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XHMEIA.— The amino acid composition of the hemoglobin of the
turtle Emys Caspica !, 4y John G. Georgatsos*. “Avexowddn 0x0
10D % Iewoy. Twaxelpoyhov.

Our knowledge of the amino acid composition of the hemoglobins in
cold blooded animals is comparatively poor. This paper deals with the
amino acid composition of hemoglobin in the fresh water turtle Zmys

caspica.

EXPERIMENTAL

Preparation of globin. The turtles were decapitated, and the blood was
collected in one tenth volume 0.2 M sodium citrate. The red cells were se-
parated by centrifugation, washed three times with physiological saline
and hemolyzed by twice their volume with distilled water. The nuclear
material was separated out by centrifugation, and the supernatant from
the hemolysis was cooled at O°C. The globin was precipitated by adding
the cooled hemoglobin solution into twenty volumes of cold acid acetone
according to the method of ROSSI- FANELLI et al (1).

Hydrolysis. The globin was hydrolyzed with 6 N hydrochloric acid
either under refluxing for twelve hours, or in a sealed tube at 105-110°C
for 24 hours.

Y (Department of Biochemisty of the Aristotelian University, Thessaloniki, Greece. Director :
Prof. A. Christomanos).

* [2ANN. TEQPTATEOY, *AvéAvclg taiv &uivoléav tig aipespaipivng tiis vepoxsidvng (Emys
Caspica).
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Chromatography. Two dimensional ascending paper chromatography
on Whatman No. 1 filter paper was used for the identification and quan-
titative estimation of the amino acid content of the hydrolysate. The sol-
vents used were water-saturated phenol in one direction and a mixture of
pyridine-amyl alcohol- ethyl alcohol-water (80:70:35:60) in the second
direction. During the phenol run potassium cyanide and ammonia were
placed in two separate containers in the cabinet. A frame for running se-
veral chromatograms simultaneously has been employed throughout this
work (2). The paper was developed by spraying it with a 0.2% solution of
ninhydrin in a 1:1 mixture of butanol and acetone. The color development
was allowed to take place at room temperature overnight.

Quantitative estimation of the individual amino acids. The chromato-
grams used for the quantitative estimation of the amino acids, were spray-
ed with a 1.0% ninhydrin solution. In parallel with the globin hydrolysate
a known amount of a pure amino acid was chromatographed on a differ-
ent sheet of paper, and treated in exactly the same manner as the hydro-
lysate. The spots were cut out of the paper 24-36 hours after the appli-
cation of the ninhydrin reagent, and were extracted in the dark with 5 cc
of methyl alcohol for 24 hours. The optical density of the extracts was me-
asured in a Bausch and Lomb Spectronic photometer at 570 mpu. A piece
of filter paper from the spot-free area of the chromatogram about the size
of an average spot was also extracted, and was used as a blank for set-
ting the photometer at O density.

Zests jfor individual amino acias.

Methionine. Since valine and methionine have almost the same Rf
values in the system used, the presence of methionine was proved by
means of Mc Carthy and Sullivan’s sodium nitroprusside test, on the hy-
drolysate. Tryptophan, which interferes with this reaction is destroyed
during the course of acid hydrolysis, while histidine, which also gives a
methionine - like colour, was removed from the hydrolysate by precipitation
with phosphotungstic acid. The amount of methionine was calculated by
measuring the size of the methionine- valine spot on the chromatogram
and subtracting from it the quantity of valine after oxidizing the methio-

nine with hydrogen peroxide (see below).
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Valine. After the establishment of the presence of methionine, the
amount of valine was determined by oxidizing methionine with hydrogen
peroxide and ammonium molybdate (3), and measuring the remaining nin-
hydrin reacting spot in the usual way.

Basic amino acids. The presence of the three basic amino acids was
confirmed by precipitating these acids as the phosphotungstates, and re-
chromatographing the supernatant solution, after removal of the excess
phosphotungstic acid with ether, whereby the usual place these basic
amino acids occupy was completely empty, and also by removing the phos-
photungstic acid from the precipitate with a 1:1 mixture of amyl alcohol
and ether in the presence of 5N hydrochloric acid (4), and rechromatogra-
phing the water solution of the amino acids All three basic amino acids
reappeared in their usual places on the chromatogram.

Tryptophan could not be detected chromatographically, since it is de-
stroyed during acid hydrolysis. The presence, however of this amino acid
was established by means of the Hopkins- Cole reaction on the intact
globin.

Proline was determined by the Troll and Lindsley photometric me-
thod (5), since the methanol extract of the yellow proline spot showed no
deflection on the photometer either at 570m p or at 44om p.

DISCUSSION

The nitrogen content of the turtle globin preparation was found to
be 15.5%, and the amide ammonia 1.0% (calculated on a dry basis). Table 1
shows the percentage composition of the turtle globin molecule in amino
acids. One may note a high glutamic acid content, and a comparatively
small amounts of histidine and proline. The nitrogen recovery of 103.0%
strengthens ones belief that the method does not lack in sensitivity (A si-
milar determination using methionine as a standard showed a nitrogen
recovery of 9887%).

Tryptic digestion of the globin preparation was not of any help in
determining the amount of tryptophan.

There is work under way at present in this laboratory to establish
the N- and C- terminal amino acids of the turtle globin molecule,
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TABLE 1
The amino acid composition of hemoglobin of the turtle Zmys caspica.
(The sample applied on the chromatogram contained 33.6y nitrogen)*
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Arginine 41 43
Histidine 3.9 2.5
Lysine 9.0 42
Tyrosine 3.5 0.7
Threonine 5.5 1.6
Leucines 18.2 47
Aspartic acid 6.4 1.6
Glycine 35 15
Serine 7.4 2.4
Alanine 8.2 3.1
Proline 1.0 0.3
Glutamic acid 16.4 3.8
Valine 1.5 2.2
Methionine 1.1 0.4
Phenylalanine 4.9 1.0
Amide - NH, 1.0 0.3
Total 102.2 346
Nitrogen recovery 103.0%

* Aspartic acid was used as a reference standard.

SUMMARY

The qualitative and quantitative amino acid composition of the tur-
tle Emys caspica hemoglobin was established, mainly by means of two di-
mensional paper chromatohraphy. A comparatively high percentage of glu-
tamic acid, as well as a low percentage of histidine were noted, the rest
of the amino acids being present in analogous amounts as in mammalian
hemoglobin. :

Acknowledgment: 1 am very grateful to Prof. Dr. A. Christomanos
whose constant help and advice throughout this work is deeply appreciated
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NEPTAHRYI=

‘Evéveto mooTinh) xal mosotind dvdduoie Tdv Gpwoléwv THe aipospatpivie
Tii¢ vepoyxehdvng Emys Caspica. ‘H gxodovdndeisa pédodoc Exer de &Ee.

Mera dmoxepakiopoy e yehdvne hapPdverar 16 alpa dvtde cwhnvepiov we-
prexdvrwy xutpdy vdtpov. Metd wov Staywpiopdv Tév Eupdppwy cusTatixdy &x Tob
TAEGUATOS i PUYOXREVTEHOoEWS ExmhlvovTar T& aipmocpaipie Tple Sk QUGLONOYLXOD
6p0b xal &v cuveyely adpolbovrar 8¢ dmestaypévov O3atoc. Té mupnvixd cusTaTIKK
Suxywptlovron 3k puyorevtphoeng xal % coapivy dmopovodTar &x Tob Omepreipévou
3k xathlfoews pet’ dEivon dxetdvne xatd Thv pédodov wob Rossi- Fanelli xai
ouvepyatdy adtob (1). 'Ev suveyeln % opawpivy 65pohletor wetd Sxxosiamiasixg wo-
oérnroc 6N HCI (Bdpog/8yxov) xol ©6 63p6lupma ypwpatoypapeitar ik T pedéSou
T7i¢ SusdtasTaTOU dviolang YpwpaToypapine. Katk Thy mpdtnyv pdow THe xpwuato-
yoaploag ypnotpomoteitar pawvdly xexopeopbvny S’ Gdatoe, xatd 38 Thv Seutépav pei-
Yoo woptdivig - dpodlidic dhxoddne - atduhiFic dAxodhng - Bdatog (80:70: 35 : 60). Al
xNA\idec TAV Guwoléwy dvayvwpilovtar ik pavTiopod TEY YPWRATOYPXONLETWY Stk
0,2% Srehdporoc vivuSplvne &vtoc pelypatog dxretdvig - Bovtavédng (1: 1),

Atk Tov TogoTindY To0sD0ptopwdy TEY Apvobéwy dxolovdeitar f adTy Sradi-
xaofo pé Thv Stxpopdy 6T 6 pavTiopoc TEY Y PWUXTOYPXPNUETOY ExTEAEiTAL Stk
1% vivudplvne, elta 82 petd 36 Gooc al wn\ideg amoxdmrovrar xal Exyethilovron Jik
pedavélne el v6 oxdrog éml 24 Gpxc. Tavtoxpdvme yowpaToypxoeitar wix YvweT)
w056ty Evig dpwvotéoe, TO dmotov xal mefepyd{eTar, G¢ xal al xnhide¢ TdY duwo-
Eéwv Tob 03pohbpatos. H dmtied muxvdne Tév Exyuhiopdtoy mposdiopileTtar pas-
patopwTopeTpixde el 5TOmp. xaxl dmoloyiletar TO moooy TGV AYVWOGTWY &pwo-
Eéwv D1 Tiig Bpappoyic Tob vépmou Tob Beer: Sewpotvrar d¢ yvwotd al dmTixed wu-
xv0TNTEG TAY TE AYvWoTwy duwoléwv xal Tob yvwotod xadbs xal § &v Td Shi-
patt woxv6tng Tob YvwoTob elg  ypapmoudpra, G dyvwoTtoc dE T mwuxvéTvg THV
aYVhoTwV dpwvobéwy ele ypappopdotr. Ak tHe peddédov Tadtme N Teumtopdvy Siv
Sdvaray va mpoadiopioBf, SiéTt xatasTeépeTon xatdk THy 63pdlucty &AN dmhdg Avi-
yvedeTon Enl THg wi 63poludelone oopatpivne Sk THe dvridpdocwe Hopkins - Cole.
Entong % mpokivy, ftic 8idet xutpivyy xn)ida petd vivudplvne, mpoodioptletar Sk g
yowuaToueTowdic peddédov t@v Troll xal Lindsley (5).

El¢ tov mopatidépevoy avortépw mivaxe dvaypdpovrtar af edpedeioar tipal ¢
&v &xacTov éx TAY Apwotiny xeywpopévae.
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