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ABSTRACT. The Brazilian Testudinidae family is widespread 

across South America. It includes Chelonoidis denticulatus, the 
largest tortoise in South America and Chelonoidis carbonarius, found 

mostly in the north and northwestern part of the continent. Using 
hemoglobin to identify species is cheaper than other methods such as 
DNA sequencing and can offer useful information, since the 

hemoglobin molecule is a well-preserved protein chain during the 
evolution of species. Thus, in order to establish a hemoglobin profile 
for the Brazilian Testudinidae C. denticulatus, C. carbonarius and 

morphotype 1, hemoglobin electrophoresis was performed at acid pH 
in phosphate agar and at alkaline pH in cellulose acetate, in order to 

visualize the specific fractions of each species. High performance 
liquid chromatography was used for the quantification of fractions. 

http://dx.doi.org/10.4238/gmr18977


©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 21 (3): gmr18977 

 
 

 

 

 
 

 

 

T.L. Silva
  
et al.                                                                          2 

 

For an in-depth analysis and better detailing of the hemoglobin 
profile of the species, polypeptide chain electrophoresis was 
performed at acid and alkaline pH. We observed differences in the 

hemoglobin profiles of C. denticulatus in relation to C. carbonarius 
and morphotype 1, which suggests that this methodology, not 
common in taxonomic studies, can help determine relationships 

between species, since hemoglobins are proteins with well-preserved 
genes. We found differences in hemoglobin mobility between C. 
denticulatus, C. carbonarius and morphotype 1 in electrophoresis at 

alkaline pH, however, the behavior of globin chains was similar 
between the three groups. High performance liquid chromatography 

showed different retention times in the globin fractions of C. 
denticulatus and C. carbonarius, but not between C. carbonarius and 
morphotype 1, indicating that, possibly, the divergence time between 

C. carbonarius and morphotype 1 is more recent than the divergence 
between C. denticulatus and C. carbonarius, due to the highly 
conserved character of this functional protein. Thus, considering the 

high degree of conservation of hemoglobins in vertebrates, and the 
differences observed in electrophoresis at alkaline pH and HPLC, we 

infer that C. carbonarius and morphotype 1 present a common 
branch. 
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INTRODUCTION 
 

The Testudinidae family, whose representatives are popularly known as tortoises, is 
an important group for genetic and taxonomic studies, mainly due to its phylogenetic 
history, which carries unique characteristics that were conserved during evolution. (Shafter, 

2009). The species are terrestrial, including more than 200 fossils and nearly 40 living 
species. (Auffenberg, 1974; Pough et al., 2001). In Brazil there are currently two species, 

Chelonoidis denticulatus (Testudinidae), popularly known as “jabuti-tinga”, and 
Chelonoidis carbonarius (Testudinidae), or “jabuti-piranga”. These species seem alike 
regarding some aspects, as body size, diet and behavior. However, some authors have 

reported some distinct patterns for C. carbonarius as well as populations with divergent 
mitochondrial DNA haplotypes (Vargas-Ramírez et al., 2010; Silva et al., 2011). 

C. denticulatus is considered the largest chelonian in South America; it has yellow 

scales in the cephalic region and locomotive limbs. C. carbonarius is commonly found in 
Savanna regions in Venezuela, Colombia, Suriname, Guianas, French Guiana, Bolivia, 

Paraguay, Argentina, Caribe, Venezuela, and Brazil. Their most common color pattern in 
the head and locomotive limbs is red. There are also some differences related to the shape 
of the scales in the cephalic region. (Pritchard, 1979; Pritchard and Trebbau, 1984)  

Based in morphological and cytogenetic analysis from animals found captive on the 
countryside of São Paulo state, Silva (2011) observed a tortoise morphotype, which 
diverged from usual patterns of C. denticulatus and C. carbonarius. While C. denticulatus 

has yellow scales in the cephalic region and locomotive limbs This morphotype, firstly 
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denominated morphotype 1, differentiates by the nasal scales pattern, color of the cephalic 
region and dermal scales from locomotive limbs, whose color is orange and have 
intermediate size between C. denticulatus and C. carbonarius. Those reports question the 

current idea that the morphotypes are considered as C. carbonarius and they correspond to a 
single taxonomic unity. 

 

 
Figure 1. Patterns and colors of the cephalic region scales. A – Chelonoidis denticulatus, B. Chelonoidis 

carbonarius. C – Morphotype 1. 

 
In order to elucidate taxonomic aspects, researchers constantly perform studies with 

morphological and molecular data. An example of a taxonomical study that is not mainly 

performed consists in the establishment of a hemoglobin profile (Hb) as a taxonomical 
parameter, due to the conservation degree of the globin in vertebrates. The used 

methodology to establish this profile represents an economic option to taxonomic studies 
and DNA analysis, as any alterations in the run pattern and profile of the hemoglobin 
fractions can represent significant changes in the molecule, which can be later compared to 

other species individuals and help us trace its phylogenetic relationship. (Dessauer et al., 
1957; Bonini-Domingos et al., 2007; Bonini-Domingos; Oliveira, 2017). Hemoglobins are 
homologous proteins with marked heterogeneity, which makes evolutionarily close species 

show similarities in the profile, what can be used as an indicator of phylogenetic 
relationship. (Dessauer et al., 1957).  

This work aimed to evaluate the profile of hemoglobin fractions in C. denticulatus, 
C. carbonarius and morphotype 1 by determining the pattern of electrophoretic and globin 
migration in alkaline and acid pH. We also quantified the fractions using high performance 

liquid chromatography (HPLC) in order to explore the discriminative potential of these 
techniques as a method of taxonomic study, which is not common in literature. 
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MATERIAL AND METHODS 

Sample collection 
 

The animals in this study were collected from the City Zoo of São José do Rio Preto 
and City Zoo “Dr. Flávio Leite Ribeiro” of Araçatuba, both in Sao Paulo state. The species 
were distinguished based on morphological characteristics found in the literature (Pritchard; 

Trebbau, 1984; Silva, 2011). Whole blood samples from 30 animals (1mL) were collected 
from the occipital vein according to Silva et al. (2012), this being 5 male and 5 female of 
each group (C. carbonarius, C. denticulatus and the morphotype) which were identified by 

using morphological patterns according to the literature. The collected samples were stored 
in tubes containing heparin as anticoagulant and put into cold temperature (approximately 

5ºC) until use in order to avoid any degradation. Due to its fast anticoagulant action, and its 
high speed of dimerization, which enables degradation, all analysis were performed less 
than 24 hours after sampling. The sampling and the study are in accordance with the ethical 

standards in animal experimentation approved by the CEEA-Ibilce/UNESP (number 
037/11) and also was approved by the Brazilian Institute of Environment and Renewable 
Natural Resources (Ibama/SISBIO – Number 19514-1). 

Hemoglobin profile 
 

The whole blood samples were washed and centrifuged with saline solution, for 
plasma removal and obtaining red blood cells. This concentrate was then lysed with distilled 

water and the total product purified with chloroform to obtain hemoglobin solution (Hb). 
With the hemoglobin solution, electrophoresis were performed at acid pH (6,2) in phosphate 
agar gel (Vella, 1968) and at alkaline pH (8,6) in cellulose acetate (Marengo; Rowe, 1965). 

For the polypeptide chain analysis, we used the globin electrophoresis, after preparation 
with urea and 2-mercaptoethanol, at acid pH in polyacrylamide gel (Alter et al., 1980, 
modified by Bonini-Domingos, 2006) and at alkaline pH in cellulose acetate (Schneider, 

1974), modified by Bonini-Domingos, (2006) and Bonini-Domingos and Oliveira (2017). 
In the execution of electrophoresis, the use of a known pattern is common, allowing 

the comparison of the samples under study, however, the migration pattern of tortoise 

hemoglobin is unknown. Thus, a human blood sample with Hb AS pattern was used. The 
choice of the Hb AS pattern was based in the already known standardization and isoeletric 

point from this hemoglobin common in humans. An aliquot (5μL) of the total blood samples 
was submitted to high performance liquid chromatography for quantification of globin 
fractions with the equipment VARIANT from BIO-RAD with an specific kit for 

hemoglobin analysis. The use of this kit was due to the lack of specific reagents for tortoise 
hemoglobins and ease in obtaining a qualitative and quantitative profile of hemoglobins. 

RESULTS 
 
The Hb profile obtained by electrophoresis at alkaline pH shows the presence of 

majority and minority fractions. In the electrophoresis at alkaline pH in cellulose acetate 

(Figure 2) for Samples of C. denticulatus, we found four globin fractions, two of which 
were the majority (F1 and F2). The F1 fraction was found in the lower part of the cellulose 
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acetate tape, below the fraction corresponding to the Hb S of the pattern, while the F2 fraction 

was visualized at the top of the cellulose acetate tape, above the fraction corresponding to Hb A. 

In C. carbonarius, we observed the formation of five different fractions, two of them 

predominant, named F1 and F2 (Figure 2). The F1 fraction appears below the Hb S position, 

while the F2 fraction is above the position of Hb A, a pattern similar to that visualized for 

morphotype 1 corresponding to Hb A. 

For C. denticulatus, the electrophoresis at acid pH in agar-phosphate gel showed two 

major fractions, both above the Hb S position, one of which (F1) was located in the Hb A 

position and the other above this fraction (F2). In C. carbonarius, we also observed two major 

fractions, and the Fraction F1 is located similar to the position of Hb S and fraction F2, slightly 

above the position of Hb A. For morphotype 1, we noticed the presence of two majority 

fractions, similar to the profile of C. carbonarius (Figure 3). 

 
Figure 2. Hemoglobin electrophoresis at alkaline pH in cellulose acetate. (A) Model with the representation of 

electrophoretic running patterns for human standard Hb AS, Chelonoidis denticulatus, Chelonoidis carbonarius 

and morphotype 1. (B) Cellulose acetate tapes showing electrophoretic running patterns for human standard Hb 

AS and male and female specimens of C. denticulatus, C. carbonarius and morphotype 1. AS - Heterozygous 

pattern for sickle cell anemia; Cd - C. denticulatus; Cc - C. carbonarius; Cc* - Morphotype 1. 

 
Figure 3. Hemoglobin electrophoresis at acid pH in Agar-phosphate gel. (A) Model with the representation of 

electrophoretic running patterns for human standard Hb AS, Chelonoidis  denticulatus, C. carbonarius and 

Morphotype 1(B) Electrophoretic running patterns for human standard Hb AS and male and female specimens of 

C. denticulatus, C. carbonarius and morphotype 1. Cd – C. denticulatus; Cc – C. carbonarius; Cc* - Morphotype 

1. Source: Prepared by the author. 
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The chromatographic profile of C. denticulatus presented four peaks, one majority 
peak and three smaller peaks, while for C. carbonarius and morphotype 1, we observed 
similar chromatographic profiles, composed of five peaks, one majority and four minority. 

It can be verified that the majority fraction of C. denticulatus, C. carbonarius and 
morphotype 1 have retention time interval of 4.5 to 5.5 minutes and percentage value of 
68.4%, 60.4% and 54.2%, respectively. 

The chromatographic profile shown different graphics as show in Figure 4. 
 

 
Figure 4. Chromatogram with Hb profile, obtained from whole blood samples. A) Chelonoidis denticulatus B) 

Chelonoidis carbonarius and C) Morphotype 1, showing the peaks patterns of each group. Equipment used - 

HPLC - VARIANT (BIORAD), with ion exchange columns and phosphate buffer system. 

 
In order to verify which globin components are involved in the formation of 

functional molecules, we performed electrophoresis of polypeptide chains in acid pH, and 

the electrophoretic profile of the three groups presented several globin patterns, three major 
fractions (identified as F1, F2 and F3) and three smaller subfractions (Figure 5). The two 

subfractions, located in the upper part of the polyacrylamide gel, were more evident in C. 
carbonarius and morphotype 1 when compared to the profile of C. denticulatus. Regarding 
the profile for the pattern (Hb AS), the fractions and subfractions of the three groups 

migrated above the position of the αA human chain, and the fraction was identified by F3, 
with migration similar to that of the betaA human chain. We did not observe a distinction in 
the hemoglobin profile between males and females of C. carbonarius and morphotype 1, 

only for C. denticulatus, however, as there is no reference in the literature that discusses the 
factors associated with this difference found, these results should be better investigated. 

In the electrophoretic profile at alkaline pH, for both species and for morphotype, 

the globinic chains migrated forming two bands (Figure 6), with the upper band positioned 
above the position of the betaA human chain of the control, and the lower band positioned 

between alfaA and betaA of the control. The bands of C. denticulatus were more defined in 
comparison with the other groups; the lower band of C. carbonarius showed to be the 
majority fraction, while for the morphotype, the upper band presented as the majority band. 

 

A B C 
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Figure 5. Schematic representation and photos of electrophoresis gels of polypeptide chains in acid pH. a) 

Females, b) Males. Human Hb AS Standard. Cd - Chelonoidis denticulatus; Cc - Chelonoidis carbonarius; Cc* - 

Morphotype 1. 

 

 
Figure 6. Scheme and photos of electrophoresis tapes of polypeptide chains at alkaline pH. a) Males, b) Females. 

Human Hb AS Standard. Cd - Chelonoidis denticulatus; Cc - Chelonoidis carbonarius; Cc* - Morphotype 1. 

 

Male specimens of C. denticulatus presented an additional band when compared to 
females of the same species, located below the upper band. This difference between males 
and females for the migration pattern of a specific globin should be further investigated to 

reinforce the hypothesis of a possible sexual dimorphism for globin chains in this species. 

DISCUSSION 
 
According to Melo et al. (2003), C. denticulatus and C. carbonarius present two 

hemoglobin components, Hb A and Hb D, and in chromatographic studies conducted with 
Geochelone gigantea, two peaks were detected, with the majority component represented 

by Hb A, and minority by Hb D (Shishikura and Takami, 2001). We believe that the 
majority and minority components correspond to the profile observed by the researchers, 
however, with greater resolution, due to the refinement of the methodologies applied in the 

present study. 
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Although the literature shows that C. denticulatus and C. carbonarius have two 
hemoglobin components, it is evident the difference in the chromatographic profile of the 
two species (Figure 3A and B), and this difference may be due to some characteristics of the 

hemoglobin molecule, such as electrical load, size, and affinity of protein binding, resulting 
in a different chromatographic behavior for the species (Nelson; Cox, 2011). 

The similarity of the chromatographic profiles of C. carbonarius and morphotype 1 

suggests a high degree of conservation of this functional protein, and this may be due to the 
high degree of conservation of hemoglobin in vertebrates, evidenced by its use as an object 
of evolutionary studies in vertebrates (Petruzzelli et al., 1996). 

The differentiation obtained through the chromatographic profile between C. 
carbonarius and morphotype 1 in relation to C. denticulatus validates the technique as an 

additional method for elucidating taxonomic issues in Testudinidae. The use of additional 
tools to the taxonomy of the group allows better characterization of species and populations, 
enabling the identification of possible units of evolutionary significance. In addition to the 

advantages mentioned above, we highlight the resolution for differentiation of hemoglobin 
profile in tortoise species, in addition to the low cost and speed, when compared with 
molecular biology techniques. 

Reptiles have two or more major components of Hb and other smaller components 
with different mobility. In C. carbonarius and C. denticulatus, Hb A, composed of two αA 

chains and two β chains, and Hb D, consisting of two αD and two β chains, which exhibit 
intrinsic affinity to oxygen and low sensitivity for alllosteric effects, are most often 
modulated by the decrease in pH. ΑD chains, also found in birds, snakes and lizards, are 

considered embryonic Hb that persist in adulthood, giving these animals a high oxygen 
uptake capacity (Rücknagel et al., 1984; Rücknagel and Braunitzer, 1988; Fushitani et al., 
1996; Melo et al., 2003). 

The establishment of the hemoglobin profile of the species C. denticulatus, C. 
carbonarius, and morphotype 1, allowed the observation of differences in hemoglobin 
motility between the species C. denticulatus and C. carbonarius, two species known to be 

distinct, which demonstrates that the technique used in this study can be used for phylogeny 
studies, together with other methodologies. The results demonstrated here are unpublished 

in the literature, and therefore contribute to greater knowledge about the species addressed. 

CONCLUSIONS 
 

The chromatographic and electrophoretic profile of C. carbonarius and morphotype 
1 were similar, indicating that, in relation to the hemoglobin profile, morphotype 1 presents 

a common ancestor to C. carbonarius. The chromatographic profile of C. denticulatus 
showed to be different from the other groups, indicating that this methodology has potential 

as a tool in taxonomic studies. The migration of C. denticulatus globins differs between 
males and females, indicating a possible sexual dimorphism. High performance liquid 
chromatography showed different retention times in the globin fractions of C. denticulatus 

and C. carbonarius, but not between C. carbonarius and morphotype 1. 

ACKNOWLEDGMENTS 
 

The authors are indebted to the Universidade Estadual Paulista “Julio de Mesquita 

Filho” (UNESP, Brazil), the Foundation for the Support of the Scientific and Technological 



Genetics and Molecular Research 21 (3): gmr18977 

 

©FUNPEC-RP www.funpecrp.com.br 

 
 

 

 

 
 

 

Hemoglobin in turtles for taxonomic studies                                                      9 

 
 

Research of São Paulo (FAPESP), the Brazilian Council for Scientific and Technological 
Development (CNPq), and the Foundation for the Support of the Scientific and 
Technological Research of Acre (FAPAC) for funding and scholarships. 

CONFLICTS OF INTEREST 
 

The authors declare no conflict of interest. 

REFERENCES 
 

Alter BP, Goff SC, Efremov GD, Gravely, ME, et al. (1980). Globin chain electrophoresis: a new approach to the 

determination of the Gγ/Aγ ratio in fetal haemoglobin and to studies of globin synthesis. Br. J.Haematol. 44(4): 

527-532. 

Auffenberg W (1974). Checklist of fossil land tortoises (Testudinidae). Bulletin of the Florida State Museum. Biol. Sci. 

18: 121-251. 

Bonini-Domingos CR (2006). Metodologias Laboratoriais para o Diagnóstico de Hemoglobinopatias e Talassemias. 1st 

edn. HN Editora, São José do Rio Preto. 

Bonini-Domingos CR, Silva MB, Romero RM, Zamaro PJA, et al. (2007). Description of electrophoretic and 

chromatographic hemoglobin profile of Rhinoclemmys punctularia. Genet. Mol. Res. 6(2): 415-421. 

Bonini-Domingos CR and Oliveira C (org.) (2017). Phrynops geoffroanus: pesquisa no Brasil. 1st edn. HN Editora, São 

José do Rio Preto. 

Dessauer HC, Fox W and Ramirez JR (1957). Preliminary attempt to correlate paper-electrophoretic migration of 

hemoglobins with phylogeny in Amphibia and Reptilia. Arch. Biochem. Biophys. 71: 11-16. 

Fushitani K, Higashiyama K, Moriyama EN, Imai K, et al. (1996). The amino acid sequences of two alpha chains of 

hemoglobins from Komodo dragon Varanus komodoensis and phylogenetic relationships of amniotes. Mol. Biol. 

Evol. 13(7): 1039-1043. 

Marengo-Rowe AJ (1965). Rapid electrophoresis and quantitation of haemoglobin on cellulose acetate. J. Clin. Pathol. 

18: 790-792. 

Melo MB, Bordin S, Duarte ASS, Ogo SH, et al. (2003). Molecular characterization of hemoglobin a-D chains from 

Geochelone carbonaria and Geochelone denticulata land turtles. Comparative Biochemistry and Physiology Part 

B, 134(2): 389-395. 

Nelson DL and Cox MM (2011). Princípios de Bioquímica de Lehninger. 5th edn. Artmed, Porto Alegre. 

Petruzzelli R, Aureli G, Amalia L, Antonio G, et al. (1996). Diving behaviour and haemoglobin function: the primary 

structure of the α and β-chains of the sea turtle (Caretta caretta) and its functional implications. Biochem. J. 316: 

959-965. 

Pough FH, Andrews RM, Cadle JE, Crump ML, et al. (2001). Herpetology. Prentice-Hall, Newark. 

Pritchard PCH and Trebbau P (1984). The Turtles of Venezuela. Society for the Study of Amphibians and Reptiles. 

Rücknagel KP and Braunitzer G (1988). Hemoglobins of reptiles. The primary structure of the major and minor 

hemoglobin component of adult Western Painted Turtle (Chrysemys picta bellii). Biol. Chem. 369(2): 123-131. 

Rücknagel KP, Reischl E and Braunitzer G (1984). Hämoglobine der Reptilian. Expression von αD - Genen bei 

Schildkröten, Chrysemys picta bellii und Phrynops hilarii (Testudines). Physiol. Chem. 365(2): 1163-1171. 

Schneider RG (1974). Differentiation of eletrophoretically hemoglobins - such as S, D, G and P or A2, C, E, and O by 

electrophoresis of the globin chains. Clin. Chem. 20(9): 1111-1115.  

Shafter HB (2009). Turtles (Testudines). In: The Timetree of Life (Hedges SB, Kumar S, eds). Oxford University Press, 

New York. 

Shishikura F and Takami K (2001). The Amino Acid Sequences of the α- and β-Globin Chains of Hemoglobin from the 

Aldabra Giant Tortoises, Geochelone gigantea. Zool. Sci. 18(4): 515-526. 

Silva TL, Silva MIA, Venancio LPR, Zago CES, et al. (2011). Simple method for culture of peripheral blood 

lymphocytes of Testudinidae. Genet. Mol. Res. 10(4): 3020-3025. 

Silva TL, Silva MIA, Venancio LPR, Zago CES, Moschetta VAG, et al. (2012). Blood Sampling in Testudinidae and 

Chelidae. Herpetol. Rev. 43(1): 64-65. 

Vargas-Ramírez M, Maran J and Fritz U (2010). Red and yellow-footed tortoises, Chelonoidis carbonaria and C. 

denticulata (Reptilia: Testudines: Testudinidae), in South American savannahs and forests: do their 

phylogeographies reflect distinct habitats? Org. Divers. Evol. 10(2): 61-172. 

Vella F (1968). Acid agar gel electrophoresis of human hemoglobins. Am. J. Clin. Pathol. 49(3): 440-442. 


