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au¥u anion exchanger falwi uaz Diethylaminoethyl (DEAE) Sephadex %;ﬂ'[‘&'aq‘luﬂ%qﬁu AU
high performance liquid chromatography (HPLC) 35338 sausauiethadeniioldlunisan
Wadu 350 570 Tushuanil 50 'iw'lﬁ%’un'tﬁﬁnﬁawwsmﬁqmé’a&ﬁa‘lmaﬁué’uﬁaamsms’mmaamﬁ
F7nen thdeg1ava 350 1emaTIviadndiuuas Hb A2 Tagld microcolumn chromatography
VaetosTs uay HPLC wams3de Anfodaideniiil abnormal Hb 3 518 2ONAINNISANY ALl
dneduves Hb A2 Tudhodradenuni uagrmsiudmdadidioilaanmsasiatalngld
microcolumn chromatography ﬁgﬂaaﬁ‘ﬁ’ wae HPLC lﬁmaﬁ'\ﬂi’ Q Sepharose microcolumn
chromatography: ez 2.70+0.40 (Auads+SD) was 6.16+1.21 nug1sy DEAE Sephadex
microcolumn chromatography: Sasag 2.77+0.38 uay 5.55+1.12 @ud19u uag HPLC: Yauay
2.6540.31% Waz 5.40+0.92% nua1wiu M sensitivity A1 specificity /i positive Uag necative
predictive value lun133tiadenmziuisidaddisanmsnsinindndiuues Hb A2 dae Q
Sepharose wag DEAE Sephadex microcolumn chromatography lagld HPLC 1lunsitiade
wAsgy winiu¥esas 100 AduszAvsandinius () semine Q Sepharose microcolumn
chromatography wag HPLC i1nu 0.986 (p<0.001) waz3swina DEAE Sephadex microcolumn
chromatography waz HPLC 1irifu 0.988 (p<0.001) si5u doyadadouvas Hb A2 filsannis
ngI9¥AdME microcolumn chromatography MdasIaiinuingetio annsayheld wansiums
Iduluvszyns Q Sepharose microcolumn chromatography [Wuisnsniaindnainues Hb A2
fidunadeniia vndrilfsmmannsolunsi column ldlmilditornusevie wasammn

avMINYBIINTIVIA

Abstract

Objectives: Quantitation of hemoglobin (Hb) A2 with microcolumn chromatography
on a new anion exchanger, Q Sepharose, and a currently in use, Diethylaminoethyl (DEAE)
Sephadex were compared with high performance liquid chromatography (HPLC) to ascertain
their relative accuracy, precision and reproducibility. Methods: Three hundred and fifty
blood specimens, including 50 samples with genetically proven beta-thalassemia
heterozygote were examined with two microcolumn chromatography methods and HPCL.
Results: Three blood samples with abnormal Hb were excluded from the study. The mean

(+ SD) Hb A2 proportion in normal and beta-thalasseria heterozygotes were: 2.70+0.40%



and 6.16+1.21%, respectively, determined by Q Sepharose microcolumn chromatography;
2.77+0.38% and 555+1.12%, respectively, determined by DEAE Sephadex microcolumn
chromatography; and 2.65+0.31% and 5.40+0.92%, respectively, determined by HPLC. The
diagnostic accuracy of Q Sepharose and DEAE Sephadex microcolumn chromatography were
100% for sensitivity, specificity, positive and negative predictive values. Correlation coefficient
value () of Q Sepharose microcolumn chromatography and HPLC was 0.986 (p<0.001), DEAE
Sephadex microcolumn chromatography and HPLC was 0.988 (p<0.001). Conclusions: Both
microcolumn chromatography methods were found to be reliable, reproducible and well
suited for large scale surveys. Nevertheless, with reusable property and convenience, Q
Sepharose microcolumn chromatography may be an alternative mean for Hb A2

determination in the population.
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® 758U hemolysate Ingldidan 40 ul lalu working buffer (0.05 M Tris-HCI-KCN pH 8.5)
2 ml
® 14 hemolysate 3ol 1 ml s microcolumn sk udald working buffer 8n 6 ml
SOIUNMALUAY
e 1d eluting buffer (0.05 M Tris-HC-KCN pH 8.2) 20 ml v eluate ﬁ%mm‘lﬂi’mﬁﬂms

AANAUWENNANEIAGY 415 nm 1T OD1

® 11 hemolysate fndodn 100 ul 57wy working buffer 4,900 pl (U33183393 5,000 pl)

WinaAnsgandunaaiiudideds op2

® AUSINUYEY Hb A2 MGNT
Percent Hb A2 = OD1x40/0D2

N151539 Q sepharose microcolumn chromatography

® @381 hemolysate Inaldidan 20 pl Tdly working buffer (0.05 M Tris-HCI-KCN pH8.5)
2 ml

® ld hemolysate 7it3uuly 1 ml Hu microcolumn auusis uéald working buffer 8n 2 ml
TRUUMGUAY

® 14 eluting buffer (0.05 M Tris-HCL-KCN-12 mM NaCl pH8.5) 4 ml 1fiu eluate mgwm‘lﬂ

LY = =
'mmmﬁgﬂna“uua\mmmmaﬂau 415 nm L'TJ‘U 0D1

® 1}1 hemolysate 7iwdedn 1 ml 52y working buffer 3 ml (USinassau 4 ml) luiaen

nsganauuauuAg1eda on2



® Amnlinmues Hb A2 augas
Percent Hb A2 = OD1x100/0D2
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715197 1 Ar¥esazues Hb A2 / Hb £ lauAs DEAE sephadex microcolumn chromatography

1n8Y11N157529 3 AS9 14 microcolumn Tuivia 3 Asq

#9814 A 1 (%) AsIn 2 (9%) %4l 3 (%)
Normal K, Pl 3.4 25
Heterozygous beta 4.3 50 4.0

thalassemia

Heterozygous Hb E 22.9 23.4 22.4
Homozygous Hb E 62.3 69.2 84.8
Beta thalassemia / Hb E 49.0 44.3 41.4

M357 2 Ar¥euavaas Hb A2 / Hb E a3 Q sepharose microcolumn chromatography lagvi

39529 3 A9 19 microcolumn 91 3 AS3

f78879 asll 1 (%) AT 2 (%) AT 3 (%)
Normal 33 2.6 2.9
Heterozygous beta 6.1 4.3 5.4

thalassemia

Heterozygous Hb E 294 214 231

Homozygous Hb E 72.2 68.4 64.9

Beta thalassemia / Hb E 44.3 39.0 34.5
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Tak 1 59 Hb H Constant Spring 1 78 uag unknown Hb 1 518 @4 abnormal Hb wianiivinlw
dnduves Hb A2 7ildann Q sepharose waw DEAE sephadex microcolumn chromatography
Jeawily Weyadadauves abnormal Hb 910 HPLC wamslun1s1sil 3 Fosadadiues Hb A2

ldnmmmansanisuandluniie 4) aandedeyadainnyssnanalivisdu 347 s

A13147 3 dndruvas Hb A, Hb A2 uag abnormal Hb 910 HPLC Tushagradenndnesn

Hb A (%) Hb A2 (%) Abnormal Hb (%)
Hb Tak 50.3 i’ o322
Hb H Constant Spring 82.4 0.8 H - undetermined
(S 1
Unknown Hb 62.7 0.7 26.4

915799 4 dndruvat Hb A2 Ailaainnisnsianeannd

Q sepharose (%) | DEAE sephadex (%) HPLC (%)
Hb Tak 2.9 5% 23
Hb H Constant Spring byl 6.9 0.8
Unknown Hb s W, 2

NnegInEen 347 518 Iinguusyansund 230 $78 waswmgiudns dadiile 59
18 (udnnuildediiden 50 59 lisunisnsiedudunvzvoauisdadiilofae multiplex
ARMS) Yagjariade (+ SD) vesdadiu Hb A2 Tunguiiedaund wasnguwmsiuis dadide 3in

o asa b Y] ar 17 P
msasansanisiinlndidseiu Teyauandlunisad 5
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19799 5 ARasdEndId Hb A2 Tunqnmamaﬂnm tLﬁa‘iﬂQNTﬂ‘ﬁ:ﬁLﬂﬁ'}ﬁ’]ﬁﬁ‘ﬁmﬂ INNTATIVE

Q sepharose uag DEAE sephadex microcolumn chromatography Wiguiu HPLC

nauieEeUni U MU dadile
n =230 n =59
(%) (%)
Q sepharose 2.70 + 0.40 6.16 + 1.21
DEAE sephadex 2.77 £ 0.38 535 + 112
HPLC 2.65 + 0.31 5.40 + 0.92

MnNsAnEILUIBUEUAT Hb A2 Ailaaan microcolumn chromatography i 2 33

AU3S HPLC eedlasigiAnanduyius (correlation) wulime 2 35lvnadndiuves Hb A2 1Ulu

a .o ] o s o o P 2 f ar q!l}
firnafeanunu HPLC agalidudrdny Lo 1~ (Pearson correlation) fail

1. W3sumaua1 hemoglobin A2 fldan Q sepharose microcolumn chromatography
fUHPLC, ¥ = 0.986, p < 0.01 (LLf—HJQﬁﬁ 1)

2. WisuifiBua hemoglobin A2 #il#a1n DEAE sephadex microcolumn

chromatography U HPLC, P = 0.988, p < 0.01 (LLf—lugﬁﬁ 2)

WHUnIiN 1 scatterogram va3A1 Hb A2 lasening Q sepharose microcolumnn chromatography

AU HPLC (n = 347)
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Lmui‘]ﬁﬁ 2 scatterogram 9831 Hb A2 iiléiseming DEAE sephadex microcolumn

chromatography fiu HPLC (n = 347)
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M3sANWYY sensitivity, specificity, positive predictive value, negative predictive value uaz

accuracy 984 microcolumn chromatography %a 2 38 Tumsitindenvziumsidadule Tneld

HPLC Wuanasgilunisiiiadelsiandal

1. Q sepharose microcolumn chromatography il sensitivity, specificity, positive

2/ s = = ltll
WIVZLUMBIAETBLIEY (1N5199 6)

predictive value, negative predictive value Way accuracy 100% lun1531i9e

2. DEAE sephadex microcolumn chromatography 31 sensitivity, specificity, positive

v -] =
WINLLUAB DTS (115999 7)

predictive value, negative predictive value Was accuracy 100% lum33tiane

< . -, et :
A1529 6 M3 2x2 wamA sensitivity ae specificity 983 Q sepharose microcolumn

chromatography Tumsitiadenmeztumsidadsislasld HPLC Wusnasgnilunsitedt

DLW IZIUASAEDY NQUAIBENUNA
HAUIN 2 0 9
Haau 0 230 230
9 230 239
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= ' rr i g :
ATV 7 AN 2x2 WARNAN sensitivity Wag specificity 984 DEAE sephadex microcolumn

chromatography Tumsitisdenmeiuimsdaddislasld HPLC Wuannsgilunisitieds

nauYNEUAE EATY NANAI8E19UNG
HAUIN 9 0 9
HAAY 0 230 230
9 230 239

nsAnwIATIILTEY (precision) Yaemsniaaiasyiu Hb A2 838 Q sepharose Wag
DEAE sephadex microcolumn chromatography Tasnisasaatasnegaaiioatudt 10 ads lugas
naAeiy wuilian Hb A2 ladsnafusnniin uassesnitanuiiesainnisasaaingae HPLC T
wntnuny %’aa‘;aﬁiuaﬁaﬁmdawm Hb A2 97nnsasivinlumedradenun® uasnivgiudi

sagviiolnonisasraiadiegrufiendud 10 ase ludawanferfu wazan coefficent  of

variance (CV) Landlumn1sien 8 uag 9 auaisy

o ! i o 9] o ' o = 5 ) 1
A131911 8 ﬂ’lLaﬁﬂﬁﬂa’Ju‘UB\i Hb A2 ‘mﬂﬂ’15@1‘31%@1‘1&1’398'}0La@ﬂﬂﬂG) 1 37891 10 A9 wagan CV

Hb A2 (%) Min (%) Max (%) CV (%)
Q Sepharose 3.05+0.20 2.70 3.40 6.60
DEAE Sephadex 2.99+0.20 2.70 3.30 6.58
HPLC 2.38+0.04 2.30 2.40 177

M1 9 MLAAUEAFILYY Hb A2 9900150319 lunvzludns 18adiile 1 shedh 10 ASe uagan

v

Hb A2 (%) Mir (96) Max (%) CV (%)
Q Sepharose 5.41+0.21 5.10 5.70 3.94
DEAE Sephadex 5.48+0.30 5.00 5.90 5.49
HPLC 4.9640.05 4.90 5.00 1.04
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Suufednvanguussnngialy (300 o) wazngummvsuisdadiile
[ 1) A =1 n’:: dv = £ 4 = :‘g‘ 1 ar ]
(50 fvg) Arusulalumsdnunasetiduluaaudmmneinndd dygmnneduluduvesdiagng
o = o ' ° = o ' o q w1
#5usuldAn n1swu abnormal Hb ludieged iy 3 598 3 abnormal Hb fananaiinavinliian
LY v a = i s o o o LYY 1 1 = 3/ 0
dad Hb A2 fildAansdesvuegedanu sududesdafatamdriioonainnising usiin
naeimsAneendinailagnszylilunaminisdnesnvestelduslasinsidonauausn eiitiym
:f = =¥ [ 1 1 o = = o = B e o L 1
AAnTuludaunnIasraInsauuaiiun1sIde abildaataniswu abnormal Hb Tudegna
GelasunAnulalivesiin usidhuiingiui@dn abnormal Hb vanetile ansagnuzesnin (elute)
910 microcolumn Yuegiu Hb A2 ieenin ibiasiviadadiuves Hb A2 launninaasesiiiu
= ) v W ' - 1 o v o
Jutumginesindiegnadeamanioanlunievas wisldlvasussinaraidsauuly
doyadndu Hb A2 lunguiedradnd waznguwmstuiondadiile Alannans
1579728 Q sepharose Way DEAE sephadex microcolumn chromatography 1guffu HPLC fim
[ ) | o ' 2 " = v Y ' & w )
TnatApeiu Wasinnsandl 1 (Pearson correlation) SiAntnlng 1 (p < 0.01) Freduduanuuiug
U84 microcolumn chromatography M9eawiia Wiguiiu HPLC A1 sensitivity A1 specificity @1
positive Waz negative predictive value lunsidadunmeiudns dadiiivannnisnsiaindadau
9949 Hb A2 728 Q Sepharose Way DEAE Sephadex microcolumn chromatography Iagld HPLC

vva v oo

Wunsiladeainsgu virdufesas 100 i ligideideiulunisin  microcolumn
chromatography ﬁg&ﬁax‘i‘ﬂﬁﬂuﬂ‘ﬁu%‘uuﬂ’iiﬂ'mﬂiﬂ‘iﬂﬁ?ﬁﬂ%LﬁﬂIUﬂ‘is‘U’]ﬂi
winfinnsaniedaldiuiouwes Q  sepharose iiaifisufu  DEAE  sephadex
microcolumn  chromatography lalnauagaInvansIain 1199310 Q  sepharose iy
anion exchanger Walwiil working pH #in¥s ¥ilvinaswasuwvasan pH liiinadudndn Ho A2
7ol Goiiismsasiaindadau Ho A2 vhldihedu uenanilanaudinsinduuldinilfues
Q sepharose azvhlfannsaanduyunsnsvadldn delfuioumdrilasihld Q sepharose

2 & b o A
microcolumn chromatography {Wunatdenfivnaulasnngaduy
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@ @ i =i o o a s 1 < A A
mMinsvindadiuves Hb A2 ianudAgluszuunsesviiademgailnsseridss
o £ e, L | =Y - Qs o o= o ar
funslayasiulsamdafideviinquusaiiomunulinsrdadiislulszmalne Wewndadiuves
o = w W oaa v G aa o a1 o
Hb A2 fiigedulummevsauisdadiile dulunsnisnisasisindndiuves Hb A2 filiay

v

1 o d o o a s o = = 1 b ﬂ.
wriue ganss Fnsniunldlunisitiadewneiudisdadiiieagsléna uay UNUAI ﬂgL{:J'U

Usglomilumsifmunszuunmsavpulsasdadifisluyszins HPLC WuiBumsgnAsuildlunis
n3vindnduues Hb A2 uddlesandadidldionaioderaudineg uaziniasdiolisimume vh
Winsihunlflumsanvitadeiiomunlsasdadidislulssen sduaunndeddGuamusesu
wila DEAE  sephadex microcolumn  chromatography t1dSfimiaeddos dadiile e
winerand uAnendeutss enldlummsaiteduiiiomueulsasidadidieluuszansiun
Mamtlanauaisunna 10 Yua? n1snsiaindndiuess Hb A2 ‘[uwmiﬁﬁ:]:ﬁﬂiiﬁl,l,asﬁ’lﬁiﬂ 3,000

Aol wudnlanad ldanld9redesaed iy F8dsnaraimuiunain DEAE  sephadex  AS50
microcolumn chromatography uald disposable syringe vu1@ 3.5 Hadans iUy column uag
disposable syringe ¥u % 10 fiadans 1 reservoir *?fﬁas-qﬁ'wmmmmé’mm“iamﬁa’l‘ifmulﬁlu
mheideies dofidasiiafislunisnsaindadiuves Hb A2 §1e DEAE sephadex microcolumn
chromatography Ao pH 183 working Ua eluting buffer 71l tiiasa1nnsU$u pH frauddty
fuySnes Hb A2 fizgnazesnin mswasuulas pH wifisadntosnsiinatudrdadau Hb A2
il sahndleiinni @ sepharose @411 anion exchanger falvaifiil working pH n¥19 vilwnas
WasuuwUasan pH lifnadudndau Hb A2 iald Savinliisnisasrotndadau Hb A2 vilddiedu
mheAdusdatideini Q sepharose wivhnsinuluaisil Ina3euiisunisnsivindndru Ho
A2 fiu DEAE sephadex microcolumn chromatography m*ﬁ'aej uag HPLC daihifinnigiu Tng
siivTaagi Q sepharose mldluszuunismugulsasdadifielulssansunniamilonoudns 3
nansAnwInUIAIdRdI1Y83 Hb A2 i¥aldlneld Q sepharose microcolumn chromatography
lunquihegaund uasndurimziuinsdadidly fiailnaifesiu DEAE sephadex microcolumn
chromatography wag HPLC A1 sensitivity @1 specificity A1 positive War negative predictive
value lunsitladevveiumsidadiile windufesas 100 A CV i anansatnnldnsieindadou
193 Hb A2 aunu DEAE sephadex microcolumn chromatography wag HPLC uanTINEMIN
filstnaandilumahndusnldlmilsves Q sepharose ddlunsAnuadaiifmunlvhnduantd
$191u0u 3 afa sgviliannsaandununisasivadlédn fleifioufu  DEAE  sephadex
microcolumn  chromatography %aﬁﬁunuﬁﬁwaéuﬁq agalsAmunininduanlddves Q

sepharose Sadurdendasmsmsanuiiiuiy
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