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A Case Report of a Patient with Hb Peterborough [B111 (G13) Val —
Phe] Causing a Mild Hemolytic Anemia

Yoshimasa SUETSUGU

Isoelectric focusing of the hemolysate from a 52-year-old female with a mild hemolytic
anemia living in Okayama prefecture, showed an abnormal Hb band around the zone of Hb F,
although a DEAE-HPLC of it did not reveal any abnormal Hb peaks. An isopropanol precipitation
test of the hemolysate was positive, showing the presence of an unstable Hb. Amino acid analysis
of the peptides from the isolated abnormal Hb using of a reversed phase HPLC sugested that there
was an amino acid substitution in the S Tp-12a peptide( 8 105-112 : Leu-Leu-Gly-Asn-Val-
Leu-Val-Cys) . However, amino acid substitution was not detected by amino acid composition
analysis. Direct sequencing of the PCR product showed that the first nucleotide of the triplet codon
(GTC) at the 111th position of the b-globin gene had changed from G to T, suggesting an amino
acid substitution of Val to Phe, which led us to identify the abnormal Hb as Hb Peterborough [ 8
111 (G13) Val —Phe].

Hb Peterborough has been reported as an unstable abnormal Hb with a low oxygen affinity, and
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it is considered to cause a mild hemolytic anemia. In addition, Hb biosynthesis disclosed slightly

lower values of f/a =0.72-0.79, which were considered to be due to the instability of an

abnormal Hb with a f - globin chain variant. The patient’s younger brother was a carrier of the

same Hb, and showed compensated hemolysis and a slightly lower f/a value.

An discovery of this Hb in Japanese is the second instance of its detection following a case in

Osaka prefecture. The lineage relationship between these cases has not been determined. (Accepted
onJune 15, 2004) Kawasaki Igakkaishi 30(1) = 21—30, 2004
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3) CMC-45A27Uu<x b rS74 =12k 5
FuV  yolE: Fyuv vy CM-tiba— X
(CM-52, Whatman Paper Co., Kent, UK) %
2 (1x20cm) (ZEBE L, 8mol/L R FE-50
mmol/L A NVHF by I — -1 VEEF )
TANy T r—, UVEBEFI)TLEETS
mmol/L 75 32. 5 mmol/L TER ) =7 — 475
VI v b (pH6.85, £ 150 mL i fH, ¥ %
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ruvriafirul VEGEED, BUETE
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40 pug/mL & LTRD 7229,

2) Polymerase Chain Reaction (PCR) : g 7
U VBILUBIr 0 VEEFOLHEEE S
NW—FTDEIHELTSA~—2HHALT
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Table 1. Hematological findings

Case 1 Case 2
RBC (x104/ul 339 425
Hb ( g/dl) 10.3 13.6
Ht (%) 320 394
retic (%) 4.7 42
WBC (/ D 4500 4400
plt (X 104/ u1) 245 20.3
T—bil (mg/dI) 1.3 1.4
LDH u./1) 455 418
Haptoglobin (mg/dl) <5 <5
Coomb’s test negative negative
Ham test negative negative
Sugar Water test negative negative
HbA2 (%) 2.14 2.34
HoF (%) 095 1.16
Abn Hb (%) positive positive
Instability test positive positive
B/a 0.79 0.72

Haptoglobin D EAE A & B OB MM E 1 & &

[y (A

S D (Table 1, case?2), 485%, KK

1i4E, 13 RBC #, HbREIZIEF#HEMNTD o
7278, HERAR M ERE o> HE i & Haptoglobin & i
PO REBICEMEED E S E iz, MEDOHE
MO JERFEH D72 Hb OFETE & 72 o 7z,

Hb O 4
IEF 312 X A Mo Hb 447 i, R
OHbA, LEEHEEOHOA N Y KO O Hb

HoF

HbA:2

0D415
i
i e
o &
e S
Patient(Case 2)
@
-
(=) (+) 0 5 10(min)
Fig. 1. Isoelectric focusing (pH range ; 6~9) of the Fig. 2. DEAE-HPLC analysisi of the hemolysate from
hemolysate from case 2 case 1
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FoN Y F OB D b3 512 B sl 12 B % Hb
NV RSN/, (Fig. 1, Hb X ; case 2).
Case 1 T MO R TH > 72. DEAE-HPLC
(Fig. 2) TiZ, Hb A, ® Hb F &&iTWvTh
bIEFHHN T, [EFETHEZ S22 Hb
BRETET, EFHEROREBIIITZ &
Noiz.

B DA VT asx ) — ikl cid b s
T b= L THL MR B % 4
B L, AREMD RS Hb OFEESRBE 7
(Fig. 3).
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Fig. 3. Isopropanol precipitation of the hemolysate
C : control, 1 : case 1, 2 : case 2

Codon 108 109 110
Asn Val Leu
— — —
AAC GTG CTG
AAC GTG CTG

Phe/ Val ﬂ

Hb SR

EEMBE»SRB L2728 >0 CM-k L
U—AAFAL2U0XMS574— (CMC) T
O, BERICILIEE I OE VIR EET
Hoi: (Fig. 6 BM) OT, IEF FTHESh
LZEEHb B NALHREL7-7 2 o CMC
NH B Y BE ey Yl SR F
nENEL, DM E4To7. AE-B8H7uY
> @ Tp {H L% @ ¥4 HPLC 7347 2> & 13 B B
HRESRTFFE—2 (pTp) OBMIZTE
Tholz. B Tp27F FORNIIHN A /NS

4

0oD214

5.9,abn 12a

normal 12a

0 10 20 30 40 50 60

0 (min)

Fig. 4. Separation of the tryptic peptides of AE- f
Peterborough globin by reversed phase HPLC

111 112 113

Val Cys Val
—~ —~  —
GTC TGT GTG normal
T
/G TC TGT GTG found
——

Fig. 5. DNA sequence of the region of £ codon 108-113 of the amplified £ globin gene
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Table 2. Amino acid analysis of abnormal peptide mix collected by reversed phase-HPLC, and the theoretical values ;Tp-5,

sTp-9, and ;Tp-12a peptide

Found Theoretical values
(mol/mol) Total Tp— 5 Tp—g Tp— 12a

Asp 7.03 7 3 3 1

Thr 1.18 1 1

Ser 298 3 2 1

Gul 1.23 1 1

Gly 496 5 2 2 1

Ala 295 3 1 2

Val 253 4 1 1 2

Met 1.09 1 1

Leu 7.14 8 1 4 3

Phe 488 4 3 1
Lys/AE-Cys 296 3 1 1 1

His 0.91 1 1

Pro 2.40 2 2

B Tp-12a¥—2 [a ¥ (CD) 105-112
: Leu-Leu-Gly-Asn-Val-Leu-Val-Cys] 7% #] %%
BT, 7IBERICL ) BEHREROE(LE
LT p Tp-12a ¥ — 7%, HOXRTF FIZ
—HLCHEH LN SN, 22T, £&T
DRFF K= 2EIRL, ThEho7 I/
WL & 4T L7 (Fig. 4). 7 3/ Bk
M k& B 1% Table 2 3 X UF Figure 4 [Z/R83 &
312, FREFNROY—27 ORENSNIZA, &
FHNB Tp-5% Tp-9X7F FIZ7 3/ BRER
PRESTZRE Tp12a RTF FBREENTED,
e L O TTp-12alk Val D &4 &
Phe DM, $7%bH Val ->Phe DT I J BEE
WERILTWD LN SIN. aiymE Y
ML O WA HPLC /8y — R RS F F
DT IO HIRELEFEIRD LR
oz,

DNA f&#h

BEirurrBrUai (a2B8XPal)
rFuv yBEZEFIIonT s a Y YREHEE (=
Fv ) KEHLCEEBE TN ZIT-72. £ 7,
BYBIETF RIS L7z > TPCR /I 4
< —%&EL, #3kb D PCREIEZEITo 7.
B Tp-12a X7 F FOHERIZT =¥V ¥ - 3 HIH
WZHBH, =¥V -3 (CD105-146=C
Kig) O CD1OIEFZ M) F Ly baky
IFGTC(Val) THh A5, Zna Ko 13EE

RG/To~FOfkeE LTHhRESh (Fig 5),
Z M GTC —»TTC @ 25 T Val »Phe ® 7 3
JBEBICHN T A LD THolz. ZDT I/
W18 #2139 T2 D H 5 Hb Peterborough[
111 (G13) Val—Phe] &[E S N7z, [3Hi#
FEFIFy v-1%-2 HBRIIOWTH ERERE
FLA % 7245, FRICREIREE IR S
ol T, a2 a l 7UEVEETD
EREFNCDH BFEIEDLNT, 5'-a 2 —a
1-3" OBIEFEH S IEE TH -7z,

¥/, POV VEETOTIV—LT =7
(5 ) % PCR/EHE Y — 7 v ¥ v 7k -
TKH7z (Table 3). ZhENCD B 2, f
IVSII-16, B IVSII-74, 8 IVSII-81, f IVSII-666
»Jg<, T/C, G/C, T/T, C/C, C/TTHY,
case 1, 2L b LR TH o 7.

Hb &R Bk

EWIME TEREIN-Z7 a8 O CMC i,
EEMBICERINS 70 Y BITa i
O P RE IO VYT A -
BHEHbLNT, PE-hET I BER (Va—
Phe) % ¥ f Peterborough $HIXTE® 87 1
vy epEEnTR—OEY—27 L LTHEMHIL
Twiz., BSIZ7 U VEigBLYairuE sy
B4~ H-Leu DY AAmI (B/a) &
0.79 (case1) %0.72 (case2) LBWE®D fEHT
oV AR EEIER AR L7 (QEEH B/ o



KK

I BEOBEIMEEIN % /R L7 Hb Peterborough O ¥%E ] 27

Table 3. Framework of the £ globin gene

Sites CDB2(Hgi A BIVS II-16(Ava II) B IVS II-74 BIVS 1I-81 BIVS 1I-666
Case T/C G/C /T C/C c/T
Case2 T/C G/C T/T C/C C/T
1.00 P
(OD)

B globin
a globin
10000 P
(DPM) 1
".
! \
]
f! :
. l * \
[ ) * | ° *
o “.”."""moo .° ....’.'oo; " %000 00 g00° %00 P 00ge00®
®
! \
& - Mﬂé Soeas
10 20 30 50 60 70 fraction No.

Fig. 6. Separation of the AE f globin on a CMC column chromatography, and the radioacivities (dpm) incoporated into

the f and q globin.
The solid line means OD, and the broken line means dpm.

=0.9~1.2) (Fig. 6).
% =

HbAZME T 5 aBHB LI pH IO »
D, T EREFNERE - FEA - RE2HES &
I GEFHbIZB L F600H 2B 2, FAET
DISOMELL L s Twd, o BE
Hb 5 5, WILHEIMO KN L % % Hb 51
DAREEWR, ZMERLTFT T/ —EOERE %
LIREREZHIBFEH NI FTD1TH
5.

MEBMERT EALE.E D DH % Hb
Peterborough [ f 111 (G13) Val — Phe] & %)
Bk, 19724F, 3 [E Peterborough (2 {3:¢r £ 4

V) 7 H & @ Hb Peterborough o 1 K & @ ¢ #
&, Hb Lepore DIRAE ORI % M FHFOE
BLRBMOVEORR PO S Nz, DER
5 OEIME D BRIKENEIC & ) Bl S -8
savro, TpiEitMo 74 v H—71) v b
B & o THREMRT O T bz, DEILHEY
5 Hb Peterborough 2, ¥ 72 £ # » 5 Hb
Lepore & & IJ # \» 72, Hb Peterborough/Hb
Lepore O 2 AT UM TH - 722, 20, H
AANZMEDPS S (19984F) T @ FH Hb A9
&1, Mass Spectrometry (MS) =12 & - TF D
RxEd e SN2, F 72, MBI OEER ED RN
TA &) THAED 2 FARPHBE N7z (2000
)W IH Hb IE, MS BRI X B E O,

Mutation ~ System

Amplification ~ Refractory
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(ARMS) % 5@ L7 DNA @I 2 & o CTHEXE
B S E N, SRloMEE, K26 H
{224 7= % Hb Peterborough T, [ 1L I& H & & 12
RRENLHOTHLH., AFTOHE1HIE (K
B) DREBI & S E OAER] & DR FEBFRIEHIIC
TLIELITE R,z

Z OFEH Hb Peterborough | DEAE-HPLC T
BERESHERHBT S LN TET,IEFET
DHBFEHb NV FOBBENRETHo 72, S
LIZCMCTORFEZ7OE VD ATHRT
Holl2®, [EFEICL > Tl TcE-RE
Hb W% % v T CMC 4T\, BEr/ovE
R 73 BRI o7, 20X
WCEE XD BEMARFETT I B S T
To72%%, 7OV v OREERNTH» 5 1 IHMERZE
BAMETHI LI TERD 7. BRERBED
METIRETFWHBATICEIY 2 Eh, DNAD
PCR MBS OEHEY — 7 v ¥ vV T EETo 72
B B3 F 111 GTC/TTC (Val/Phe) dD
7 u kT, H3¥# 1% Hb Peterborough [ 111 (G
13) Val = Phe] OATFERHEZETH S Z & D
BESNTz, a7 U Y Y OBIETRITTIXE
FidmE I h b o7,

— I, SOX)HHPET I BALHNET
I BB ER LR H T, 058
LIEM R ERNEIHETH L b, BIERTD
H#ecdhb., L L, IEFEE, 574E07 3
JEBALHREIND Hb 4T (B8 14618,
a i 4UE) ofT, IOy OM»,1
o7 I BAPFEBERTLIZLICELZEENDE
AT AICIIAENEHETH L. FHO Hd
Peterborough (3 IEF ¥ T @ & % % Hb © 4 B
WU RETH o7z, BA 4+ 2§ HPLC R
DEAE-Sephadex 7 U~ b7 57 4 —IZ X B 5
% Hb W3O 558 - AL RO L) TH S
A2, AENE IR ST X B0 TIERE Hb
SO EEIREETH - 72,

f111VallZ7 I/ BRE#HR =R >R ¥E Hb id
Val DA V7LD P EHLAHET =
= — V3| &3 L 7= Hb Peterborough (— Phe) &
P ED/NE WX FIVFEITERR L 7 Hb Stanmore

(#30% #$£1%5 2004)

(mAl)WERDHY, Wb RPE-HHET I
JBEOBHETHL. WTFRLARER L HBHR
BAMET 2 RTEFEDDERESIRLTS. B
111627 3 /7 BiX Hb 55 4 EER D5 FWEIC
MEL, efiyuer¥ 7=y b0
Yo7z y hoBfdEs (a 1 8 1 interface)
WZAZE L Hb T o IicEE 2% H 2o
TWh., COHEBOT I/ BOBERIZE - TH
N OEMIZTIAEL, ey 3k
TRETER Hb 0 T O HEE L 22 0, BBk
W (BEBRNERY) CAREREZEZL, a
WHHVE U VDRI =T < —
AR T AL B EZLNLY. B111
M7 I BRICEET S L121H) DT I /B
75 B 4K 121 Hb Brest ( # 127 Gln —Lys) '9 %> Hb
Dieppe ( f 127 Gln —Arg) V4% 1), ThHHAR
REMICE Z2EMOFRE 25585 Hb TH 5.
F 72, a 103D ZEFE/R Hb Contaldo [ a 103 (G
10) His —Arg] W II R REM % 23 % £ Hb
Thbh.

DNA Offfi o, BMEMLRFHONT TS
A TORELZ RS, THRREREICIZEDS
Lol ds, WpfTconTe sy L Fid—%L
TBY, FHBETOTL—27—71% Type
-2 (CCTCT) & Type-3A (TGTCC) DA
FUMTHsLIENPLNPE L7219,

£ I8l O HE B 122 W T D Hb A KRB O
i, wInd f/atki30.79 GEFI1),0.72GE
Bl 2) LTEFHME (0.9-1.2) LDRRETLT
BY, IOV OEKNHERETHET
Holz. SHEOBFITITEF Hb OF &% IEHEIC
WET & o725, HEOFFITIXIS. 4%,
4 %) 7 OBITIE29.8-30.2% L HE SN T
W5, WEORHI/ O YEE Hb T, B
Hb & BB L Z45-50%% 5056 L EZO6N5
DK LTRREMERLTBY, A%LEHD
DL % Hb SRR EIC L 2 LB LHEW S
niz.
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T AT RS IR M B 2R
Y 5 <L E T
AR MR AR RMB 2 (12672250
KRRERITT 20 b), RETHENR72xg  BIUNIBERKETT Y 27 MIRR (12-105,
L2 NS ER RS LS BB B s, IS 5% 13-104) THF o7z, 72, AOIZIE, 5430 H AR
WAL AR MR AR R Ty IEFESRR M) TRELL.
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