Ay 33 19 0.20 28 15 0.23
Ay 29 15 0.25 23 11 0.27
A, 34 18 0.15 24 12 0.20
Hb Hope 71, 21* 21 0.11 63, 18* 17 0.13

* . biphasic. k, ks and I’ are as for Table 2. 0.05M Bis-Tris, pH 7.20, 0.1M CI-, 20'C.

mixing. Observed at 415nm. (b) [Hb] : 3~4
M and [O,] : 44uM after mixing. Observed
at 430nm.
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k, ki, I’ % Table 4 i=—#E5, L 7.

pHo ERIX b, £Hb &b k DIETHAADRK.
Hb Ajay, Az, Hb Hope i 2WTiE, BWHIZERT 5 k
DIETHRZ BRI, BUHIEZRS W TIREE A SR
BObhichole. ElepH D EFI2X v, HFHb 2@ L
kDETHRH S, pH D EFIT, £ HbiekF5 1'%
WAZRH, pHBROBE Y, EHS Hb A,
7'V a4k Hb, Hb Hope & & F L 7.

6. B* 3 X O gHoPe i O, R~ FEEAEE .

B E KO gHore > O, B~ FE A UL D—RIIG 7' »
y b % Fig. 8 IwiR7. gHre @ O, BREEEE 2 pric kb L,
FEHICH DI L (Fig. 8 @), O, EAEE L T,
T B BRI B I » e 2RI 4 b e b - 7o (Fig. 8 b).
at, B pEore it onT, O, fEEERETER k, O, AE
EEK K, fiMEAE kK BIOKIVEHLL Py o
8% Table 5 1ie—4E, W L. Kie2oWwTid, g4 B X
Y pHoPe TRZEIZFRD T\ A, BHPe o k 11 47.657! T,
B THEA2.3sDDABETETH o7, Lictdis T,
AP DIE O, HMFMEDIXE L LTk OBEEERL T
BT EDNBELNTE ST,

% =

Hb 1213, FHRIEAD bR T, B~ 0, Eik%
BN T B\ < DD B e AR (~ A I EF
H, Bohr(HM) %R e L) 3B - T 52, —7F, Hb(a,
BT 5 2BEDOA Y =75 F§li(a 8L O B8
L, THhDEREERL DRI, Z DX 5 i Eh
CERETHEREN, FDLiiAr =R aiLL»CH
BLibDD, TOBREONTIEFIFREHIHS D
DD, FERIRZ LITLTLHHESL TR,

4£mE, pHICKEREEERi% b o5 EHEO Hb
(Hb Ay, A, Az, A & Hb Hope) iz oWT, $EK,
HEOVEEIRTOIRVEERNSBEALD, ZOME
ANDT T e —F BRI,

1. BBt Hb BrhicowntT

7Y a v LA HbR S D 5B & &I,
McDonald 5214k » 7= (Fig. 1). 7 v = + ZF)ns b &iz
B&, BSOS OFIILFIC Hb Ay 8 X OV Ao I8 B8R
BWEMEYELESE0Db LWLk (Fig.1), #
BEXIBTHRBRY, WRTNEHE, MERRZD
Wi &FE 2 TX\(Fig. 2). Acid hybridization iz X
b, TALBPESCRT HEEEME 8RR L T
FAELFig.2), ¥ Hb Apy, A - TlE, 157F
UEBRDPIVENRTN2BIVCLIETFO Y AKX
nie.

- £

Table 5. The rate constants for the reaction
with oxygen of the isolated chains
from Hb A and Hb Hope and P,
calculated therefrom

. k k’X10-¢ Pso
Chain ) (M-'s  (mmHg)
a’* 19.3 38 0.28
pBA* 12.3 42 0.16
griove 47.6 36 0.73

k : the O, dissociation rate constant, k’: the O,
association rate constant.

0.1M phosphate (pH 7.0), 20°C. * : results from
the preceding paper'®.

Ps, calculated from the rate constants, k and k’.

2. O, Pkt & O, RISEEE R & DXt

79 2 At Hb(Apy, Aras, A, A EERS Hb A,
CHA, BRI (~ AREEIER) & O, HfE KT,
IHP %= Bohr 1 R&%E~F v b v vy 7 R DG
o & DO, P £ %~ 3 (Figs. 3 & 4, Table
1), 7emTd, DPG~IHP BHE0HIFIFEL <, Hb
Ay BEOHD A, TRIZEAERD AL, SEOD
EEHROKRE LML THRB E, Hb A, TXDPG
~IHP 12X ) CORBEREZHRWDIET & O, MHEE
EEH & EARZbRIDIINL, 7Y 224t Hb
CRIICHT HRE, kT AR L S BEHEL TV
% (Figs. 6 & 7, Tables 2 & 3). HIC Hb Apr, Ars I©
BT, TRHREDEECHERLTNB T L2 bhY
fo. ThHOERIL, O, PR L T2bhiERE X
{—%T5%. pHoREIZoWTHhBE, pH LF I
W, Hb AjeBWTIEk OETE VD EABHRLRSBH,
BWAHL TRk DETIRAKCR bR DD G
L, Hb Api, A €5 - Tik fast phase Iz 2WTDH),
et 3 5 3D R EE 7e 23 HIRES 234 B vtz (Table 4).
ZDfER L, Bohr EILOWT 2 bh - R R
(Enoki b | RFF) & X < —%$%. Hb Hope lco\
Tk, DPG~IHP &£, Hb A, DHFEwcL e
THRICMETE A DI LR ERAETH B, 7V =
AL Hb &3y, k eBL Tk Hb A, & s
AERLI.

SEEIE A Hb ik, Hb Ay 1wk, BEIZX ¥
LERBBLARD O, BAMOE T 2R L. ¥, Hb
Ay 8 X O A, (Fig. 3), Hb HopePiwds\»TI3ZEH /s
ETHRD DI, hi 4 EoRERNRERSRCR
HLABIL, D 3HERE - THIEK E(fast phase)
DIERIFERIC ST O, BRBETOELERTH
5 EBbh 5 Fig.5, Table 2).
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3. Hb Ay, Hb A, Hb Hope @ O, fREER IGIZ 3
15 2 K%

Hb Ap, A ©EWTIX 2 A% D O, MBEER IGHVERI
Eh, BOHEEWHED O, MEHEEER k(H 7.2)1%
FhFEN94~9Ts™Y, 23~26s7! L7 b, T Hb TIRIEH
UfE%7= L7z (Fig.5, Tables 2,3,4). & DOffix, DPG
~IHP oAz X Y L3, pH o LRz X b B
B CAE T L7 (Table 4). Chiou 591X Hb A, % glu-
cose- 6 -phosphate(G6P) L JRE L CARKZ Y =2 > a4k
Hb(G6P-Hb) % ER L, =D O, fREER G 2 HitE T, &
WH®D k=875, BUVWHD k=27s" L DFEREZBTE
D, SEIOHERETICELUTS. EbEHOERE
BAL, B/ 200K G84 & 587 nm) CHREIIh B K
ISREBN TR ER—AEE TR D, D oFR b D k EHE
WA, BWHO k L3IE—KTH D, B, B
WL, ThTh g8, o RO RIGEBICKIGT 5 &
WLTWB.,. DEoZ &b, SEO Hb A BL O
A, TEBFHEE, BVWHIZZHATH g8, o« it
JGL, TgAD kIR E R R L T 2 Mtk
FTHEE2BHZENTES. BARiL, Chiou biz X i,
Hb A, DEMAEIL, G6P-Hb Tlidig\sard 59,

- Hb Hope @ O, fBEtRIGS 2 ML E L 7 (Fig. 5).

. =7, TOHEE B (BT D K X 47.6571 T LATOH
AR LY, OB RIEFRER L (Fig.8, Table
5). Hb Hope ® a #4121 Hb A, D FH ERIUTH B 2
b, kia* ERIT 19.3s'TH b, Hb Hope &k1T5
BVHOD kx20s71E—BH LT3, Bk, Hb A, Aja,
Hb Hope 3 X 08 gHP¢ 2o\ CORER D, BTFTD X 5
CHRRT B C ERNTE B, T7bh, DHb Ay(af B 1T
BHoTL, BRY 7==9% b a?, g2 0 k HIRKEN T\
7 (Table 5), Hb Ay KA Z F hicRBT T Kk
BRI 1M E 7%, 22Hb A (af ™), An(ad B
£°2), Hb Hope(as fi%) DF&, £ BT 5HEE
HiDKER, BERY 7 == v} O kERIIC gHore TEIF L
To X D IAENET, RIGHERIT 2 #kE & 705, 3) gHore
D k(47.6s™) & Hb Hope T» k(60~90 s™1) & o Mk
nh, ~TRTFIv—BEENOHRAIRICIY, Ty
72 =v b(a, HEOEERMEZ, BERBCRTS
I IHIEREIhS.

4. 7V an{t Hb & X 0" Hb Hope It} 5 Hts
—heeEpY :

7Y av b Hb i3, oA —RiE B LERS
Hb A, L4 RULTHBH, F#ENKa-7 3 7EicHE
BBHCIHEY VEMEEYIERE Lot EM Hb ©
HBHEEINRTWB2D, Hb A TiX, SN K a-7 3 7
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ENn7va— xR ESchiff EEEZFRL, Eb

Amadori 7 (Amadori rearrangement) ¥ C3H kK

BRI 5. Hb Aw, Az, Al OFEEIOWTILT

'xiﬁﬁtﬁbgékz&vﬁ,vfn%ﬁﬁﬂﬁN

KM EREE LBENBE S h T\ 52, Hb
A, At RIZFNFER 1Y VR, 2 V vBMLEH OIS
HBEbh?, SEOBERBIEONTLIAERLIDTH
BEIFL 2. Z<&E, Hb Ap @2, LT
LOIMETIEREAEVRTHD L OBWED B D,
BBENKa-73 /8T my 7 DEECOWTIEEN
o, i Do

BENFWD T m v 710X »C, DPG LB 1
Val, g 2 His, 882 Lys, 8143 His)?®~o DPG < IHP
DfEEHE E h, DPG~IHP R ETAAEFI N
5. &M, 0, P Fig. 4)0atbT, RIGEERNT
Z1cfER (Tables 2& 3)b, £ TZOFHOIEL T &
BIFE L. &BiC, i, LD DPG &AL 2R
T547 3 BEEIECBHELEL, Hb5FHT
1% dyad Bl & ONC T B M0 MM EARHEE S h T
W3, ZORDHEEEICEHERDBEL, Hb 5 Fo&H
ELTAKREER state) & & 2854, RENEL,
LoD B, NEKTrv2it, CoXdBEHE
#HETHEHERELLLT. 7Y ava{bHb i bh
% 0, BRMET (Fig. 3)nEROA < & d—Fi, &
DEEHBHEBbhS. 7V 2t Hb ikkiF5 IHP
HROER & T HEORENMRBEDOTREEM D
W, BREIRBREPRIBIC L - THBEREFTEIh T
W52, F 7z Hb Ay, A T, NRIZIEEHEE LD
ABRALEY D, Bich b kBRI DPG 2ME& Lico &
ALHREIAOLY, SEHEHFO K HEAEBEL L3k
a-f SEEIDERHEAER, FOMKE 2 KD O, BEEK
IBEEELD D LOMRSTTHETHD. YIRS &R
U, BEDEZ ZHhRBD LI BHEMEOET Hill &
B0 DE TR, THEEOLEZ X % R-T swing DI
B X o CTHBBATE 55, RKIGEAD 2 Mk bicES
< Oy PG HEALDOTTEREME b BB TE oL,

Hb Hope i, g 84127 3 2 BB HETHEE Hb T
5% (B 136 Gly = Asp)®?®, gEHICBITHZD7 I /B
B B Sk EDOHAK, a-fEHHDO Kk EEX DL, 2
1t O, MR IGDIRRIC 185 & & 13H BT H % (Fig.
5, Tables 2 & 5). B#IMALIL B 136 T, DPG L DAl
DT RATYV v 7 «x7 =7 2 —FEEHMNEEEOBR
g, F¥ Hb OBERBICEEREbLY 2oL X
nBa B 2L B BRI IR S BEE LTy e,
B¥ZH< 136 Asp » COO~ # & p1Val® «—NHjF
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EIMEBEHR T AL i, ENKD T ry 7 &
AEOEREY DI LLTOTRIRVD, EELbR
582728 % i- g 1 Val (1 DPG &MU TchB L LD
I~ Bohr RICHFLEL TV 5 EDHEI LR T, B
136 f2TD Z DEE A DPG~IHP R D& 7w B3, pH
HROIE T (Table 4)icBE LT AHREHDHE 25
ha. .

79 2k Hb 3 X 2{b3B4 Hb, —7, Hb
Hope i38% Hb TH %A, WHEd f HEELLy
BT BIEHEOEH Hb &\ 2%, oMLtk T 3
B, B0k 5 clBENEA»bS XHHTE

%. Hb itk 17 58 &L BRI ORI O M, Mk -

BEBM Hb =70 & LI RISEERN T 7' = — 713,
SHBEVEERTHS L Bbhb.

& B

et 7 Y avafbiid~e 7 v €V (Hb Ay, A,
Ap, A I-DNT, O, P RER 2B L EbiIT, A
Py 7 b7mr—ERRX), FPRRIVFVYFO, IO
COREAE—MMERICE RERMNCTHRHFN L. ¥4, Hb
Hope(B136(H 14)Gly > Asp)D V # v F S EER
ZoWnWTh, RBFICHRE L.

(1) BEEL7 Y 2> 2 {b#d Hb £S5 X EKIKE
E¥3—c, acid hybridization ¥z X b, KRS D
BB S BEEBRRHL TV A Z E XL L.

(2) #4 Hb B4 D O, F#F1E, Ai, A, Asaz, Arar @
Bz, B, O, BFELbR~T vt vy 73R
(7= vR, DPGHRIE)DIETERLI. &hdb
7}, A B XAt s\\Tid, DPGRIEMZE ALY
LT,

(3) HAHbRS DO, BHEEEEH KR X 00CO
HEABREZHEO N T 5 DPG~IHP #8i1k, £RS
Hb Ay iclbL, BB L TH D, Bz, Hb A,
Hb A TBWTIRIZEAERD ORI o, &,
Hb Hope T, I'ext3 % DPG~IHP R b asic
ETFT LT e,

(4) Hb Ay, Hb A, Hb Hope @ O, fREERIG L 2
HEMEERRL, BWHEO kfEER, £Hb &b, v FERA~
7 mv(Hb A)DBH o e TOME & ZIF—%K
L7c. %7, Hb Hope DB g 8(B"P) 0 k fEiX Hb
A DB BB TOMED 455 TH - 7.

(6) LEDHERMD, L pHeEEtHivE T
%, 7V a2 a{bid Hb X 0" Hb Hope DO#EE—#
BEB I OWTERY N2 1.

- £

Br#zpehich, HIEE, HEEEEELE
B EREEBCFEHOBBLRLET. Ik, Kb #
B, MBS R\ el X E LB L
ki

AR OEE R, 5 68 B B ALEE L AL (1991 4F 3
B, EHCRTHRELE.
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