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Summary: The primary structures of α 1- and 
β1 -chains from the hemoglobins of the Common 
Iguana (Iguana iguana) are presented. The globin 
chains were separated on CM-cellulose in 8M 
urea buffer. The amino-acid sequences were 
established by automatic Edman degradation 
of the native chains, the tryptic peptides and 
a peptide obtained by cyanogen bromide cleav­
age. 

The sequences are compared with human hemo-
globin. Amino-acid replacements at positions 
critical for structure and function of the hemo­
globin are discussed. The requirements for 

binding of ATP and also of DPG as allosteric 
effectors at the 0-chains seem to be fullfilled. 
Comparison of the α-chains with those of the 
Viper ( Vipera aspis) shows 66 amino-acid sub­
stitutions. This number is in the same order of 
magnitude as the ones found by comparison 
with α-chains of crocodiles and mammals as well 
as with a A -chains of a turtle and birds. This 
result points towards a period of independent 
evolution of the reptile lines leading to the 
Common Iguana on one hand and to the Viper 
on the other. This time span is comparable to 
the one separating mammals from reptiles. 

Hämoglobine der Reptilien: Die Primärstrukturen der od- und ß1-Ketten des Hämoglobins des 
Grünen Leguans (Iguana iguana) 

Zusammenfassung: Die Primärstrukturen der 
α 1 - und ßl -Ketten der Hämoglobine des Grünen 
Leguans (Iguana iguana) werden beschrieben. 
Die Globinketten wurden chromatographisch an 
CM-Cellulose in 8M Harnstoffpuffer getrennt. 
Die Aminosäure-Sequenzen wurden durch auto­
matischen Edman-Abbau der nativen Ketten, 
der tryptischen Peptide und eines Bromcyan-
Peptids ermittelt. 

Die Sequenzen werden mit Human-Hämoglobin 
verglichen. Aminosäure-Austausche an für Struk­
tur und Funktion des Hämoglobins entscheiden­
den Positionen werden diskutiert. 

Die Voraussetzungen für die Bindung von ATP 
wie auch von DPG als allosterische Effektoren 
an den ß-Ketten sind erfüllt. Beim Vergleich der 
α-Ketten mit denen der Viper (Vipera aspis) 
zeigen sich 66 Austausche. Diese Zahl ist von 
derselben Größenordnung wie diejenigen, die 
beim Vergleich mit α-Ketten von Krokodilen 
und Säugern sowie mit a A -Ketten von Vögeln 
und Schildkröten gefunden werden. Dieses Er­
gebnis deutet auf eine Zeitspanne unabhängiger 
Evolution der Reptilienzweige, die zum Grünen 
Leguan einerseits und zur Viper andererseits 
führten, vergleichbar derjenigen die Säuger von 
Reptilien trennt. 

Abbreviations: 
C M - = C a r b o x y m e t h y l - ; Q u a d r o l = 7V,A^,A/ r ' ,A/ r ' - t e t rakis (2-hydroxypropyl )e thylendiamine; Reagent I = s o d i u m l - ( i so -
th iocyana to )benzene-4 - su l fona te ; Reagent I V = t r i s o d i u m 7 - ( i so th iocyana to )naph tha l ene - l , 2 , 5 - t r i su l fona t e ; D P G •= 
2 ,3 -b i sphosphoglycera te ; IPP = inos i to l -1 ,3 ,4 ,5 ,6 -pen taphospha te ; T o s P h e C H 2 C l = ( N - t o s y l - L - p h e n y l a l a n y l ) c h l o r o -
m e t h a n e ; Ig = Iguana iguana; H u = h u m a n ; H b = h e m o g l o b i n ; H P L C = h igh-per formance l i q u i d c h r o m a t o g r a p h y . 

* 1 3 2 t h C o m m u n i c a t i o n o n h e m o g l o b i n s ; f o r 1 2 9 t h , 1 3 0 t h and 131 th c o m m u n i c a t i o n see r e f . t 1 - 3 ! . 
* * E x t r a c t f r o m thesis o f K . P . R ü c k n a g e l , F a k u l t ä t für Chemie u n d Pharmazie, L u d w i g - M a x i m i l i a n s - U n i v e r s i t ä t 
M ü n c h e n , 1985. 
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In the broad collection of hemoglobin sequence 
data one of the biggest orders of tetrapods, the 
Squamata, is represented by only one complete 
sequence of the α-globin chains from the Viper l 4 ] 

(a member of the suborder of Serpentes). 
In this paper we present the sequences of a- and 
j3-globin chains of the Common Iguana (Iguana 
iguana, a member of the suborder of Sauria). 

From this contribution, together with following 
ones, insights into functional developments of 
the hemoglobin molecule might be gained. 
Since the knowledge about origin and inter­
relationship of reptiles is still incomplete, a 
greater set of molecular data might contribute 
to a better understanding of reptile evolution 
pathways. 

Material and Methods 

Hemoglobin preparation 

B l o o d was taken f r o m the caudal vein o f an anestesized 
C o m m o n Iguana ( female , 8 8 0 g) w i t h a hepar in ized 
syringe. Red b l o o d cells, o b t a i n e d b y c e n t r i f u g a t i o n , 
were washed w i t h i so ton ic saline and lysed w i t h d i s t i l l ed 
wa te r in the c o l d . L i p i d s were r e m o v e d b y e x t r a c t i o n 
w i t h 1/10 v o l u m e o f ca rbon t e t r ach lo r i de . The h e m o l y -
sate was dia lysed against d i s t i l l e d wa te r o r against 0.02M 
T r i s / H C l ( p H 8 .5) c o n t a i n i n g 1 m m o l d i t h i o e r y t h r o l . 
The h e m o g l o b i n c o m p o s i t i o n was analysed b y P o l y a c r y l ­
a m i d gel e lect rophores is unde r a l k a l i n e l 5 ! and dissociat­
i n g c o n d i t i o n s ^ 6 ! ( F i g . 1). 

Chain separation 

G l o b i n was prepared b y p r e c i p i t a t i o n i n c o l d acidic 
acetone accord ing t o R o s s i - F a n e l l i l 7 ! . T h e g l o b i n chains 
were separated b y ion-exchange c h r o m a t o g r a p h y o n 
c a r b o x y m e t h y l c e l l u l o s e ^ . Freeze-dr ied g l o b i n was 
dissolved i n 8M urea and reduced w i t h d i t h i o e r y t h r o l 
f o r 4 h under n i t r o g e n . The p H was adjusted t o 5.0 and 
the sample was app l ied t o a c o l u m n o f c a r b o x y m e t h y l 
cellulose ( W h a t m a n / C M - 5 2 p r e s w o l l e n , 2.5 χ 17 c m ) 
e q u i l i b r a t e d w i t h 0 .02M s o d i u m acetate b u f f e r i n 8M 
urea, p H 5.0, c o n t a i n i n g 0 . 2 % m e r c a p t o e t h a n o l . T h e 
c h r o m a t o g r a p h y was deve loped w i t h a l o g a r i t h m i c 
gradient o f 0 t o 0.13M s o d i u m ch lo r ide f o l l o w e d b y a 
l o g a r i t h m i c gradient t o a f i n a l c o n c e n t r a t i o n o f 0.3M 
s o d i u m ch lo r ide ( F i g . 2 ) . The chains were checked b y 
P o l y a c r y l a m i d e gel e lec t rophores is u n d e r d e n a t u r a t i n g 
c o n d i t i o n s i n the presence o f T r i t o n X - 1 0 0 f 6 J . 

Try ρ tic peptides 

T h e g l o b i n chains were b r i e f l y o x i d i z e d w i t h p e r f o r m i c 
acid i n a c o o l i n g ba th . O x i d i z e d chains were digested 
w i t h T o s P h e C H 2 C l - t r e a t e d t r y p s i n at p H 10.5 t o 8.4 
f o r 4 and 6 h , respect ively , at r o o m t empera tu re (en­
zyme/subs t ra te r a t i o 5 : 100) . The e n z y m e was added i n 
p o r t i o n s . A t p H 4.8 T p l 1/12a (pos . 9 3 - 1 1 8 ) f r o m the 
α - c h a i n s was p r e c i p i t a t e d . I t was p u r i f i e d b y reversed-

a b 

Fig . 1. Po lyac ry l amide gel e lect rophoresis o f C o m m o n 
Iguana hemolysa te . 

a) Ge l : 10% P o l y a c r y l a m i d e i n 0.4M T r i s / H C l , p H 8.9; 
Buf fe r : 5 7 m M g lyc ine , 7 . 4 m M T r i s , p H 8.3; Cur r en t : 
4.5 m A per tube . 
b ) D e n a t u r a t i n g e lect rophoresis i n presence o f T r i t o n 
X - 1 0 0 and urea. 

Eluate (m/] 

F i g . 2 . Separa t ion o f the g l o b i n chains o n CM-cel lu lose . 

Sample: 100 m g C o m m o n Iguana g l o b i n i n 10 m / start­
i ng buf fe r , p H 5.0; C o l u m n : C a r b o x y m e t h y l cellulose 
C M - 5 2 , 2.5 χ 17 c m ; S t a r t i ng buf fe r : 2 0 m M s o d i u m 
acetate, 8M urea, 0 . 2 % 2 -mercap toe thano l , p H 5.0; 
Grad i en t : l o g a r i t h m i c , 0 - 0 . 13M N a C l ( 6 0 0 / 8 0 0 ml) 
f o l l o w e d b y a l o g a r i t h m i c gradient generated b y the 
a d d i t i o n o f 5 0 0 ml bu f f e r c o n t a i n i n g 0.3M N a C l ; F l o w -
rate: 40 m / / h ; F rac t ions : 10 m/ /15 m i n . 
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phase h igh-pe r fo rmance l i q u i d c h r o m a t o g r a p h y on 
L i C h r o s o r b RP 2 (7 μ ι η ) c o l u m n (4 .6 χ 2 5 0 m m ) w i t h 
0 .05M a m m o n i u m acetate buf fe r , p H 6, using a gradient 
f r o m 0 t o 6 0 % ace ton i t r i l e . Peptides f r o m the soluble 
f rac t ions were isolated by reversed-phase H P L C on 
L i C h r o s o r b RP 2 c o l u m n s (as above) or on V y d a c RP 18 
TP c o l u m n s w i t h 0.1 % aqueous t r i f l u o r o a c e t i c acid and 
gradients f r o m 0 t o 6 0 % ace ton i t r i l e . C o e l u t i n g pept ides 
were separated b y preparat ive th in - l aye r e lect rophores is . 

Cyanogen bromide cleavage^ 

Reduced α - c h a i n s (1 5 m g ) were cleaved w i t h cyanogen 
b r o m i d e (1 g) in 7 0 % f o r m i c acid for 18 h at r o o m 
tempera tu re i n the da rk . Excess reagent was r emoved 
by evapo ra t i on . The pep t ide C B p I I (pos. 1 2 6 - 1 4 1 ) was 
isolated o n a Sephadex G-50 f ine c o l u m n i n 0.1 Μ 
acetic ac id . 

Amino-acid analysis 

G l o b i n chains and pept ides were h y d r o l y s e d in 5.7M H C l 
at 110 °C fo r 20 h and 2 0 0 h , respect ive ly , and analysed 
o n a B i o t r o n i c M o d e l L C 5 0 0 0 amino-ac id analyser. 
Cyste ine and m e t h i o n i n e were d e t e r m i n e d after per-
f o r m i c acid o x i d a t i o n ^ 1 0 ! , t r y p t o p h a n i n the presence o f 
6% t h i o g l y c o l i c a c i d ^ 1 1 1 . 

Sequence determination 

The sequences o f the chains were d e t e r m i n e d by au to­
mated E d m a n degrada t ion in l i q u i d phase sequena-
t o r s l 1 2 ! ( B e c k m a n In s t rumen t s , models 8 9 0 B and 8 9 0 C ) . 
A Q u a d r o l p rog ram ( 0 . 2 5 M Q u a d r o l ) ! 1 3 ! was appl ied fo r 
degrada t ion o f na t ive in tac t chains and o f lys ine pept ides 
w h i c h had been reacted w i t h reagent I V l 1 4 l . A r g i n i n e 
pept ides , the C - t e r m i n a l cyanogen b r o m i d e pep t ide and 
large h y d r o p h o b i c lys ine pept ides ( reacted w i t h reagent 
ills]) W e r e sequenced using a 3 - ( d i e t h y l a m i n o ) p r o p y n e 
p r o g r a m ^ 1 6 ! . P h e n y l t h i o h y d a n t o i n e derivat ives were 
i d e n t i f i e d b y reversed-phase h i g h pe r fo rmance l i q u i d 
c h r o m a t o g r a p h y i 1 7 l o r b y th in - l aye r c h r o m a t o g -
r a p h y [ 1 3 > 1 5 l 

Results and Discussion 

The red blood cells of the Common Iguana con­
tain at least two hemoglobin components. Poly-
acrylamide-gel electrophoresis of the hemolysate 
reveals two very diffuse bands (Fig. la). Efforts 
to separate the components on cation as well as 
on anion-exchanger columns yielded inhomo-
geneous protein fractions with a high tendency 
for precipitation (data not shown). As indicated 
by these results the hemoglobins of the Com­
mon Iguana show very low stability. Dena­
turating Triton X-100 Polyacrylamide gel elec­
trophoresis of fresh hemolysate (Fig. l b ) re­
solved a1- and β 1-chains. The third band assigned 
Y has not been characterized. An additional 
diffuse zone migrated between a1- and 01-chains. 
Pure a1- and 01-chains were obtained by ion ex­
change chromatography under denaturating 
conditions (Fig. 2). The material in peak X 

gave an inhomogeneous zone in Triton electro­
phoresis. It aggregates on aging. Its N-terminal 
sequence is of j3-type. Peak Y consists of ag­
gregates made of a- and 0-type globin chains 
(as established by N-terminal Edman degrada­
tion of 15 residues). In Triton electrophoresis 
only a portion of this material enters the gel 
giving rise to band Y, while the greater part 
sticks to the top of the gel. It has not been 
further analysed. The complete primary struc­
tures of the α 1-chains and the 01 -chains were 
determined by Edman degradation of the first 
42 N-terminal residues of the native intact 
chains and their tryptic peptides, which were 
aligned by homology. The C-terminal region 
of the a1-chains was overlapped by sequencing 
the corresponding cyanogen bromide peptide. 
The amino-acid compositions are given in 
Tables 2 and 3 of Supplementary Material. The 
complete primary structures of a1- and 01-chains 
are presented in Fig. 3. 

Structural features 
Several of the salt bridges stabilizing the tertiary 
structure of human HbA are absent in the 
globin chains of the Common Iguana. These are 
in the α-chains the bonds between a20 (Bl)His 
and a23 (B4)Glu and between ctfO (Bl l)Glu 
and a50 (CD8)His. In Iguana we find uncharged 
residues: a20 (Bl)Asn, a23 (B4)Ala, a30 (BI1)-
Thr and a50 (CD8)Gln. In the j3-chains the 
bonds between 021 (B3)Asp and 061 (E5)Lys 
and between 026 (B8)Glu and 0116 (G18)His 
are affected. In Iguana 021 (B3)Ala and 0116 
(G18)Ala cannot be involved in salt bridge for­
mation. 
It is known from abnormal human hemoglobins, 
that substitutions of nonpolar amino-acids with 
their side chains placed in the hydrophobic core 
of the molecule against polar or even charged 
residues destabilize the protein. In the Iguana 
0-chain 0112 (G14)Thr, 0134 (H12)Thr and 
especially 0113 (G15)Arg, which has not been 
found in any other globin 0-chain before, 
might have a similar effect. 
As compared to human hemoglobin there is a 
striking number of differences at αϊ—01 bind­
ing sites: 

8 in the α-chains: 
a35 (B16)Ser^Ala, a36 (Cl)Phe->Tyr, od 14 
(GH2)Pro^His, α ϊ 17 (GH5)Phe->Leu, α ϊ 18 
(Hl)Thr->Lys, a l 19 (H2)Pro->Ala, a l22 
(H5)His^Ala and al23 (H6)Ala^Leu. 

6 in the 0-chains: 
030 (B12)Arg-+Cys, 055 (D6)Met^Cys, 0112 
(G14)Cys^Thr, 0116 (G18)His~>Ala, 0125 
(H3)Pro->Ala and 0127 (H5)Gln^His. 



1146 K.P. Rücknagel and G. Braunitzer Vol . 369 (1988) 

NA AB Β 

Hu κ 1 Ser-Pro-Ala Thr-Asn-Val-Lys 12 Ala Lys Gly-Ala-His-Ala-Gly-Glu-Tyr 

Ig Kl V a l - -Leu-Thr-Glu-Asp-Asp-Lys-Asn-His-Ile-Arg^ 

Ig ßl Val-His-Trp-Thr-Ala-Glu-Glu-Lys-Gln-Leu-Ile-Thr-Gln-Val-Trp-Gly-Lys-Ile- -Asp-Val-Ala-Gln-Ile-

Hu β 1 Leu Pro Ser-Ala-Val 12 Ala-Leu Val Asn 20 Asp-Glu-Val 

ΝΑ Α Β 

C CD 

Hu κ 25 Ala Glu 31 Met Ser-Phe Thr 40 Pro 

Ig ocl -Gly-Val-Glu-Ala-Leu-Thr-Arg-Leu-Phe-Leu-^ -Asp-Leu-

Ig ß l -Gly-Gly-Glu-Thr-Leu-Ala-Cys-Leu-Leu-Val-Val-Tyr-Pro-^ 

Hu β Ala Gly-Arg 31 40 Glu-Ser Asp 

C CD 

Ε 

Hu κ Ser-His 51 Val Gly 60 Ala Asn 

Ig Kl -Asn-Pro- -Gly-Ser-Ala-Gln-Ile-Lys-Ala-His-Gly-Lys-Lys-Val-Val-Asp-Ala-Leu-Thr-Gln-

Ig ßl -Ser-Asn-Ala-Ala-Ala-Ile-Cys-Gly-Asn-Ala-Lys-Val-Lys^^ 

Hu β 49 Thr-Pro-Asp Val-Met Pro 60 Gly-Ala 71 Ser 

D Ε 

EF F FG 

Hu κ 70 Ala-His-Val Met Asn 80 Ser-Ala Ser His 90 

Ig ocl -Ala-Val-Asn-Asn^Leu-Asp-Asp-Ile-Pro-Asp-Ala-Leu-Ala-Lys-

Ig ß l -Ala-Val-Lys-Asn-Leu-Asp-Asn-Ile-Lys-Asp-Thr-Phe-Ala-Lys-Leu-Ser-Glu-Leu 

Hu β -Gly-Leu-Ala-His 80 Leu Gly Thr 90 

EF F FG 

G GH Η 

Hu κ Lys 100 Ser Leu Leu 110 Leu-Pro-Ala-Glu-Phe-Thr-

Ig Kl -Asp-Pro-Val-Asn-Phe-Gly-Leu-Leu-Gly-His-Cys 

Ig ßl -Asp-Pro-Val-Asn-Phe-Arg-Leu-Leu-Gly-Asn-Val-Met -n 
Hu β 100 Glu 109 Leu-Val-Cys-Val His 120 Glu 

G GH Η 

HC 

Hu κ -Pro-Ala 121 His-Ala Leu 129 Ala-Ser Ser-Thr-Val Thr-Ser-Lys 140 

Ig Kl -Ala-Asp-Val-Ala-Leu-Ser-Met-Asp-Lys-Phe-Leu-Thr-Lys-Val-Ala-Lys-Thr-Leu-Val-Ala-His-Tyr-Arg 

Ig ßl - P r o - A l a - C y s - H i s - A l a - A l a - P h e - G l n ^ 

Hu β Pro-Val-Gln Tyr 131 Val-Val-Ala-Gly Asn 140 His-Lys 

HC 

Fig . 3. A m i n o - a c i d sequences o f the α 1 - and /^-chains f r o m C o m m o n Iguana (Iguana iguana) h e m o g l o b i n ( I g ) . 

The sequences are h o m o l o g o u s l y a l igned w i t h those o f adu l t h u m a n h e m o g l o b i n ( H u ) s h o w i n g o n l y subs t i tu t ed 
residues f r o m the la t te r . Bars ind ica te he l ica l regions. 
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The large number and the nature of these substi­
tutions show clearly that the system of bonds 
and contacts which stabilizes the αϊ— (31 dimers 
in Iguana hemoglobin differs greatly from that 
in the human hemoglobin model. 
Substitutions at the a l — 02 interface have a 
larger influence on the oxygen-binding charac­
teristics of hemoglobin. Two amino-acid sub­
stitutions at a l - 0 2 binding sites are found in 
the globin chains of the Common Iguana: 

a38 (C3)Thr-*Ala, a44 (CD2)Pro-+Ala, 042 
(CD2)Glu^Pro and 0101 (G3)Glu-*Val. 

In the human hemoglobin model a38 Thr makes 
one hydrogen bond to the 02 subunit in the 
deoxy structure but two hydrogen bonds in 
the oxy structure: Replacement of the polar 
threonine by alanine should lead to a relative 
destabilisation of the high-affinity form of the 
hemoglobin. 043 (CD2)Glu forms a salt bridge 
with a92 (FG4)Arg in human hemoglobin. 043 
Pro therefore, cannot contribute to the stabili­
sation of the a l -02 interaction in the hemo­
globin of the Common Iguana. 
It has been shown on abnormal human hemo­
globins that substitution of 0101 Glu results in 
altered functional properties due to the different 
charge or size of the side chain of the substi-
tuent 1 1 8 1 . 
Two of the histidine residues which have been 
reported to be involved in the alkaline Bohr 
effect 1 1 9 ' 2 0 1 in human Hb are replaced in the 
globin chains of the Common Iguana: a l22 
(H5)His->Ala and 0143 (H21)His~>Arg. I t is 
unclear which amino acids are responsible for 
an alkaline Bohr effect of the hemoglobin of 
the Common Iguana 1 2 1 1 which is comparable to 
that of human HbA. The temperature independ­
ence of the alkaline Bohr effect of pig hemo­
globin has been explained by a decrease of the 
p^-value of a l (NAl)Val due to the vicinity of 
a l31 (H14)Asn (in contrast t o a l 3 1 (H14)Ser 
in human Hb) in the deoxyform which prevents 
the oxygenation-dependent chloride binding 
between the a l and a2 subunits 1 2 2 1. a l31 
(H14)Lys in the hemoglobin of the Common 
Iguana should decrease the pK of 01 Val to an 
even greater extent and might thus be responsible 
for the temperature-independent alkaline Bohr 
effect observed in this hemoglobin 1 2 1 1. 

Allosteric control 
In most vertebrates the oxygen affinity of 
hemoglobin is modulated and controlled by 
organic phosphate compounds 1 2 3 , 2 4 1 . In 
Squamata usually ATP is found as the major 
intraerythrocytic phosphate. Only in Crocodiles 

Table 1. Binding-sites of heterotropic allosteric effec-
l o r s[2S,27~29). 

ITfcktor NA1 NA2 El 6 H13 H17 H21 H22 
01 ß2 082 0135 0139 0143 0144 

H C 0 3 Ac-Ala Lys _ - - Glu 
2,3-DPG Val His Lys - - His -
IPP Val His Lys Arg His Arg -
ATP, GTP Val Glu Lys _ Arg -

Iguana Val His Lys Gly His Arg Arg 

hydrogen-carbonate ions act as allosteric effec­
tors instead of phosphates^25 ,261. As can be seen 
from Table 1, in the 0-chain of the Common 
Iguana all the prerequisits for the binding of 
ATP are fullfilled. 02 (NA2)His can function as 
hydrogen bond acceptor, contributing to ATP-
binding, and in contrast to Glu, to the binding 
of DPG as well. We suppose that the oxygen 
affinity of the hemoglobin of the Common 
Iguana is allosterically controlled by ATP and 
expect that DPG, i f present in the erythrocytes, 
will create a similar effect. 

Evolutionary aspects 
Comparison of the sequence data from Com­
mon Iguana hemoglobin with those of other 
reptiles gives some results of interest. From our 
present knowledge of phylogenetic relationships 
we would have expected a significant homology 
with snake hemoglobin since Sauria and Ser-
pentes both belong to the order of Squamata. 
However the α-globin chains of the Common 
Iguana only show 53% identity with those of 
the viper t 4 1 . This value does not differ very 
much from the values found when comparing 
Common Iguana α-globin chains with those of 
turtles 1 3 0 1 (49-52% identity) and crocodiles 1 3 1 1 

(53-55% identity). Almost the same degree 
of identity exists between Iguana α-chains and 
those of mammals or birds 1 3 2 1 . Unfortunately 
up to now no sequences of 0-globin chains from 
snakes are available. Compared with other 
0-chains those of the Common Iguana show 
more similarity with turtle and bird 0-chains 
than with those of mammals or crocodiles. I t is 
unclear whether this reflects the manifestation 
of similar functional properties of the hemo­
globin molecule rather than closer phylogenetic 
relationships. More sequences of hemoglobins 
from Sauria and Serpentes will be needed in 
order to decide whether the large difference 
mentioned above can be interpreted as an indi­
cation towards a very early branching of Sauria 
and Serpentes, and i f the assumption of a 
monophyletic origin of the two suborders is 
correct. 
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Supplementary Material Table 2. Iguana iguana: α - cha in s . a) Amino acid composition o f tryptic peptides: 

Pos. 
T p l 
1-7 

Tp2 
8-11 

Tp3/4 
12-31 

Tp5 
32-40 

Tp6 
41-56 

Tp7 
57-60 

Tp8 
61 

Tp9a 
62-82 

(*) 

Asx 2 .09 1.04 2.81 2 .03 5. 66 ( 6 ) 
T h r 0 .89 0.94 0. 97 0 .93 1. 02 

( 6 ) 
S e r 0 .84 
G l x 1 .03 1.96 1 .04 1. 08 
Pro 0.92 1. 04 0 .97 1. 07 
G l y 2.50 ( 2 ) 1 .14 1. 14 
A l a 2.77 ( 3 ) 1. 99 2 .02 0. 84 3. 84 
V a l 0, .79 1.67 ( 2 ) 2. 30 ( 3 ) 
Met 
H e 0.92 0.84 0 .91 0. 94 
Leu 1, .16 1.02 2. 05 1 .11 3. 25 
T y r 0. 93 0 .92 
Phe 1.12 1. 03 1 .91 
L y s 1. .04 1. 04 1 .09 1. 01 1.00 1. 12 
H i s 1.01 1.20 1 .10 1. 02 
Arg 1.03 1.26 
Cys 
T r p ( 1 ) 
Sum 7 4 20 9 16 4 1 21 
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Tp9b TplO T p l l / 1 2 a T p l 2 b T p l 3 a T p l 3 b T p l 3 c / 1 4 
Pos. 83-90 91-92 93-118 119-127 128-131 132-134 135-141 

Asx 1.00 2 .87 1 94 
T h r 0 .94 0.94 0 93 
S e r 0 88 
G l x 1.03 
Pro 2 .29 
G l y 3 .03 
A l a 1.78 2 .02 1 90 1.01 1 07 
V a l 2 .82 0 93 0.85 1 00 
Met 1 01 
H e 1 .85 
Leu 2.15 0.87 4 .11 1 22 1.09 1 18 
T y r 0 88 
Phe 1 .03 0.93 
L y s 1.06 1 .09 1 13 1.04 1.14 
H i s 0.98 2 .87 1 .03 
Arg 1.12 0 .91 
Cys 1 .09 
T r p 

Sum 8 2 26 9 4 3 7 

(*) Val-Val-bonds were not cleaved quantitatively during 20 h hydrolysis. 
Met and Cys determined after performic acid oxidation. 
Numbers in parentheses denote amino-acid residues found during sequencing. 

b) Amino acid composition o f the di t rypt ic peptide Tp8/9a, 
the cyanogen peptide (CBpII) and the intact chains. 

Pos . 
Tp8/9a 
61-82 

C B p I I 
126-141 

G l o b i n 
1-141 

Asx 5. 79 ( 6 ) 1.42 ( 1 ) 18 .45 ( 20) 
T h r 0. 97 1.71 7 .56 ( 8) 
S e r 2 .17 ( 2) 
G l x 1. 16 6 .53 ( 6) 
Pro 1. 06 5 .25 ( 6) 
G l y 7 .39 ( 7) 
A l a 3. 94 2.08 18 .55 ( 20) 
V a l 2. 45 ( 3 ) ( * ) 1.99 11 .94 ( 12) 
Met 

45 ( 3 ) ( * ) 
0 .78 ( 1) 

H e 0. 97 5 .97 ( 6) 
L e u 3. 00 2.16 17 .08 ( 18) 
T y r 0.86 2 .84 ( 3) 
Phe 0.98 5 .66 ( 6) 
L y s 2. 13 2.64 ( 3 ) 11 .02 ( 11) 
H i s 1.22 8 .59 ( 9) 
Arg 0.94 4 .03 ( 4) 
Cys 1 .45 ( 1) 
T r p 0 .62 ( 1) 

Sum 22 16 141 

(*) Val-Val-bond was not cleaved quantitatively during 
20 h hydrolysis. 
Met and Cys determined after performic acid oxidation. 
Numbers in parentheses denote amino-acid residues 
found during sequencing. 
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Table 3. Iguana iguana: /r-chains. 

a) Amino-acid composition o f tryptic peptides: 

Tpl Tp2 Tp3/4 Tp5 Tp6 Tp7 
Pos. 1-8 9-17 18-40 41 -59 6C )-61 62-65 

Asx 1.36 (1) 3. 88 
Thr 1.03 0.98 1 .85 
Ser 0. 69 (1) 
Glx 2.02 1.99 2.85 

69 (1) 

Pro 1.13 0. 97 
Gly 1.19 2.27 2. 13 1. 04 
Ala 1.10 2.52 (2) 3. 72 (4) 1. 00 
Val 0.78 (1) 0.92 2.42 (3) 1. 03 
Met 
H e 0.93 1.56 (2) 0. 93 
Leu 1.08 2.95 1. 27 
Tyr 0.80 
Phe 2. 82 
Lys 1.08 1.02 1. 15 0. 97 1. 02 
His 1.29 (1) 0. 95 
Arg 

(1) 
0.80 

Cys 1.12 1. 16 
Trp (1) (1) (1) 
Sum 8 9 23 19 2 4 

Tp8 Tp9a (*) Tp9b TplOa TplO/11 Tpl 2a 
Pos. 66 67-76 77-82 83-87 88-104 105-113 

Asx 0.98 2.84 0. 86 2 95 1 08 
Thr 0.86 1. 05 1 03 
Ser 0.92 0. 83 
Glx 0. 97 
Pro 0. 94 
Gly 1.29 (1) 1 05 
Ala 1.09 1. 14 
Val 1.77 2. 16 1 06 
Met 0 80 
l i e 0.96 0 94 
Leu 1.05 1.06 2. 98 2 01 
Tyr 
Phe 1.04 0. 99 1. 23 
Lys 1.00 1.39 (1) 1.14 0. 97 1. 28 (1) 
His 1. 79 
Arg 0. 93 1. 04 
Cys 0. 95 
Trp 

Sum 1 10 6 5 17 9 

Met and Cys determined after performic acid oxidation. 
Numbers in parentheses denote amino-acid residues found during sequencing. 

b) Amino acid composition o f t ryptic peptides (continued) and o f the intact chains: 

Pos. 
Tpl 2b 
105-113 

T p l 3 
121-132 

T p l 4 a 
133-143 

Tpl4b 
144 

Tpl 5 
145-146 

Globin 
1-146 

Asx 0 .96 14 .87 (15) 
Thr 0 .98 1 .08 8 .85 ( 9) 
Ser 3 .36 ( 3) 
Glx 1 .09 8 .83 C 9) 
Pro 0 .90 3 .99 ( 4) 
Gly 0 99 1 .14 10 .10 (10) 
Ala 1 90 2 .85 3 .72 (4) 18 .26 (19) 
Val 0 .98 11 .78 (12) 
Met 0 .98 ( i ) 
H e 5 .65 ( 6) 
Leu 1 07 2 .04 15 .20 (15) 
Tyr 1.02 2 .13 ( 2) 
Phe 0 96 2 .01 8 .38 ( 9) 
Lys 1 03 1 .12 12 .58 (12) 
His 1 04 1 .07 1 .07 0.98 9 .26 ( 8) 
Arg 0 .95 1.00 5 .44 ( 5) 
Cys 1 .11 3 .04 ( 4) 
Trp 2 .58 ( 3) 

Sum 7 12 11 1 2 146 

Met and Cys determined after performic acid oxidation. 
Numbers in parentheses denote amino-acid residues found during sequencing. 


