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Short Communication

Hemoglobinopathy is an example of genetic disorder. It is caused by the point mutation in the globin genes. Normal adult
human hemoglobin is a tetrameric protein consisting of a and p globin polypeptide chains in duplicate (a2f2), where o and
globin chains consist of 141 and 146 amino acids respectively. In hemoglobinopathies, the mutant hemoglobins, termed as
hemoglobin variants, are characterized by the substitution/deletion/insertion of amino acids in the globin chains [1]. There are
1397 different hemoglobin variants discovered to date [2]. Approximately, 7% of the total world population is affected by
hemoglobinopathies [3]. Thus, it is important to characterize hemoglobinopathies to screen the genetic disorder. Among all
known hemoglobin variants, 312 variants were observed with clinical symptoms [2]. Therefore, it is important to have a concise
list of these functionally disordered variants in a tabular form so that it would be an easy task for the clinicians to make alert to
the patients with hemoglobinopathies without too much of literature search [2].
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Mutation of 6™ amino acid of p globin chain from Glu to Val (BE6V) in sickle cell hemoglobin is the most extensively studied
point mutation that causes clinical morbidity. Besides sickle variant, the majority of hemoglobinopathies with clinical
symptoms belong to hemoglobin variants exhibiting altered solubility resulting in unstable hemoglobin, variants with either
increased or decreased oxygen affinity, and variants with an increased rate of heme iron oxidation from ferrous (Fe*?) to ferric

(Fe*®) state that results in nonfunctional hemoglohin known as methemoglobin.

Hemoglobin variants with altered oxygen binding affinity

Mutations affecting hydrogen bonds, salt bridges and hydrophobic interactions across a and  globin subunit interfaces that

Hb variant Mutation Phenotype Hb variant Mutation Phenotype
Hb Miyano? aT41S High O affinity | Hb Shuangfeng? aE27K Unstable Hb
Hb Milledgeville? aP44L High O; affinity | Hb Agrinio? al29P Unstable Hb
Hb Meulan® aS84N High O affinity | Hb Rotterdam?® aM32R Unstable Hb
ms(s:éﬂlrjpb'a aA88V High Oz affinity | Hb Chartres? aF33S Unstable Hb
Hb Luton? aH89L High Oz affinity | Hb Manawatu® aP37L Unstable Hb
Hb Chesapeake? aR92L High Oz affinity | Hb Torino? aF43V Unstable Hb
Hb J-Cape Town? aR92Q High O affinity | Hb Hirosaki® aF43L Unstable Hb
Hb Dallas? aN97K High O affinity | Hb Lake Tapawingo® | aF43S Unstable Hb
Hb Tarrant? aD126N High Oz affinity | Hb Tottori? aG59V Unstable Hb
Hb Fukutomi® aD126V High Oz affinity | Hb Evans® aV62M Unstable Hb
Hb Hanamaki-22 aK139E High Oz affinity | Hb Ann Arbor? aL80R Unstable Hb
Hb Ethiopia® aY140H High O affinity | Hb Moabit? aL86R Unstable Hb
Hb Natal® aYR41 High O affinity | Hb Auckland? aH87N Unstable Hb
Hb Nunobiki? aR141C High Oz affinity | Hb Port Phillip? al91P Unstable Hb
Hb Legnano? aR141L High Oz affinity | Hb Contaldo® aH103R Unstable Hb
Hb Bramall Lane? aA28T High O affinity | Hb Iberia® aCl104R Unstable Hb
?;)risnzr;toga aKAON High O affinity | Hb Bleuland? oT108N Unstable Hb
Hb Sassari® aD126H High O affinity | Hb Lleida®® Zgli? la;d Unstable Hb
Hb Burlington? aDI126E High O affinity | Hb Policoro? aS124P Unstable Hb
Hb Hanamaki-1? aK139E High O affinity | Hb Sun Prairie? aS131P Unstable Hb
Hb Lyon-Bron? aVI1A Low O affinity | Hb Caen? aV132G Unstable Hb
Hb M-Boston? aH58Y Low O affinity | Hb Toyama® aL136R Unstable Hb
Hb Conakry? alL80V Low Oz affinity | Hb Bibba? al136P Unstable Hb
Hb M-Iwate? aH87Y Low O affinity | Hb Zurich-Altstetten® | astop142H Unstable Hb
aStop142SAGASVA
Hb Sunshine Seth? | aD94H Low O affinity | Hb Koya Dora® VPPARWASQRALL | Unstable Hb
PSLHRPFLVFE

Hb Titusville? aD94N Low O affinity | Hb Oegstgeest? aC104S Unstable Hb
Hb Bassett® aD94A Low Oz affinity | Hb Quong Sze |12 al125P Unstable Hb
Hb Yuda? aA130D Low O affinity | Hb Tunis-Bizerte? al129P Unstable Hb
Hb Wadenswil? aD64N Low O; affinity | Hb Catonsville® a 37E38 Unstable Hb
Hb Capa? aD94G Low O affinity | Hb Clinic® aK61 Unstable Hb
Hb Goya®™ S/S}?&SQ‘;‘Q Low O affinity | Hb Aghia Sophia® ave2 Unstable Hb
Hb Cibeles? aG25D Unstable Hb Hb Kirklareli® aH58L Met Hb
Hb Debao? aK32W Unstable Hb Hb M-lwate? aH87Y Met Hb
Hb Amsterdam-Al1* | aM321 Unstable Hb Hb M-Boston? aH58Y Met Hb

Hb Auckland? aH87N Met Hb

Table 1: List of hemoglobin variants originated from mutation in the a globin chain
Note: 3substitution, Pinsertion, °deletion

are important in the cooperative oxygen binding to heme units of the tetrameric hemoglobin molecules produce hemoglobin
variants with altered oxygen affinity Mutations in both o and B globin chains may cause either stabilization of the oxy state (R

state) or destabilization of the deoxy state (T state) of hemoglobin molecule. Eventually these mutations produce hemoglobin
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variants with high affinity for oxygen [4,5]. For example, mutation of BHis146 that contributes 50% to the release of Bohr

protons of hemoglobin molecule, results in destabilization of the T state relative to the R state. Subsequently, the oxygen

binding affinity of the mutant hemoglobin increases with a concomitant decrease in the release of oxygen to the tissues [5,6]
(Table 1 and Table 2).

Hb variant Mutation Phenotype Hb variant name Mutation Phenotype
Hb Olympia® BV20M High Oz affinity Hb Saint-Jacques? BA140T High O affinity
Hb Trollh&ttan® BV20E High Oz affinity Hb Aurillac? BL141V High Oz affinity
Hb Palmerston . - fac BL141V and . -
North? BV23F High O affinity Hb Kochi BKYH 144 High Oz affinity
Hb Zoeterwoude? BV23A High O affinity Hb Waterland? BA142V High O affinity
Hb Strasbourg? V23D High O affinity Hb Ohio? BA142D High O: affinity
rib Grange: BA27V High O affinity Hb Syracuse? BH143P High O affinity
Hb Badalona? BL31V High O affinity Hb Vancleave® BH143L High O: affinity
Hb Pitie- . - . . .
Salpetriere? BV34F High Oz affinity Hb Abruzzo BH143R High O affinity
Hb Nantes? BV34L High O affinity Hb Little Rock® BH143Q High O: affinity
Hb Brie Comte 36A Hiah O» affini Hb Mito? 144 Hiah O» affini
Robert? BP igh Oz affinity ito BK144E igh O2 affinity
Hb Linkdping? BP36T High O affinity Hb Cambridge-MA® | BKYH144 High O affinity
Hb North Chicago® | pP36S High O affinity Hb San Cataldo® BK144T High O affinity
. - Hb Andrew- . -
Hb Sunnybrook?® BP36R High O2 affinity Minneapolis? BK144N High O2 affinity
Hb Vila Real? BP36H High O2 affinity Hb Bethesda? BY145H High Oz affinity
Hb Hinwil? BT38N High Oz affinity Hb Nancy? BY145D High Oz affinity
Hb La Coruna? BT381 High Oz affinity Hb Osler? BY145N High O2 affinity
Hb Alcorn County® | BR40T High O affinity Hb Rainier? BY145C High Oz affinity
Hb Poissy? E%g and High O affinity Hb McKees Rocks® | BYH145 High O2 affinity
Hb Headington® | BS72R High O affinity Hb Bologna- BH146Y High O affinity
Hb Tsurumai? BK82Q High O affinity Hb Hiroshima® BH146D High O affinity
Hb Helsinki? BK82M High O affinity Hb Cowtown? BH146L High O: affinity
Hb Rahere? BK82T High O affinity Hb York? BH146P High O affinity
Hb Nebraska? BAS6I High O affinity Hb Kodaira 112 BH146Q High O affinity
Hb Cardarelli® BASGP High O2 affinity Hb Monplaisir® PUTATYRLAFLLSN. 1 igh 0 affinity
Hb Vanderbilt® BS89R High O affinity Hb Raleigh® BVIA Low O affinity
Hb Villaverde? BS89T High O affinity Hb S-South End? BE6V and BK132N Low O affinity
Hb Créteil? BS8IN High O affinity Hb S-Antilles? BVI1A and V231 Low Oz affinity
Hb Pierre-Bénite? BE90D High O affinity Hb S-Sao Paulo? BV1A and BK65E Low O3 affinity
fib Geldrop St BD94Y High O affinity Hb Washtenaw? BVIIF Low O affinity
Hb Bunbury? BD94N High O affinity Hb Connecticut? BD21G Low O affinity
Hb Barcelona? BD94H High O affinity Hb J-Auckland? BG25D Low O affinity
Hb Regina® BL96V High O affinity Hb Knossos? BA27S Low O3 affinity
Hb Wood? BH97L High O affinity Hb Rothschild? BW37R Low O3 affinity
Hb Malmo? BH97L High O2 affinity Hb Hazebrouck? BT38P Low O affinity
Hb Kempsey? BD9IN High O2 affinity Hb Grove City? BT38S Low O affinity
Hb Ypsilanti? BD99Y High O affinity Hb Valme? BF41V Low O affinity
Hb Yakima? BD99H High Oz affinity Hb Bologna® BK61M Low O affinity
Hb Chemilly? BD99G High Oz affinity Hb J-Cairo? BK65Q Low O affinity
Hb Hotel-Dieu? BD99V High O2 affinity Hb Chico? BK66T Low O affinity
Hb Radcliffe? BD99A High O affinity Hb Ulm? BK66N Low O affinity
Hb Coimbra? BD99E High O affinity Hb M-Milwaukee-12 | BV67E Low O affinity
Hb Brigham? BP100L High Oz affinity Hb Loves Park? BL68F Low O affinity
Hb New Mexico? BP100R High Oz affinity Hb G-Accra? BD73N Low O3 affinity
Hb British . - .
Columbia? BE101K High O affinity Hb Vancouver? BD73Y Low Oz affinity
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Hb Alberta? BE101IG High O affinity Hb Mobile? BD73V Low O; affinity
Hb Potomac? BE101D High O affinity Hb Tilburg? BD73G Low O affinity
Hb Sparta? BF103V High O affinity Hb Calais® BA76P Low O affinity
Hb Saint Nazaire* | BF1031 High O affinity Hb Providence? BK82N Low O affinity
Hb Heathrow? BF103L High O2 affinity ;'i?rgosea”'%'me & | BE9OG Low O affinity
Hb South : - - a -
Milwaukee BL10SF High Oz affinity Hb Caribbean BLY91R Low O affinity
Hb Johnstown? BVI109L High O affinity Hb Canebiere? BN102H Low O; affinity
Hb San Diego® BV109M High Oz affinity Hb Saint Mandé* BN102W Low O affinity
Hb Vexin? BH116L High Oz affinity Hb Yoshizuka® BN108D Low O affinity
Hb Ty Gard? BP125N High O: affinity Hb Santa Juana® BN108S Low O affinity
Hb Aurora? BN139Y High O affinity Hb Schlierbach? BN108I Low O; affinity
Hb venissieux? BV33L High O affinity

I;llz;si?epherds BG78D Unstable Hb Hb Kingsbury? BE6K and V98M Unstable Hb
Hb Atlanta® BL75P Unstable Hb Hb Jamaica Plain® BE6K and L68F Unstable Hb
Hb Pasadena® BL75R Unstable Hb Hb S-San Martin? BE6K and L105P Unstable Hb
Hb Baylor® BL8IR Unstable Hb Hb Windsor? V11D Unstable Hb
Hb Buenos Aires® | BF85S Unstable Hb Hb Ashburton? BTI2P Unstable Hb
Hb Borés® BLSSR Unstable Hb g?ﬁ)‘(‘frda'e' BG24R Unstable Hb
Hb Santa Ana? BL8SP Unstable Hb Hb Moscva? pG24D Unstable Hb
Hb Sabine? BLI1P Unstable Hb Hb Savannah? pG24V Unstable Hb
Hb Redondo? BH92N Unstable Hb Hb T-Cambodia® BE6K and BE121Q Unstable Hb
Hb Mozhaisk? BH92R Unstable Hb Hb Volga? BA27D Unstable Hb
Hb Newcastle? BH92P Unstable Hb Hb Saint Louis? BL28Q Unstable Hb
Hb Saint Etienne? BH92Q Unstable Hb Hb Genova? BL28P Unstable Hb
Hb Vall d'Hebron? EgggSN and Unstable Hb Hb Monroe? BR30T Unstable Hb
Hb Debrousse? BLI6P Unstable Hb Hb Yokohama? BL31P Unstable Hb
Hb Nagoya? BH97P Unstable Hb Hb Hakkari® BL31R Unstable Hb
Hb KéIn? BVISM Unstable Hb Hb Castilla?® BL32R Unstable Hb
Hb Nottingham? BVI8G Unstable Hb Hb Perth? BL32P Unstable Hb
Hb Mainz? BVISE Unstable Hb Hb Philly? BY35F Unstable Hb
Hb Grand B115SASLWQRI a

Junction® HPT116 Unstable Hb Hb Denver BF41S Unstable Hb
Hb Terre Haute? BL106R Unstable Hb Hb Mequon? BF41Y Unstable Hb
Hb Tiibingen? BL106Q Unstable Hb Hb IImenau? BF41C Unstable Hb
Hb Burke? BG107R Unstable Hb Hb Brevedent? BV67M and BF41L Unstable Hb
Hb Showa- "

Yakushiji? BL110P Unstable Hb Hb Sendagi BF42V Unstable Hb
Hb Peterborough? BVI1IF Unstable Hb Hb Louisville? BF42L Unstable Hb
Hb Durham-N.C.2 | BL114P Unstable Hb Hb Oslo? BF421 Unstable Hb
Hb Madrid? BA115P Unstable Hb Hb Hammersmith? BF42S Unstable Hb
E:)a::?gec BALLSD Unstable Hb Hb Duc Pho? BF45V Unstable Hb
Hb Roma? BA115V Unstable Hb Hb Arta? BF45C Unstable Hb
Hb Miami® BH116P Unstable Hb Hb Cheverly? BF45S Unstable Hb
Hb Saitama® BH117P Unstable Hb Hb Jacksonville? BV54D Unstable Hb
Hb Caruaru® BF122S Unstable Hb Hb Cagliari® BV60E Unstable Hb
Hb Dhonburi? BV126G Unstable Hb Hb Duarte? BA62P Unstable Hb
Hb Brest? BQI27K Unstable Hb Hb Hané? BH63N Unstable Hb
Hb Dieppe? BQI127R Unstable Hb Hb Bicétre? BH63P Unstable Hb
XibgnMa(r)]gt Saint BA128P Unstable Hb Hb Aubagne? BG64A Unstable Hb
Hb J-Guantanamo?® | BA128D Unstable Hb Hb I-Toulouse? BK66E Unstable Hb
Hb Wien? BY130D Unstable Hb Hb Alesha? BV6TM Unstable Hb
Hb Shanghai?® BQI131P Unstable Hb Hb Manukau?® BV67G Unstable Hb
Hb North Shore? BV134E Unstable Hb Hb Sydney? BV6TA Unstable Hb
Hb Altdorf? BA135P Unstable Hb Hb Mizuho? BL68P Unstable Hb
Hb Beckman? BA135D Unstable Hb Hb Abington? BA70P Unstable Hb
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Hb Brockton? BA138P Unstable Hb Hb Hershey? BA70G Unstable Hb
Hb Nijkerk? Eing and Unstable Hb Hb Seattle? BA70P Unstable Hb
Hb Olmsted?® BLI141R Unstable Hb Hb Christchurch? BF71S Unstable Hb
Hb Toyoake? BA141P Unstable Hb Hb Bushwick BG74V Unstable Hb
BGKEFTPPVQAAY
QKVVAGVANALA
. HKYH118LAKNSPH
bc bc
Hb Antalya BHLTP2HSDS Unstable Hb Hb Sainte Seve QCRLPIRKWWLV Unstable Hb
WLMPWPTSITKLA
FLLSNF
Hb Bronx® B68KVL69 Unstable Hb Hb Stara Zagora® BVAN137D Unstable Hb
L b BDGL73 and < b BNALAHKYH141W
Hb Nishinomiya B72ARCQ76 Unstable Hb Hb Florida PTSITKLAFLLSNEY Unstable Hb
Hb Fairfax® B94ELHCD95 Unstable Hb Hb Birmingham® BLAHKI141Q Unstable Hb
N b BAHKYH143PSITLA
Hb Koriyama! BOSLHCDK96 Unstable Hb Hb Saverne FLLSNFY156 Unstable Hb
b B145SITKLAFL b BKYH144SITKLAFL
Hb Cranston LSNEY57 Unstable Hb Hb Trento LSNEY Unstable Hb
Hb Leiden® BE138 Unstable Hb Hb Galicia® BHV97L Unstable Hb
Hb Olinda® BEVGG22 Unstable Hb Hb Chile? BL28M MetHb
Hb Freiburg® V23 Unstable Hb Hb M-Saskatoon? BH63Y MetHb
Hb Bruxelles® BP41 Unstable Hb Hb M-Milwaukee-12 | BV67Q MetHb
Hb Niteroi® BFES42 Unstable Hb ZHab M-Milwaukee- | 51195y MetHb
Hb Tochigi® BGNPK56 Unstable Hb Hb M Dothan® BGE25E MetHb
Hb Tours® BT87 Unstable Hb Hb F-M-Osaka? yYH63Y MetHb
Hb Gun Hill° BLHCDKO91 Unstable Hb Hb F-Circleville? YH63L MetHb
BA128 and Hb F-M-Fort
C
Codons 128/129 OKVV135 Unstable Hb Ripley? YHI2Y MetHb
Codons 127/128* | BQAL27P Unstable Hb Hb F-M Viseu? yL28M MetHb

Table 2: List of hemoglobin variants originated from mutation in the  and y globin chains

Note: 2substitution, insertion, cdeletion

The impaired 2,3-diphosphoglycerate (2,3-DPG) binding to the hemoglobin destabilizes the T state of the molecule, causing
the variants with increase in the oxygen binding affinity [5,6]. In contrast, the stabilization of the T state relative to the R state
of hemoglobin results in variants with low affinity for oxygen [5,6]. (Table 1 and Table 2) For normal hemoglobin, the partial
pressure of oxygen required to saturate hemoglobin by 50% (Pso) is 26.8 mmHg [7]. The Psg shifts towards low and high values
for hemoglobin variants with high oxygen affinity and low oxygen affinity respectively. In case of variants with high oxygen
affinity, the tissue hypoxia stimulates the release of erythropoietin, thereby elevates the production of red blood cells (RBCs)
and eventually results in polycythemia [8]. Additionally, high oxygen affinity also causes hemolytic anemia and Heinz body
formation [4]. Two important hemoglobin variants among low oxygen affinity category belong to the mutation at the 6™ position
of B globin chain, HbS (BE6V) and HbC (BE6K). In case of HbS, polymerization followed by precipitation of hemoglobin
results in sickle shaped RBCs whereas in HbC, a different type of aggregates with blunt ended crystalloids is formed inside
RBCs [9].

Unstable Hemoglobin

Mutations in o and/or  globin chains may result in unstable hemoglobin variants with impaired solubility. This reduction in
the solubility of tetrameric hemoglobin molecules arises by the weakening of important hydrogen bonding and/or hydrophobic
interactions between globin subunits. Hemoglobin is made up of a helical structure. However, proline residue cannot participate
in the formation of o helix. Thus, the substitution of an amino acid in the globin chain by proline results in breaking of a helix,

thereby the formation of an unstable hemoglobin molecule [9] (Table 1 and Table 2). Other unstable hemoglobin variants
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originate by the substitution of amino acids that are too large or too small to fit into the tetrameric structure and subsequently
fail to make the appropriate interactions across globin subunits to maintain the structural integrity [9]. In addition, insertion
and/or deletion of amino acids may also display the impaired hemoglobin solubility (Table 1 and Table 2). These unstable
hemoglobins easily denature and precipitate inside RBCs to form Heinz bodies. There are 151 unstable hemoglobin variants
discovered to date, where o and B globin variants contribute 22.5% and 74.8% respectively. Hemoglobinopathies with unstable

hemoglobin may lead the patient to develop anemia, splenomegaly, reticulocytosis and urobilinuria [9].

Methemoglobin

Oxidation of heme iron of hemoglobin molecule from ferrous (Fe*?) to ferric (Fe*®) state results in the formation of
methemoglobin [5]. Mutation of the proximal histidine residue that satisfies fifth coordination site of heme iron in both o and
B globin chains and mutation of the distal histidine residue that is spatially located close to oxygen binding sites of heme unit
in both globin chains predominantly produce methemoglobin. (Table 1 and Table 2) High concentration of methemoglobin in

patients with methemoglobinemia results in cyanosis, a phenotype with bluish color of the skin [9].

Conclusion

In the present study, we have listed all hemoglobin variants, carrying point mutation at o,  and y globin chains, discovered to
date with following functional abnormality: formation of unstable hemoglobin, variants with either high or low oxygen affinity
and formation of methemoglobin. All four different types of functionally disordered hemoglobin variants can cause tissue
hypoxia. Therefore, the patients with these hemoglobinopathies should be careful to choose a profession that requires a task of

high physical activity such as in armed force, sports, fire brigade etc.
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