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Structural Alterations, Functional Modifications and 

Clinical Manifestations of Hemoglobin Variants 

Akira HAYASHI 

Third Department of  Medicine, Osaka University 

Summary This short review describes the outline of the recently con- 
structed atomic model of hemoglobin molecule and of the genetic variations 
expressed in the structural alteration of human hemoglobin variants. 

The detailed comparisons of the relationship between high dimensional 
model and elucidated alterations of the primary structure have made it 
possible to relate the position of the individual amino acid substitutions 
to the function and stability of hemoglobin molecule, and further to the 
expression of unusual clinical syndroms: hemolytic anemia, cyanosis, 
erythrocytosis and so on. 

The author also discussed the important problems in special reference 
to pleiotropic phenomenon in sickle cell hemoglobinopathy, variabilities of 
clinical manifestations in unstable hemoglobinopathies and compensating 
mechanism in erythrocytosis producing hemoglobinopathies. 

< ~ 6;k'-c ~,, 5 .  

~ , ~ r _  o~,, "-c ~ - ~  ,5. 



~ : A ~ - ~  21 i ~  ">" : . /~ -:) ,2 .z, (1976) 103 

~ ' ,  .@-TN. )~ .~  65 ,000  ~ , ~ " c ~ , , ; 5 .  ~' > ' . . < p N . ~ . - ~ � 9  ~ ~ ' ~ . ,  ~ b H b � 9  

~ ' ( ~ 9 5 % ~ . I _ h )  ~ a S ; 5 ~ Z . _ ~  H b  ( H b  A )  "-~-~:k, . ~ . / ~ ; 5 } . ~ - ~ I ~ 7 o ~ < , ~ ' ~  (141 

NA ........... )- A 

4() 

30 

70 

10 

10 x ~  
' i 

20 , /  ." 

2D 20 ....-" 

c E (~,) .................................................................. . 

I CD(/~) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D ( ~ ) ~ ' "  ' .... 

60 

8O 

N----- .P'e - - N  

9O 

~,, 

\ 

110 

120 

1 It) 

130 

I N 1 .  

I(JO 

130 

lOO 

- - G  "~ ........ 
:,- HC .......... 

140 

140 



I04 lap, ]. Human Genet, Vol. 22, No. 2.~, 1977 

100 - -  

v 

50 
O 

"I- 

0.I 1 i0 i00 

pO~ (mmHg) 

3. Hb ~s bib 0 ! ~ t ~ . ~ I ~ , ~  
20~ 0.1M ~7 > ' ~ ,  pit7.0 ~kO r 7. 4. 

~e~-J==,y ~ (NI) at, ~ g ~ 2 o ~ f ~  (~2) L, ~-~-~- (~2) 

~b~,~. 

0 @ o ~ % ~ < ~  b ~ ,5. ~- o Hb o ~ @ , ~ t ~ . ,  & - o ~ @ l ~ l @  (~ 3 ) o~,~ 

(~) i ~ ' ~  @5o) : Hb @ ~ - ~ S 0 % ~ k ~ - ~  o m ~ , ~ . d ~ , ~ ' ,  Y ~ � 9  
~ 0 ~ ,  pH, ~ : E ~ - ' ~ i l z ~ , ~  a ~ 6 ~ , ~ .  

(~) - ~ z , F ~ , l ~ r  ~ (n) : I~ 3 ~ - ~  ~ ~-, H b o ~ ~ t ~ - ~ t ~  S~- 



S A ~ ' f s  21 I ~ ' ~  Y ~  P 9 .a (1976) 105 

i~ :~  "" ) ~ ' ~  ~ , ~ .  ~ , , ~ .  a 58 His--+Tyr 

chain terminating codon � 9  Hb Constant Spring 
7 ~ / ~ 3 ~  ,~ ~ ~ ~t~- ~: 9, 7 ~ / ~ D t ~ l , ~ _ ~  a 142 Gln-172 Glu 

,~,c fJ-D~ ~ ~--c ~,, ~. 

b ~ b ; 6 .  ~ 92 His-96 Leu ~ 

7 ~ / ]~]~A p r 4 ~ _ ~  7 ~ / i~t~Dt{f~{N chain O}~.*K- Hb Grady 116 Glu-ll8 Thr N X S A ,  N ~  b~d~'xo. ~ X  

2 N ~ 0 ~ 7 " : ~ = , ~  b Dt~.NL Hb Lepore o~2(~fl)~ 

:~ l~ i~  ?~ 7 -~ ] ~ frame-shift ~- i 7o b 1) ~ v ,~ b O ~ # v :4- Hb Wayne 
1N_~Cf~ ~ .  r F shift �9 ,�9 ~ 139Asn-146Arg 

2 ~P-~�9 , ~ , , ~  , ~ � 9  ; ~ , ~ ' ~ { ~ : ~ 8  ~ Hb C Harlem 

N:~ 1 U ~ + i @ ~ . ~ . K  2 {N~-JT~'NSg~:L<b;5. /~ 73 Asp--~Asn 

~-~za~f~ U y~, ~ s ~, 2,3--~+.~+. Y ~ ~ U y~ (DPG), ~IL~, CI- 

2. ~ f ~ § 1 6 9  

; ~ , .  Hb , ~ , ~  ~,~ ~ ' ~ � 9  ~ f - e m  2OO N ~ K k m o  

(DNA) v~<~>'d'tt., y y ~  # ~  v ~ < ~ > ~ ' e  lo07 ~ / ~ ? ~ ; 5  3 o O ~  Y v~- F 

7" .~ 2 ~ 1 ] o  1 :~ ~"d" 1 0 5  70 ~ , ~ I ~ 0  7 ~ / ~ 1 ~ 0 ~  b ' d ~ ,  ;'5 % 0 ,  ~ Fct~ 
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~ o ~ . K > S t b a  e O, --~-d'~t. DNA ~ l ~ l j o ~ X ~ t ,  ~.~d' t~.~3~7~:8,  tag 

~r-Z;6 2 ~ s  (Hb Wayne), ~7ov,tl:2 ~F)~m7 ~ ] ~ 1 ~ O ; 0 .  Sp,9.;6%O 
(Hb C Harlem) ? z g g ~ 8 ~ - d t , , T o .  

(1) Hb ~-Y-o~f#~@_~:o@~:Hb ~)-=~t~:, j ~ o ~ k ~ , , 5 @ ~ - % % ' o f ~ ' l i  

a~#~ = az ,#~ ... H b o')-~ R.'I:~ 

az#z =a'~#~...Hb m~.~.~n'l'~ 
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E-M { ~  : Embden-Meyerhof ~ ,  W-D ~ @  : Warburg-Dickens ~ ,  NADH-R : 
NADH-Met Hb ~ _ : ~ - ~ ,  NADPH-R : NADPH-Met Hb ~t~:~]~J[%, GSH : ~"~-~ ~ y ,  

~ - T - ~ z 2 0 ~ < t ~ , L ~ l ! ~ J ~ - ~ b T ~ .  ~ _ ~ l ~ J ~ : - J ~ l ~ 7 ~ k ,  ~ 5 o & w  H b  
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(3) Hb � 9  : ~2 ~n Hb � 9 1 6 9 1 6 3  ~c �9 Hb � 9 ~ 
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~ 4 .  ~ ~ r 1 6 2 1 6 9  

I .  , ~ , , ~  

Sogn int / 9 1 4  Leu-~Arg $5 9 
Tacoma ~i/9i / ~ 3 0  Arg---~Ser $5 O 
Etobicoke int ~84 Ser-*Arg ~ t) 
Hasharon ext a47 Asp-~His ~ 9 
Hopkins ]I ext a l l2  His-eAsp $5 
Dakar ext a l l2  His-*Glu $5 9 

Bucuresti heine / 9 4 2  Phe---~Leu ~ 9 
Riverdale-Bronx int f i 2 4  Gly-+Arg ? 
Freiburg int /~23 Val--~0 ?~ L 
Philly aifll f l 3 5  Tyr---*Phe ~ 
Ztirich heme f l 6 3  His--*Arg ~ 9 
Leiden ext f16 ~?a{,$. /97 Glu--~0 $5 

Gun Hill heine f192~f196 Leu, His, Cys, 
Asp, Lys-*0 ~ 

Sydney heine f l 6 7  Val-~Ala ~ 
Seattle heine f170  Ala-+Asp ~ 0 
L Ferrara ext a47 Asp-+Gly ~ 9 
Peterborough a~fl~ filll Val---~Phe 2b 9 
i Toulouse (heme) /~66  Lys--~Glu ?~: b 

m. ~ , ~ $ ~ a ~ $ G ~ @ ~ ~  

Christchurch heine f171  Phe--*Ser ?a b 
Wien int f1130 Tyr--*Asp ?s L 
Casper heine /~106 Leu-*Pro ?~: L 
Santa Ana heine f l 8 8  Leu--~Pro ~ L 
Genova int f l 2 8  Leu---~Pro ~ 9 
Boras heme / 9 8 8  Leu--*Arg ~ 9 
KSln heine / 9 9 8  Val--*Met ?a L 
Torino heme c~43 Phe--~Val $5 
Shepherds Bush int / ~ 7 4  Gly--~Asp ~ 
St. Etienne heine / 9 9 2  His-*Gln $J: L 

Savannh int / 924  Gly--*Val ?~ L 
Olmsted heme /9114 Leu---~Arg ?~ L. 
Bibba heme a136 Leu-*Pro ? 
Hamrnersmith heine / 3 4 2  Phe---~Ser ?~ L 
Bristol heme / 9 6 7  Val-*Asp ?~ 1.. 
Sabine heine / 9 9 1  Leu-*Pro ~2 L 
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(2) ~ Q ~ "  Hb ~ K - ~ 6 ~ 5 ~ O ] ~ ~ ] ~ K ] @  : 1964~ Dacie 6 ~ t # ~ = ~  

Hb ~S:, Hb k~,, ~ Z E L ~ , , : ~  v-'-~�9163 --,i-o@::>o:QsE,l~mF~o$,'5 

~ , (iii) ~ 
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