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Summary : An efficient procedure was developed for the enrichment of Hb F (a, v,)
in human adult hemolysate by an alkali denaturation-salting out. The method can be
applied to small amounts of blood with less than 1 9% of Hb F, and provides a sufficient Hb
F level to allow an accurate high-performance liquid chromatographic (HPLC) quantita-
tion of the three y chain isoforms, ¢y (136 Gly, 75 Ile), *¢' (136 Ala, 75 Ile) and " (136 Ala,
75 Thr). CM-Sephadex chromatography can be combined to attain a further enrichment.
Hb F isolated from adult blood was essentially identical with the protein from cord blood
in their physicochemical and physiological properties. Developmental changes in the y
isoform composition of Hb F were studied in 110 normal Japanese newborns, 297 infants
within one year after birth and 121 adults, first by the yCB-3 peptide procedure and then
by HPLC method. The average ratio of Sy, *y changed from 7,73 at birth.to 4,76 during
the postnatal 4- to 5-month period, and thereafter settled down gradually to 3,77 in the
adults. The most conspicuous finding was that the isoform composition and therefore the y
gene expression, which was kept within a strictly confined level in the neonatal period, was
rendered gradually to show a highly extensive variation during postnatal development. The
AyT gene frequencies in the newborns and the adults were estimated as 0.125 and 0.160,
respectively, and the values were consistent with those previously reported for Japanese
subjects, but quite different from those for Chinese and Afro-americans. The y isoform
compositions were also studied in multiple pregnancies. The results suggested the presence
of an “external” factor affecting the expression of the y globin genes and also the possi-
bility of using the y isoform compositions to determine the zygosity of twins, albeit under
limited conditions.
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Fig. 1. The vy isoform composition of Hb F isolated
from normal adult hemolysate by alkali

denaturation(20°C) for various duration of
time. Sample : 10gHb/dl-10ml.

Table 1. Percentages of the y-chain isoforms of Hb
F enriched by alkali denaturation-salting
out of normal adult hemolysate. Starting
volume of the hemolysate was varied

Sample 1 Sample 2
Vol.(mD) ¢y (%) *94'(%) Vol.(ml) 24™(%) ¢y(%) *4'(%)
50 52.5 47.5 50 20.4 17.3 62.3
10 51.9 48.2 10 20.8 -15.3 63.9
5 54.9 45.1 5 20.3 16.0 63.7
2 52.6 47.4 2 20.3 15.7 64.0
12 56.9 43.1 1 20.0 13.9 66.2

Average 53.8 46.3 Average 20.4 15.6 64.0

+SD 1.9 1.9 +SD 0.3 1.1 1.3
50-CMS® 51.9 48.2 50-CMS 20.6 17.6 61.8
a ; Sediment was washed with an appropriate amount of
50%-saturated (NH,),SO,. b Sediments were washed

with 1 ml of 50%-saturated (NH,),SO, per 1 ml of sample.
¢ ; Further enriched by CM-Sephadex chromatography.




(492) x B

OHLic. EELLBELMRI 5, RHBRECIVE
Rz, B4 1 ml Y RGN TES Z L2
Mot Ik, 7Taoh ) ER—ETEOK, &bk CM-
Sephadex 7 r= } 753 74 L X hER+D Hb FEE
 EFCh, BRI EBEN LT,

HEDER:D, EERAMFHEEFAETS Hb F
DEEZETHEE LT, 7AHr YV ER2)—HELE
FEREbDTERATH S Z LRI h 5.

2. B Al Hb F Dk

Rz, EROFERI ) RAM»GELR Hb FIE
FRIZDOWT, ZOHEMLHRE L. 9 TrissEDTA-
AU BRIEEW (pH 8.6) % X OFEEEW @H 1.9 X
BFVTV P AVEBSKEEE R A, PRSI T

KB X Y, Hb XL DR 7= = v + IKFZT 5.

1
B
ok
®
origin
®
Hb F Hb A

«origin.

a b

Fig. 2. Enrichment of Hb F in normal adult
hemolysate as shown by starch gel electro-
phoresis. Top : formate buffer system (pH
1.9), bottom : 0.04M Tris-EDTA-borate
buffer system(pH 8.6), Amido Black
10B stain. (a) cord hemolysate, (b) adult
hemolysate treated by alkali denaturation
-salting out-CM Sephadex chromatography,
(c) adult hemolysate treated by alkali
denaturation-salting out, () adult
hemolysate.
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Fig. 3. Enrichment of Hb F in normal adult

hemolysate as shown by ultraviolet
spectroscopy. 0.1 M potassium phosphate
buffer (pH 7.0). (2) : adult hemolysate, (b) :
Hb A, from adult hemolysate, (c) : Hb F iso-
lated from adult hemolysate by alkali
denaturation-salting out-CM Sephadex
chromatography.
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D7 I BEMEREYRT. yCB-3 724 F D7
7 BEFI,

Val—’lI‘ili—Gly(or Ala)—Val—Ala—Ser—Xl;—Leu—Ser—
Ser—Arg—’lI“;f;—His

THBME, UTFIHT 5 136 Gly 5 X 00136 Ala 2
PHRE, 73/ BAROEAEIITEE L EREERNT
I—HLTwa. BmETHIE yCB-37 24 FD4
BEIEEThD LFERTHI LN TE S,

Table 31, EHBRAMMO=21D% X OFER M=
10D Hb FE&E, BXO, ThAFfhrbHRE L= Hb
FoD yCB-3 <7241 Fieklt5 Gly, Alaf, IO
(Gly+Ala){E%—¥EER L. Schroeder bV X » T
LI hicX die, y@EIZGly BEN 1 Ey
136) & Ala ZRFE2 2 E(y 138, y 4OEEh 2 HEECT
Tebbly 88 &, Gly B 0 @ T Ala BE 2 3 E(y
136, ¥ 138, y 140 DHBE(FTlchbry D 2B 13h
5. Lich-T, (Gly+AlDEIRE K 3 7251337,
ZDZ Lk Table 3RLHERLDHEFETE 50T
7ebb, A Hb F T2 3.09+0.04, FAERTIX3.05+
0.05). YR &at’D, y136 Ala fEiL, & Ala (B2
b2 &E\NfHILT B, F, TOXSRRLTELRE
Gly, Ala fEIxzhZhCy 83 X Oy D FELRIRT
Zlicisb. Table 3 DfERMD, FRRMTE y/Ay 88
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50 5 100
(DPG) x10°M
Fig. 4. Oxygenation properties of Hb F isolated from
adult and newborn blood. (a) Bohr effects in
0.1 M potassium phosphate. Solid line repre-
sents the result for Hb A. (b) DPG effects in
0.05 M BisTris-0.1 M CI-(pH 7.3). O; HbF
from newborn blood, @ ; Hb F from adult
blood, [J; Hb A. [Hb] : 4.5X107°M, 20.0°C.
Py, - oxygen tension for half-oxygenation
(torr).
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Fig. 5. Separation of peptides from CNBr-treated globin F(60mg) on

Sephadex G-75 columns.

Two (2) or three (b) columns of 1X180cm

each in series were developed with 1 9% formic acid. yCB-3 peptide
comprises y 134Val-147His residues.

Table 2. Amino acid composition of y CB-3 peptide
isolated from Hb F in normal cord and
adult hemolysates

Amino acid (:irli) (:iullst) Anticipated
HIS 0.98+£0.02  0.98+0.03 1
ARG 0.94+0.07  0.94£0.04 1
THR* 1.00+0.05 0.98+0.02 1
SER* 3.17£0.10  3.03£0.06 3
GLY 0.72£0.05  0.32£0.18
ALA 2.331+0.05 2.76%0.19
VAL 1.94+0.12 2.02+0.08 2
LEU 1.01£0.02 1.0140.02 1
TYR 0.91+0.03 0.94+0.02 1

* , Corrected values from the 24h-hydrolysis results.
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Ak 14 E TOILNIR 269 4, BA 100 4 (16~55 B i
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Table 3. Numbers of glycyl and alanyl residues in y CB-3 peptides from Hb F in adult and newborn bood

Adult blood Newborn blood
Sample No. Hb F (%)® Gly Ala Gly+Ala Sample No. Hb F (%)? Gly Ala Gly+Ala

1 2.30 0.24 2.84 3.08 1 89.5 0.81 2.27 3.08
2 0.37 0.15 2.83 2.98 2 80.9 0.78 2.20 2.98
3 0.56 0.51 2.51 3.02 3 72.4 0.74 2.35 3.09
4 0.41 0.33 2.77 3.10 4 81.3 0.69 2.35 3.04
5 0.37 0.60 2.50 3.10 5 78.2 0.65 2.35 3.00
6 0.43 0.46 2.62 3.08 6 78.5 0.70 2.37 3.07
7 0.40 0.13 2.97 3.10 7 85.1 0.79 2.36 3.15
8 0.50 0.37 2.71 3.08 8 91.2 0.69 2.31 3.00
9 0.28 0.09 3.01 3.10 9 88.5 0.69 2.32 3.01
10 0.36 0.52 2.56 3.08 10 74.1 0.69 2.37 3.06
1 0.32 0.43 2.67 3.10 Mean  81.97 0.72 2.33 3.0
13 g-i; g-gg 2-82 2'22 +S.D. 6.1 0.05 0.05 0.05
14 '1’07 0.63 2'45 3.08 a ; by the method of Betke et al.*®
15 0:27 0:17 2:89 3:06 b ; by the method of Jonxis and Visser!?
16 0.34 0.12 2.98 3.10
17 0.22 0.11 2.97 3.08
18 0.22 0.10 3.00 3.10
19 0.12 0.20 2.91 3.11
20 0.13 0.17 2.98 3.15
21 0.13 0.10 2.95 3.05

Mean 0.45 0.27 2.82 3.09

+S. D. 0.46 0.18 0.19 0.04

i, B Hb 0380 & 5050, £thd y A% T
CEECED L, £oBIIR4 CRAMECE#E)0.5 %ic
3L —HCy %1%, FAERPCZNT0%TH BB,
Hb F %0 et 484 ~5 7 A CRABEET
LT 40 % & 7n b, A 1 TIIRIEZ ofEx R
5. XBbIEBENBDIZ, 3T yCB-3 it X 558
Td &tk 5w (Fig. 6, Table 3), £ o HEFRAIc>
Ty VRADETREICTRL, AHEENZETLL LK
E BT ETHBH(13.3~66.2%). 48 1ELIESLCy
VAR DE T IR 4 CET L, LIEWIZBAE 26 %1%
LTV BRABZ OV ThAE fEGENL bR
TRAE 5 %0 I 65 % 1dotc » TR E BREF 2R L.

Fhe, FAER ERA B 50y S5 % BB LT3 %
&, BB CITEHE 70 % 2R & < i TIiRIgE
HoMERToOrR L, BETIIEEE L T2 BT
SAREEMETT 5T, EROMBHLKRE I
Fh(eft-stewed) 7R L. Sy $80350 %% T %454l
X, BAERTIEEN 1.2 BIBE I, £E 1EDH
RT3 BIHEINL, BAEWTIEE DB (88
%) EEDBLES.

LA ED#ER, £% 0 Hb F HARR LSy MR REED

I PTB b cDT, £RizET5 Hb F -

% &y WU OB R R THic. £F, Hb F HAREI

DPIBEBIBE»D Ly AETOARCETHHEED
B % & 51 (Fig. 9-a), WHERICIEHEEERH -
72 (r=0.68, n=155). Xk, £#% 4 » A Hb F %2345 20
KT 1FEETcoMEEO VWTAS L, y=
0.16(n=133) & MEMIc Xz & A LB\ (Fig. 9-
b). U ko®ESEZ, 4% Hb F ARAE2ECH A L Hb A
CEBHRINLDE, 2y T X B0y HOEM L 12I3IER
RiclR sz &, ¥, yHHD DARBIRY ~VIth
BRFICE, vy 7 v € VIRIETF ORBUCEE I HIE o E
TWBA, yEERMETT % L &y, ol
BIWET B EBTRET 5.

RIEHANZ DT, FHiy & Cy $8% & DRIDBIRE & B
L, MEMCIESEROMEBER AL - =
0.01, n=100). T7cbb, A%, HbF 2 Hb A cE#
SRR T, Cy BB LT L OBIEIIELS kB T &
ioho .

&, FraRIME L ORAMCOWTELhIEREY
%7 =7 84 7HsG0}, &y BEFORIAY ¥ —HEE
RL7DD Table 4 TH 5. EEREILL - T, WHEK
BT 50y BETFORBIBLIHE L TAaB L, BELR
TIXRIEOH 4 EITEL T 5%, Ei, FAERMES X O
BAMIZ R 54y EAROBES T EHDB &, Sy HBIT
BILCARBRI-D L ARk, FERTISMMNT B
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Fig. 6. Postnatal changes in the percentages of Hb F and the number of glycine and
alanine residues of the y CB-3 peptide of Hb F from newborns(n=10), infants
(n=28) and adults(n=21). The number of the residues represents the ¢y and
Ay %, respectively. @ ; Normal individuals, O, [0, A, A ; Four cases of a
variant of Fanconi’ s anemia'®, B ; aplastic anemia.

HWECRB IR DN L, BARD > TRHERIE
HHIC b THML T, Eie, Ay EOBREBETFHRE
(gene frequency) 5t BT 5 &, FHEREBATERTE
£ 0.125, 0.160 & 7no7c. SEIGHTIEE U e R
B, BAEFERDBAID - TE, Thd F—Hk
DEREFCHRTEIOTH S EnbThiE, AF
W OMHEI—HT 53T TH 5.

ok, FERMOBE, S EL LB LO=2),
Huisman D\~ 5 low Sy FI'®03 & bhvic. MEEAI2, &
GCRCHER 7V — T BT 500, BB\ THEIE
o TRICAE T 5 EECT E R0 b3 L EL
TlewA, & 2Tk Huisman B¥IZFELS, —IG low ¢y

IN—7ELTEH L.

4. WERKERTS vy HERBEHBICOWTEFKAR
AVEL DERIE, W5 ETH L, KDL OREHE
HOIEAT I T, LichisT, £EEDORT v &
BIE A2 -1, ThFRD S OBEGEEBEORKILTH
BENWIZENTES., £IT, —IEE IO 4
RoBE, HEESTHT y ERBEFEHRICED X 57
FEERBRBADNB D, BRI DI Ehb, y HER
O, TEERICE S THAEROIIMREITTRE
PEIEBRE L Ch. BbhickR(Table D0 b, —
Bz —IE A R DB A, _7HETTFERY BiFix
—FH L BRI, Bz M10-10'D X 5 R Tk
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Fig. 7. Separation of the *y7, ¢y and *y' chains by reversed phase HPLC. Sample is Hb F isolated from the

cord hemolysate. See text for details.

Table 4. The y chain isoform composition and the
AyT gene frequency, f(*yT), in normal
Japanese newborns and adults

Table 5. Percentage of the three y-chain isoforms
and Hb F% in hemolysates of newborn
monozygotic and dizygotic twins

Newborn Blood

MONOZYGOTIC TWIN DIZYGOTIC TWIN

Phenotypes n Sy (%) AyT(%) A% YD
Ayl/Cy 75 67.7+2.9 0 32.1%+3.0
low Sy 2 40.340.7 0 59.740.7
Ayl/AyT/Sy 21 70.4%3.7 12.9%£2.2 16.7+5.0 0.125
AyT/Cy 2 73.1%£0.1 26.9+0.1 0
Total 100 67.8%5.1

Adult Blood
AylfSy 71 24.9+18.3 0 73.7+18.9
Ayl/AyT/Sy 26 27.0+14.9 24.0%8.5 48.6%13.6 0.160
AyT/Cy 3 32.6% 3.7 67.4%3.7 0
Total 100 25.7+17.2

REDZLIBEELH BT Edbhote. ML
BieH-TiE, D1-1,D5-5"DX 5 ~_7HTHA
nEEXRTOIODHB—F, D 8-8’, DU4-14DHED
I, OB ECELRRIFIL—HERTH DA
bhte. Ledio T, e L3BREATE D1-1'D
X 5 CHEMCH O RREGEHROEL D DHE, D
BWED 5-5"D & 5 ILWERICER L LIcERNZED A
LIBBERRGE, v ERIESIET 0 LIk 0¥
ERITH LR EN DB X S Bbhs. KN

Hh F(%) *9"(%) Sy (%) (%) Hb OB 49" (%) v (%) */' (%)

M1l 8.1 26.9 731 — DI 82.4 — 67.4 32.6
79 268 73.2 — 1 84.3 12.5 70.8 16.7
M3 8.3 10.0 68.7 21.3 D8 85.9 13.3 T71.1 15.6
M3 81.3 14.1 68.2 17.7 8 8.7 13.2 72.5 14.3
M6 8.4 — 66.3 33.7 D5 79.2 — 70.4 29.6
6 83.0 — 66.8 33.2 5 8.4 — 80.3 19.7
M10 90.8 — 66.6 33.4 M4 87.3 — 70.5 29.5
10 89.8 — 69.8 30.2 14 8.8 — 69.5 30.3

BEREELIDICE, SHILEAREYERL T, HEt
RS EN25 2 EAURETHS. InkSE, —Ii-=
Pt DHITE T, FEROERIERHRLE B, Mk oTEER
ek, MR ERORKESE CESWfibh. Z0%
&, R, BErhHBCELLAOb-7cl &
LI L CRaRIE b, —IE, —IRMERE T,
Hb F %13~7HMTX % &% LB %R L7 (Table 5).

% =

R, BERECH CRIZTFRBICELOET D
bonSL Zbhs, BF—RRE—RARTEMIZA D
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Fig. 8. Postnatal changes in the percentages of Hb F and ¢y chain of Hb F from
normal newborns(n=100), infants (n=269) within one year after birth and
adults (n=100). Individual points for normal infants and adults are means
and standard deviations at intervals of 30 days and 20 years, respectively. x ;
P<0.01, * ; P<0.001 vs. newborns.

NB—BOED I E1%, £DOHE e—FITHB. 2D
X 5 e RBEERAELEL, B switching D4 FHkHE I
DWTIE, WEREARNERICIE SRCBRE S 5.
L AT, BRI 5 switching e\, 4283 5 AR
Bkrh > Hb 12 ¥ switching 23T, IEX, BF Hb(&e,
@85, Gye)-RRVE Hb(anye) - Hb(@fs, @:d,) DAERK
N2, Lids T, Hbswitching D#FZRI1E, 5L
LR BT B FE R R T RBERE O @I E o
ETNVERETHEDE 25, .

Hb switching o, IBF Hb 12893 % b 0 3B AF
CERDY, FERDPLIFEBHORR Lo T
W BRI R SR AR 3T, BBE Hb
Cary) BN Hb(@,8,) ~D switching 3% & h, 3kt
DAFLEE S Do TRERLLHFEHRE DL « B 5.

Lz ATIOHE, Hb FIBAMEI T ELEH
KT BbFTIREL, AERChI) S EERALAER
Lkt o s, o, Schroeder 5V, Ricco B2z &
Dy L 3BORMEDO BB LHARMIh, IbiT
FRIEORBUCHRBREMEDO DD Z LA LT
TR, LhlZ Zie—onRE, RAMF Hb
F B\ E LEERTS, Z D7 switching DEER 7z
BEBRBSH TRV ETHDH. TOKR, EEBRAE
L CRRERTA5 707 — 2 DBERE L g,

4S[E, RAMFOME Hb F 2B, BET 5%,
BRRFELRZRFEL, hiBwC ERoMECHR %
Iz, REROMRACE LIEHFMAEMLZSZ ENTE

1. BAIMm#E Hb F OB, EiERcoWT

BAMFOMEHy FREEET3HELL T,
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Fig. 9. Relationship between the percentages of ¢y
chain and Hb F in infant blood. Infants from
postnatal one day to four months (2), and
from postnatal four months to one year (b).

Abraham DA * VAT#a 7 v = 2, Tsuchiya b D
7% ) EEHEERD, Manca b 0% E A ESKE (EF) LY
RERBEIR TS, Lirliadib, ZhbizvTh
b IMKRE, FTER, SRERhE, HERME, BFERED
M CRIED S 5. Bakioglu B3, Abraham H oD
J78:% & Tsuchiya b D FFE % B L T, Wk & dRIC
NELrDFEODHDZ EEWEL T4, EEDLD
MEERBCAWT IO LXHER L. SEIOFEE,
Tsuchiya HDFENELFME, HbFE Hb A7 %Y
EHMEECKRILL, YHECUM»DER, ok
DWW TIRBEIC B R DT TH 524, SH, 7L h
VEWDKZI DT, T, PRERESIRL T, I,
FeEMBEL X bie—BodERR Sl (Table 1,
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Figs. 1&2). Bzl A Hb ¥ 1 ml ie2oWTdh, EIC
RP-HPLC¥IZ X 4 Hic+4 7 Hb FaB5Z &
T&7(Table 1.

2. BAIMX b BEEL 7= Hb F OFERE

Fv 7y« ¥ LVESKE(Fig. 2)8 X O8I ERIN 2
<7 b v (Fig. DOERNBHRT, TAh )V ERE—FRE
el —CM-Sephadex 7 » = FEEIC X b, BRAIMAIHK
BT Hb F 23, +o B, BIhTwaz
Hodn s, O FEiE o\ T a B &, FERMmERA
& TiEzDoHb Fo y SRR LB L END
B b3 (Figs. 6&8), MM T Bohr #E %k X
U'DPG %h R (Figs. 4-a&b)ICZE XA bR ot &
DT, SEHENEE Lic y136 fLicdsid b Gly-
Ala B#, y 75 fic 317 % lle-Thr #2235, WFhd Hb
OHEREIBIL TR TH B E X R L T 5.
3. y RIS IREC DO WT

WEHW: yCB-3 R7 & A V&L, SEOMKHER
LERMEYETS 5 %, ¢y, Ay MBEOSHLrTE I
V. 0 RP-HPLCEDEAK L b, Thboimik
L£THR &R, ZABEOmMEHR o BRI CHlE
THZENTREE oo tetcdd, &4E, SEFICOWTH
Wiaz encEi.

4. Hb F 8 X O y SHERA K D B A1

nérizoh vy 88(Hb D) OERNBRAL L, S #EOER
DEEINT B OEREL T, CSy/Ay T /323 3/ 7T~
L& MEs3 % (Figs. 6&8, Tables 3&4). “h b Dk
B3, BHRoWThi DB TORERER L,
KT WT—8K L. XL, B 1IEHDAT, B
B COHBEER LD, FEOMBEY Zhh
RUDBETH S, Ti, THhETHL LRI A
ELT, ISR, y SEER (y-BIZTFHED 0%
BENE LB L AKEL b HEELFigs. 6&DMER &
h5. ZOBRBIRLEERZECTREE, RATIHER
DHy 4 5 & 7x B (Figs. 6&8, Tables3&4). »o% i,
WA B G5 v BRI DS AR, ERSMHLO
KERAVERL. 20X 5 RERE, EROLEHS
DERTILLBHEIN B Z L7, Schroeder H¥D
BiCy/Ay 2 /3 BOA BEOEBL LFIASA
Tk, :
SEOEMT BT YW EBETHE R HER
0.125, FLA0.160 T, HA.2201 b LB b asinf& <,
REA0.079), BAD.099) X b X8 b HCEWERR
L723®, BRATAERC O WTHERRE IR T 5B
(0.128~0.190)™29 1 13 X { —FH Lz, 7nds, SEIPIER
KELLFER, BAR &dc—tRoR—&E~
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BT aEETHD. LicddioT, A% WEMCEETF
BEOZEXIIZT T, BERRLALIA0.125
0.160 &\ 5 {HIL, EBAY V7YV IDRIKIBZED
LBbh, BREEZILIET LRI VBHTE 5,
tEZbRB.

y SRR TRBEIC A 5 BB o KA, BRE Tk
RAL VOB 20\ (F, g 7/rEV-BEF7 7
AZ—(e~Sy~2y~yYf~~B) B X VOEDRLDEE
FHEE vy BRETREALOB#EI ST, BE MR
DHELDH B 520272829 o L 213, BEEERE Hb
EHPFH)I BT, BETARERALCOEEE
B, E2E Sy BEFO5A202bp f2THOC—GE
B30, Ay BIETF D 51 117bp A2 TD G — A BHEV &
NABNB T b, COBEBEHRLE v BETHRE LD
BIEARE I hB. ¥, FAERCOWTOEET <Y
Y IRERND, BEFHOZER A1 7Y v PRI
X ) BETFEEOEIIZE(IFRE b, Cy/ry iz b2k
DET BAREMESLRE TV 529, L Lih b, EH
e F OREBRMET, 7 e EVvRETOBECELIE
FB LD L 732, E 7z, Economou B3, IEH
BAR X OGRRRIMERER A C IS\ T, Hb FEAL ¢
7w E - ZFEIRTOEEER L ORBEE X LY
MELTWS, WTFhice X, ThETrBbhTnd
BRI, TRE—EEFEEIRELXTRTIOTED-T
L, MOBERLH, Thbb [MERBOHHRET,
BRI T D switch-off & il EEF D switch-on 23
B BHDH] T2V TIL, ILRES &AM EHE
Trk i, —HEl, REREED v BIZFRBZE
oRR%, BEFEELO O TERL, LIS
H"EERFICRD L5 ETBHE 2T H B2,
Ko LRFAI—2E LTHLMIEIR TRV, 20
X 5 IRULTF, [y BIBFORBUR TR, Sy/ry BIZTF
RBIA & RBHERBE O ETARBCES 51 &\
5 SEIOFERE, MEMRCETTO—2DFRND &
L5 25HETHHEV25.

4. BUERE BT S v SRR ER,

S8, BEEHNCEM 7RI T O—IMETER I BT,
y SRR (y RRAGCRETFRID I OBE
LABERBENZEZDZDLDIBHAODL T LERLE
(Table 5). Zoz ki, BEFOBEZOD DL T
b, FORBK LEPETLNR OFFET MY
RTHDEVZS. FE, Young B3N, —IIRAER
ZH\WT, G syndrome DIERFEHBEE L, XT7HTE
DBHHEAERE L, REBBCETHREEROEE
FRECHTHHELIEHL V5B, Sheidde, =

"%

DRMESUEIRCH D ek b, —IIEOBHE L RRICRF
EREEROBEL 7R TH S Hbhtc(Table 5. &
b &, TR D > T, y SHRIVEE R OB G EEE) 2
EhHTMEWE & (Figs. 6&8), B X OWHEOERET
BEARCELTAHIThoe &, SrIBEEbh
5. Lol, PEROERFWHIEC L BRY, TMEDH
BICRIEMARELCL CHRRERBEOH D &2
L% 2C, 4%, X b“definitive” e ¥ EHEG & 213
DNA 7 4 v#—7 ) v b D)2, BRE 2 EHE
FThB, LELERS, 74 v HF—7I) VI ERI S
Tk LTh, RELETEmBANBAUCEETFEED y —
AT, FHICHEREE IO B B3N b LT, SED
TED, BECL > TR ERLMBHEFRERD 55
ThHAHS.

& B

EEBRAMFO#ME Hb F 5 BEE A HILL, BAAR
AR, ALR R X OB AmF Hb F o o SERAAEE R D
BT I DTS L e,

1. 7% VEWC2 )R RENRc L b, &
A 1 ml OB I (10 g/dl Hb) 235, ¥# HPLC 1tk %
y BIRAGSICNE R Hb F 25852 L8t

2. FAIHHE Hb F © 7 VESHKEEY, 8H0%
IRA 27 b ks X OO, P54 (Bohr 255 % X 08 DPG
FHEIE, FrARMmF Hb F & 2£E28370h - .

3. yCB-3 =7 & 4 Fik & HPLCH I X % y 88
BERGEBOTRERITL S —B L. EBROFBF I,
y 84(Hb F)2:H g 84(Hb A)~D switching D &7 b
T, Sy g BAy g8~ switching b, £ 4
~5 7 AHUBECETE, FERPO 4EERSXE R
y BRI GEAREB A b ThbDERL Y, BB
TRt Ty BETFRIEET & &b, BEETREBIEE
BCEToRZ 5 LEBHEEShS, MYy EBETFHED
1%, IBACDNTOIERIE & —FK L.

4. FAERCRG I E v ERIEHEIC W TR
AL, vy BEFRECST SN ERBESOTRER %
AR L. ¥, RESHIBEOWTIL, v R
SRBFAEROINEHECEHTH S L &R L.

T 25T hich e, HEM & E Ll
BEIBPCFROBEYERELET L LD, KA, HE
BT il & & LABEBRMCR# . LET. E7,
IR D AT 1B LB JI\ e 12 e R RB AR A
BEFE EEE, ERANEEEBKTEEERBID
BAAFAFEERRREL, ERERTFME LY Z
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