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Myoglobin was isolated from the skeletal muscle of
map turtle, Graptemys geographica, and purified by
Sephadex G-75 and DEAE-cellulose column chromatog-
raphy. The myoglobin was cleaved by cyanogen bro-
mide treatment, by peptic digestion, and by tryptic
digestion of myoglobin whose lysine residues had been
modified with citraconic anhydride or 1,2,4-benzenetri-
carboxylic anhydride. From the amino acid sequences
of these fragments, the complete amino acid sequence
was deduced.

The use of the amino acid sequences of orthologous proteins
for the study of the evolutionary relationships was first sug-
gested by Crick (1958), given some conceptional flesh by
Zuckerkandl and Pauling (1962), and first applied systemati-
cally by Eck and Dayhoff (1966) and by Fitch and Margoliash
(1967). Since then a great variety of proteins has been exam-
ined in this way and the general value clearly demonstrated.
If one is to believe protein results, however, it is important to
assess quantitatively the degree to which the phylogenetic
trees based on different proteins agree with each other and/or
with the tree as presently conceived on the basis of other
biological data, obtained from the study of current represent-
atives and the analysis of fossils.

To this end we need to compare several protein sets differ-
ent in function but covering the same organisms as far as
possible. There has previously been little effort to sequence
proteins from species of taxonomic interest or which round
out a set of proteins from a single taxon. In order to study
tetrapod and amniote origins, as well as to fill the gaps in the
available data of lower vertebrate proteins, the myoglobin of
map turtle, Graptemys geographica, was studied. This paper
describes the isolation and amino acid sequence of turtle
myoglobin.

MATERIALS AND METHODS

Proteinases—Trypsin (treated with vL-tosylamide-2-phenylethyl
chloromethyl ketone) and a-chymotrypsin (from bovine pancreas)
were obtained from Worthington. Pepsin (from hog stomach mucosa,
twice crystallized) was purchased from Sigma.

Reagents and Chromatographic Media—Phenylisothiocyanate,
trifluoroacetic acid, triethylamine, and 3 N mercaptoethanesulfonic
acid were from Pierce. Citraconic anhydride was from Eastman and
1,2,4-benzenetricarboxylic anhydride was from Aldrich.

DEAE-cellulose, DE52, was obtained from Whatman, phosphocel-
lulose (0.9 meq/g) was from Sigma, and Sephadex gels were from
Pharmacia. Precoated Silica Gel 60F 5, aluminum sheets and cellulose
flexible sheets were from E. Merck and Eastman, respectively.

Isolation of Myoglobin—Skeletal muscle of map turtle, G. geogra-
phica (342 g), was minced and homogenized with distilled water
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containing approximately 10 mM KCN (500 ml). The homogenate was
centrifuged at 9000 X g for 30 min. Solid ammonium sulfate was then
slowly added to the supernatant liquid under stirring to 55% satura-
tion and the stirring continued for another hour at 4 °C. Precipitate
was removed by centrifugation at 9000 X g for 30 min. The superna-
tant was dialyzed against 1 mM KCN and concentrated to 40 ml using
a Diaflo apparatus with PM10 membrane.

The concentrated solution (8 ml) was applied on a Sephadex G-75
column (1.8 X 60 cm) and eluted with 0.05 M Tris/HCI buffer, pH 8.5,
containing 1 mM KCN. Chromatography was repeated four times
more and the myoglobin-containing fractions were combined and
concentrated to 50 ml, and the buffer was changed to 0.02 M Tris/
HCI buffer, pH 8.5, containing 1 mM KCN, using a UM-2 membrane
(final volume, 98 mi). Half of the solution (49 ml) was applied on a
DEAE-cellulose, DE52, column (1.8 ¢ X 26 ml) equilibrated with
0.02 M Tris/HCI buffer, pH 8.5, containing 1 mM KCN and eluted
with the same buffer, increasing the NaC) concentration in the buffer
to 0.1 M linearly. Chromatography was repeated. The myoglobin
containing fractions were collected, concentrated, and dialyzed
against water.

To remove the heme group, the solution (21 ml) was added drop-
wise to 1.6% (v/v) of HCl/acetone, kept at —15 °C, stirring vigorously.
The precipitate was collected by centrifugation at 8000 X g for 15
min, washed with HCl/acetone (1.5%, v/v) twice and with acetone
three times, and dried under nitrogen to give 361 mg dry weight of
purified dehemed myoglobin.

Amino Acid Analysis—Protein or peptides (10-50 nmol) were
hydrolyzed with 0.3 ml of 6 M HCl in sealed tubes in vacuo at 110 °C,
usually for 24 h. Amino acid analyses were performed as described by
Niece (1975) with a Technicon T'SM amino acid analyzer. Values of
valine and isoleucine were obtained from the analyses of 72-h hy-
drolysates when necessary. Tryptophan contents were determined
after hydrolyzing with 3 N mercaptoethanesulfonic acid for 22 h
(Penke et al., 1973). Cysteine was analyzed as the S-pyridylethylated
derivative (Hermodson et al., 1973) or as cysteic acid (Moore, 1963).

Blocking of e-Amino Groups—To block with benzene tricarboxy-
late, we first dissolved 110 mg of apomyoglobin in 4 ml of 0.5 M acetic
acid. The stirred solution became turbid upon addition of 2 m] of 1
M pyridine. The pH of the mixture was adjusted to 8.5 with 1 M
NaOH. Solid 1,2,4-benzenetricarboxylic anhydride (850 mg) was grad-
ually added to the mixture at 4 °C, keeping the pH between 8 and 9
with 1 M NaOH (final volume, 10 ml). As the reaction proceeded, the
mixture clarified. The reaction mixture was stirred for 2 h more at
room temperature and then chromatographed on a Sephadex G-25
column (coarse grade, 3.0 X 110 ¢cm) in ammonjum acetate buffer, pH
8.0. The protein fraction was freeze-dried and 120 mg of modified
protein was obtained.

To block with citraconate, we dissolved 30 mg of apomyoglobin in
1 M acetic acid (3 ml) and the solution was adjusted to pH 7.5 with N-
methylmorpholine under stirring. The precipitate produced was dis-
solved again by the dropwise addition of 1.0 M citraconic anhydride
in dioxane (1.2 ml). The pH of the reaction mixture was kept between
8 and 9 with 2 N NaOH under continuous stirring at 4 °C. After 1.5 h
at room temperature, the mixture was applied on a Sephadex G-50
column (fine grade, 1.4 X 160 cm) and eluted in 0.05 M ammonium
bicarbonate, and the protein fraction was freeze-dried.

Fragmentation of the Peptide Chain—Cyanogen bromide cleavage
was performed on 26.5 mg of apomyoglobin in 70% formic acid (2.5
ml) with CNBr (120 mg) for 16 h at 25 °C. The digest was freeze-
dried, dissolved in 0.2 M acetic acid (2.0 ml) and separated into its
components by Sephadex G-50 column (fine grade, 1.4 X 167 cm)
chromatography in 0.2 M acetic acid.

Tryptic digestions of apomyoglobin modified with 1,2,4-benzene-
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tricarboxylic anhydride or with citraconic anhydride were carried out
in 0.05 M Tris/HCl buffer, pH 7.8, at 37 °C for 20 and 8 h, respectively,
at a substrate concentration of approximately 20 mg/ml. The enzyme/
substrate ratios were 1:200 (w/w) and 1:100 (w/w), respectively. Three
peptic digestions of apomyoglobin, at enzyme/substrate ratios of 1:
1000, 1:700, and 1:100 (w/w), respectively, were performed at 25 °C
for 1 h in 0.01 M HCI. Apomyoglobin concentration was approximately
10 mg/ml in each experiment. a-Chymotryptic digestion was per-
formed in 1% (w/v) NHHCO; at 37 °C for 18 h at an enzyme/
substrate ratio of 1:30 (w/w).

Separation of Peptides—Peptides were separated from each other
by gel filtration on Sephadex G-25 or G-50 columns in 0.5 M acetic
acid or in 0.05 M ammonium acetate buffer, pH 7.8, by DEAE-cellulose
column chromatography with increasing concentration of ammonium
bicarbonate, and by phosphocellulose column chromatography in
0.025 M phosphoric acid with increasing KCl concentration in the
eluant. The beginning and ending concentrations of ions varied from
one experiment to another and are provided in the miniprint supple-
ment.' Thin layer electrophoresis on cellulose plates was performed
at pH 4.8 using pyridine/acetic acid/water (8:5.5:986.5, v/v) at 20 V/
cm for 60-75 min in a Desaga migration chamber. Thin layer chro-
matography on cellulose plates was carried out in butane-1-ol/acetic
acid/water (4:1:2, v/v).

The amino acid compositions of the resulting peptides are pre-
sented in the miniprint supplement.

Sequence Determination—Automatic sequence analysis of apo-
myoglobin (0.3 umol) was carried out by Beckman Sequencer 830C
using the Quadrol program. Polybrene (0.2 mg) was added to the cup
with protein.

The amino acid sequence of each peptide (50-100 nmol) was
determined by manual Edman degradation as described by Tarr
(1975). As a routine procedure, 30% (v/v) triethylamine, 50% (v/v)
pyridine was used as coupling buffer. The reaction mixture was
washed twice with heptane/ethyl acetate (2:1, v/v, followed by wash-
ing with benzene twice. Trifluoroacetic acid was used for cleavage and
the thiazolinones were extracted twice with benzene/ethylacetate (1:
1, v/v).

Bach phenylthiohydantoin derivative was identified by thin layer
chromatography using precoated silica gel plates which were devel-
oped by the method of Tarr (1975). After the spots were detected
under a UV lamp, the same plate was redeveloped with solvent
system V (Jeppsson and Sjoquist, 1967). The colors of the spots
produced by heating the developed plates helped the differentiation
of some derivatives with close mobilities, such as: glutamic acid
methyl ester, alanine, and tryptophan; glycine and lysine; and gluta-
mine and asparagine. Phenylthiohydantoin-derivatives were also hy-
drolyzed with alkali or acid (Smithies et al., 1971) and the products
were subjected to amino acid analysis.

RESULTS

The Sephadex G-75 and DEAE-cellulose column chroma-
tographies of turtle myoglobin are shown in Figs. 1 and 2,
respectively. The main fraction of heme protein gave only a
very faint band of contaminants on the disc gel electrophoresis
at pH 7.5 (Davis, 1964) and was therefore used for sequence
analysis without further purification. The amino acid compo-
sition of myoglobin is given in Table 1. The values were
obtained from analyses of eight separate hydrolysates. The
several minor heme proteins, shown in Fig. 2, were not ana-
lyzed further.

Apomyoglobin is not soluble in buffers near neutral pH, but
can be dissolved in acids (0.5 M acetic acid, 0.01 M HC], or 70%
(v/v) formic acid). To change the nature of apomyoglobin so
that the protein can be dissolved in neutral or slightly alkaline
buffer, the lysine e-amino groups were modified prior to tryptic

! Portions of this paper (including part of “Materials and Methods,”
Figs. 1 to 20, and Tables I to XII) are presented in miniprint at the
end of this paper. Miniprint is easily read with the aid of a standard
magnifying glass. Full size photocopies are available from the Journal
of Biological Chemistry, 9650 Rockville Pike, Bethesda, MD 20014.
Request Document No. 80M-1602, cite author(s), and include a check
or money order for $14.80 per set of photocopies. Full size photocopies
are also included in the microfilm edition of the Journal that is
available from Waverly Press.
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Fic. 1. Gel filtration of muscle extract in Sephadex G-75.
The protein solution (8 ml, see “Materials and Methods™) was applied
on a Sephadex G-75 column (1.8 X 60 cm) and eluted with 0.05 M
Tris/HCI buffer, pH 8.5, containing 1 mm KCN. Each 4.0-ml fraction
was collected at a rate of 12 ml/h. Elution was monitored by meas-
uring the absorbance at 280 nm (O---0) and 410 nm (l—).
Fractions marked by <> were pooled.
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Fic. 2. Purification of turtle myoglobin on DEAE-cellulose
column (1.8 X 26 cm). At the arrow I, a linear gradient elution with
NaCl concentration in 0.02 M Tris/HCI buffer, pH 8.5, containing 1
mM KCN was applied with 400 ml of the buffer in the mixing chamber
and 400 ml of the same KCN buffer but also containing 0.1 m NaCl in
the reservoir. At arrows 2 and 3, the NaCl concentration of the buffer
entering the column was abruptly stepped up to 0.1 and 1 M, respec-
tively. Each 11.4-ml fraction was collected at a flow rate of 84 ml/h.
Symbols are as defined in the legend to Fig. 1.

digestion. 1,2,4-Benzenetricarboxylic anhydride specifically
blocks e-amino groups and the modification is irreversible
under mild conditions.” The advantage of this modification, in
addition to the increase in solubility of the peptides in alkaline
buffer, is the increase of absorbance at 280 nm of modified
protein or peptides. This makes it easiet to follow the elution
of peptides on column chromatography. Tryptic digestion of
the derivative gave the expected cleavage at the carboxyl side
of arginine residues, although the one at position 56 (Fig. 3)
seemed to be only partially cleaved. The peptide terminating
at residue 56 expected from that cleavage was found but the
peptide beginning at residue 57 was not obtained in pure form.
Possibly the blocking reagent attacked the serine residue next
to this arginine slowing the rate of tryptic digestion. The
disadvantage of this blocking reaction is the introduction of
two carboxyl groups in place of the previous amino group,
making the net charge of protein or peptides too negative.
Thus, the derivative was much less soluble in acidic conditions

2 G. E. Tarr, personal communication.
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TaBLE 1
Amino acid composition of map turtle myoglobin
The results are expressed in molar proportions of the amino acids,
assuming that the most accurately determinable residues, Asp, Ala,
Leu, and His total 47 in number. Values in parentheses give the
numbers obtained from sequence analysis.

Amino acid Molar proportion
Aspartic acid 10.96 (11)
Threonine 5.62 (6)
Serine 7.85 (8)
Glutamic acid 20.04 (21)
Proline 5.68 (6)
Glycine - 8.35 (8)
Alanine 12.16 {12)
Valine® 8.14 (9)
Methionine 1.79 (2)
Isoleucine® 8.27 (10)
Leucine 14.82 (15)
Tyrosine 1.75 (2)
Phenylalanine 8.17 (8)
Lysine 16.84 (17)
Histidine 9.09 (9)
Arginine 6.03 (6)
Cysteine® 1.06 (1)
Tryptophan® 1.89 (2)
Total 153

% The value obtained from 72-h hydrolysates are given.

® Determined as pyridylethylcysteine.

“ Tryptophan was determined by the analysis of the hydrolysates
with 3 N mercaptoethenesulfonic acid for 22 h.
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F16. 3. Sequence of map turtle, G. geographica, myoglobin.
— and —, residue determined by manual and automatic Edman
degradation; +, residue determined by amino acid analysis of the
remainder after several cycles of Edman degradation. Sites of chem-
ical and enzymatic cleavage are indicated by: |, cyanogen bromide;
1, pepsin; |, trypsin, after blocking lysines with 1,2,4-benzenetricar-
boxylic anhydride; 7, trypsin, after blocking lysines with citraconic
anhydride; @, a-chymotrypsin.

and purification of the peptides was difficult.
Citraconylation, followed by tryptic digestion, gave more

peptides than expected, indicating incomplete blocking of

amino groups. The isolation of sets of peptides partially di-
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gested by trypsin was, however, helpful in determining the
sequence of peptides.

Cleavage with CNBr gave one large fragment of 131 resi-
dues, CNBrl, and two smaller ones of 11 residues each,
CNBrll and -III. The sequence of the NH;-terminal three
residues of peptide CNBrl was identical to that of whole
apomyoglobin. Alignment of CNBrII and CNBrlIIl was con-
firmed by peptic peptide PIII and by tryptic peptides TVII
and -TV.

Fig. 3 shows the peptides used to establish the sequence of
turtle myoglobin.

DISCUSSION

The amino acid sequence of map turtle myoglobin was
compared with those of other animals available (40 mammals,
2 birds, 3 fish, and alligator). Map turtle myoglobin is com-
posed of 153 amino acid residues, of which 29 residues are
common to all without any exception. The number of common
residues goes up to 55 if myoglobins of the 3 fish are excluded.

Interesting features of residue replacements found in the
sequence of turtle myoglobin are as follows.

Asp-5—The negative charge of the side chain at this posi-
tion is unique. All the known myoglobins of mammals have
glycine while birds and alligator (Dene et al., 1980) have
glutamine at this position. Fish myoglobin chains start from
this position with N-acetylated residues (histidine in carp,’
alanine in tuna (Brown et al., 1979), and threonine in shark
(Fisher and Thompson, 1979)).

His-8—This is common to harbour seal. All other mam-
malian and bird myoglobins have glutamine. Lysine occurs in
alligator, glutamic acid occurs in carp and shark, and aspartic
acid occurs in tuna.

His-9—This is common to alligator and shark. Most others
have leucine with the occurrence of variations of serine, ala-
nine, and glutamine.

Ile-29—This is common to alligator. All others have leucine
at this position.

Gin-40—All mammals plus chicken (Deconinck et al., 1971)
have leucine (methionine in penguin, Peifer, 1973), while
alligator, carp, and tuna myoglobins have glutamine (lysine in
shark).

Arg-42—This is common to birds and alligator. Lysine
occurs in all the mammals and leucine in fish.

Ala-44—Aspartic acid occurs here in all the mammals and
birds, glutamic acid in alligator and proline in fish. It may be
noted that, from the proline present in the lower vertebrates
to the dicarboxylic acids present in the higher vertebrates,
two base changes are required. The alanine found here may
well be the intermediate form, one base change away from the
codons of both the higher and lower (than turtle) vertebrate
forms.

Ile-52—This hydrophobic residue at this position is unique,
although shark myoglobulin has valine. Most others have
glutamic acid with a few having proline, alanine, serine, or
glutamine.

Leu-55—All known mammal, bird, and alligator myoglobins
have methionine at this position, while the rest have leucine
(isoleucine in tuna).

Val-61—This is a unique replacement. Methionine occurs
in penguin and alligator. All others have leucine at this posi-
tion,

Arg-74—This positively charged residue at this position is
unique.

Leu-78—This is a unique replacement. All the mammal and
bird myoglobins have lysine. Glutamine is present here in

* A. E. Romero-Herrera, personal communication.
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alligator and shark; alanine is present in tuna and carp.

Asn-80—This is a unique replacement. All others have
glycine.

Pro-84—This is unique. Glutamic acid occurs here in alli-
gator, threonine occurs in shark, and alanine occurs in all
others.

Cys-198—This is unique, too. Threonine occurs here in carp
and shark and serine occurs in all others.

In the absence of functional data for map turtle myoglobin,
the effect of these replacements on the function of the mole-
cule is uncertain. Most of the replacements can be explained
by single base changes in the triplet code. The evolutionary
significance of the map turtle myoglobin will be discussed
further in the accompanying paper (Maeda and Fitch, 1981).

Acknowledgments—We are grateful to Dr. H. F. Deutsch and to
K. M. Hansen for automatic sequence assistance, to Drs. R. L. Niece
and G. E. Tarr for technical help and advice, and to J. Bull for
collecting the turtles for us.
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Tsolation and Amino Acid Sequence of Myoglobln from
© Turtle, Graptemys geographice

Nobuyo Maeda and Walter M. Fitch

CNBE Cleavage of Turtle Apomyoglobin

Apomyoglobin (26.5 mg) vas dissolved o 701 (v/v) formic actd and cleaved
vith (NBr (120 mg) for 16 b at 25C. Water (25 m)) wms added and the saterial
ves freeze-dried. Freeze~drylng vas repeated twice after additiom of 0.2 K-
acetic actd (15 ml). The cleaved product was evhjected to gel fiitratian oo &
Sephadex G-50 column (fine grade, 1.4 ca x 167 ca), which gave the elution
pattern shown fo Fig. 1

Anino acid composition of the First two fractioas, CNBr-I and CNBr-I1
vaa the same. Rechromatography of each peak gave the same pattern of two
Also the N-terminal four residues of each peak's protein vere the
as those of apomyoglobin. CNBr-IV and CNBI-V were pure peptides of eleven

enino acids. The amino acid compodition of these peptides s given fn Table 1.
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¥ig. ). Gel Filtration of Cyauogen Bromide Cleaved Pragmenta

CMBr cleavad products were fresze-dried, dlasolved in O.2M-acetic acid
(2.0 m1), appliad on & column (1.4 cm x 167 cm) of Sephadex G-50, Fine grade,
sad eluted vith 0.2 Hacatic acid. The elution was mouitorsd at 280 o
(#-0) and 230 om (s—w). Each 3.6 »l fraction wes collected at 4 flow rate
of 12 mi/h.

Table 1. fmino acld composttians of cyanogen hromide cleavage peptides of
apomyogloblu. Repults dre expressed as molar ratio of awino actds.

Numbets in parencheses are from the subsequent sequence studies.

CNBrI-11 CNBr IV CNBEV
asp 9.1 @) 2,00"2)
Thr S5 (6)
Ser 58 (1) 0.99, (1)
Glu 7o (18) 2,000 {2y 1.7 )
Pro 6.7 i}
Gly .9 o) L.81 (23
Alz w1 i) 1.0 ) 1.0z ajy
val, 8 (9
et I @
Ile 700 (10)
Leu 12.0 a3 4,13 (2)
Tye [ 0.3 )
Phe 5.0 (5 1.94  (2) 0.50 (1)
Lys 2.3 (14) 2.3t (2) 119 (1)
six e (9)
Arg 40 () 4.06  (2)
Trp (2)
Cys a)
Tota) 3 n b
tield 9% 402 4t
Reaidue 1-131 143-153 132-142

Homomerine and homoserine lactone could not be separsted from glutamic
actd and lysine respectively.

The smount of these amino actds are taken as standatds.

$locking of Lysine Kesiduew by 12,4 Benzenetricarboxylic Anhydride

Apomyoglobin (110 mg) was completely dissolved ln 4 ml of 0.5 N-acetic

actd.  The solutlon became tucbid upon addition of 2 @l of 1 M-pyridine under
atirring. The pH of the mixture was adjusted to between B and 9 with 1 Mo
NaOH.

Solid benzenetricarboxylic anhydride (850 mg) was added to the mixture
maintaining the pH of the reaction mixture between 3 and 9 with | MoNa

the Teaction proceeded the resction mixture clarified. The final volume was
approXinately 10 wl. The reaction was copleted by mtirring at room tempera-
ture for 2 h and the mlature we desalted by gel filtration on Sephadex G.25
{olumo (cearaw grade, 3.0 co x 40 cm) 10 0.0 M-asbonium acetate buffer, pi
8.U. The protein fraction wes frveze-dried.

The dertvative (45 ag) waa dissolved 1 2 al of .1 M-tets/HCL buffer pit
7-4, and digested with trypsia at 37°C for 20 h. The enzyme/protein ratio was
1:200 (w/w). The digest vaa applied to one of two Sephadex C-50 columns

{1.4 cu x 150 cw and 1.5 cm x 85 ca) connected in secies and eluted vith
0.02 M-amaonium acetate buffer, p 8.0 (Fig. 2).
collected.

Fractions shown wer
The amino acid composition of the first peak (unlabelled) vas the
T-11 containa two atginine residues.

reason for the incomplete
not clear but it 1a possible that the
greine residue next to arginine wms modified by 1,7,4-benzenetricarboxylic
2thydride In o menner shich mde the atginine residue reefszant to digestion
by teypeta.

Fraction T-111 vas amfaly the N-terminal peptide, containlng twe trypto-
phane, although the soino acid composition of T-I1I indicates some contamingn
tiom (Table 2). DE-52 columa chromatography did not remave the contamination
from fraction T-III.

Fraction I-IV waa applied on a DE-52 colwmn (1.5 cm x 8 cm) equflibrated
yith 0.02 M-aamontua bicasbomate and chromatogeaphed as shown in Fig. 3.
Fractlon T-IVa had a high absorbance at 230 mm, but the fraction costained mo

Fraction T-IV¢ w5 & pure peptide and the C-terminal half of
peptide T-II,

Peptifes T-V, T-VI and T-¥1i vere pure. Their emino actd compositions
axc given iv Table 2.

Fruction T-I (5 mg) vae dissolved in 1 (v/v) smmanium bicarbonate (0.6 al)
40d digeated with 0.18 mg of a-chymacrypsin at 37°C for 18 h. The digest vas
choomatographed on a DE-52 column (1.5 cm x 8 cm, Flg. 4). Pepcide fractiong
¢ b and ¢ were pure but fractions d, € and f needed further purificarion,
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FRACTION NUMBER
Fig. 2. Cel Filtration of Tryptic Digest of 1,2 1

Apamyeglobln

The digest was applied ov & column (1.4 cm x 150 cm) of Seshadex G-50,
flue grade, which wi
wien

at s flow rate of 10 sLk.
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Fig. 3. of Tryptic Fraction TIV om 0B-52

Fraction TIV (Fig. 2) vas freeze-dried, dissolvad {n 0.02 M-smmonium
bicarbonate (2 nl) and applied on & column (15 cu x 8 cm) of DE-52.
1 livear gradient elution was begun vith 0.0
wiatag chamber and 0.SM~smsooiun bicarbonate {o the reservoir {100 al each).
At arrows 2 and 3, the conceotration of amsonium bicarbouate waw changed
stepwige to 0.5M and ).0M respectively. Each 4.3 m) fraction was collected at
» 1lov zate of 40 mi/h.
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Pig. 4. of arCh Peptides of TI on DE-52 Column

The digest waa freexe—dried, dissolved 1a 0.024-wmmonium bicarbonate and
applied on coluan (1.5 cm x B cy) of DE-52. At arrow 1, a linear gradient
elution vas begun vith 150 wl each of 0.024 and 0.2 aumontum bicarbonate in
the mixing chamber and resarvoir respectively. Similerly at arrow 2, & second
gradieac vas begun with 150 ml of 0.2M and 0.5 s bicarbonste 1n the
reapactive chasbers. Bach 4.4 ml fraction waa collacted at a flow rare of 60
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Cirraconyiaction

Turtle apomyoglobia (90 mg) vas dimsolved {n 1 M-scetic acid (3 1) and
the aolution adjusted to pii 7.5 with N-methylmorpholine under stirring. The
precipitate produced wam dissolved sgain by the dropvise addition of 1.2 ml of
1.0 M-methylaaleic anhydride in diozane. The pH of the reaction mixture ws
kept between 8 and 9 with 2 M-NsOH under continuous ptirring at 4°C, After
1.5 h at coom temperature, the mixture was applied oo & Sephadex 6-50 column
(fine grade, 1.4 ca x 160 cn) sod eluted 1n 0.05 X~awmonium bicarbooate. The
proteln fraceion wae freere-dried, dissolved o D.05 Metris/HCL buffer, ph
7-8, and digested with 1 mg Of tryp#in at 37°C for B h. Thr dlgeat was chro-
atographed on Sephadex G-30 column (Fine grade, 1.4 ca x 160 cu} vith 0.05 K-
sumoniun bicarbonate (fig. 5), The elustea were sepacated {nto four fractiona,
eit I-IV, freeze-dried, incubated with 603 (v/v) formic acid far 20 k to
Temove citraconyl groups, and freeze-dried separately.

Fraction cit-1 vas diswolved in 1 M-acetic actd (1 ml). To this solution
added 2 bl of 0.2 M-tris/HC buffer, pH 8.5, and the solution adjusted to pd 8
with 2 M-NaOH under stirring. Tryptic digestion was carried ot by adding

80 ug of trypein and incubating the wixture at 3I°C for 20 h. The digest wan
applied on Sephadex G-25 column (fine grade, 1.5 cm x 110 ca) and eluted vith
0.05 M-ammonium bicarbonrate (Fig. 6). The awino acid cowposition of the
peptides isclated s gaven {n Table 3.

Fraction ctt-11 vas dissolved fn 0.025 -phosphoric scid snd applted on &
DEAE cellulose; UE-52, coluan (1.5 cw x 6.8 cn) equilibrated with the same
solutton. The elutton pattern is shown io Fig. J. Two steps of linear gradient
Vith KCL concentration were applied. Faur pure peptides, cit-Ila, -IIb, -llc
and -114 vere obtalaued. The amino acld compoaition of these peptides fa gives
in Table 4.

Praction ctt ILI waa dissolved in 0.2 M-mcetic acid (2 ml) and the
Losoluble mterial wag collected by centrifugation, and washed vith 0.2 M-
acetic acid (2 ml). The prectpitate wae a pure peptide of eleven amino acids
(Table 5). Although the perforsic scid oxidation of the peptide gave only @
trace (U.lmole/mle) of cysteic acld, other evidence, such as peptic peptides.
demonstrated that the blank at the sixth cycle of Edmen degradation was a

The supeTratant vas applied on & Sephadex 0-25 column (fine
grade, 1.5 ca x $7 cm), «luted vith 0.2 M-ecetic zcid and pooled [nto chree
fractions (Fig. 9). Praction cit-IlI-1 waa freece-dried, dfasolved in 0,025 He
n acid and tulose (Fig. 9). Peak c vas
further separated ato cvo peptides by thin layer electrophoresis at pH 4.8.
Amiao acid compositions of the resultiug peptides are given in Table 5.
Fraction Cit-I1I-2 was geparated on phosphocellulose by the same method (Fig. 10},
Only C1t-I11-Za and Cit-T11-2h vere pure peptides. The remaining fractions
containing several peptides, vere not purified further. The amino acid
campasitions are given in table 6. Fraction C1t-111-3 waa separated fnto two
components by thin layet chromstography. One was the same as cit-TII-2a and
the other was lysine.
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Fig. 5. Cel Filtration of Tryptic Digeat of Citraconylated Apomyoglobi

The digest was 2pplied on & Sephadex G-50 colomn (1.6 o» x 160 cm, fine
grade) end eluted with 0.0M-smmoniue bicarbonete. Zlutios wes monttorad st
80 rm (#---4) 4nd 230 (e~—a). Fractions of 5.4 mi vers collectsd at 4 flow
vate of 11 mi/h.
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Separstion of Tryptic Peptides of Fractiom Cic-1 on a Sephedex
G235 Coluwn

Fig. 6.

t was chromstographed on a Sephadex G-25 colwm (fine grade,
1.5 ca x 110 cm) {n 0.0-smmovium bi cd & »l fraction vas

alrn. collected at x flow rate of 20 wi/h.
Table Z. Auina acid cumpositions of tryptlc pepcldve of 1,2,4 Benzenetricarboxy-apomyoglobla and
a-chymotryptlc peptides of TL.
Pazenthetical values are from the subsequent sequence studies.
mn 1 T Tiva v 1 i cris Ty crie
D403 (4) 216 (2) 2.84 (D) 2.00%2) 0.96 (1)
To085 (1) 252 (&) 0.60 191 () 0.99 (1)
S 253 (3) L6b,(2) 1.90,(2) 1.01,(2) 0.95 (1) R .84 (1)
B 674 () 3.00%) 400" 2:00°(2) 2,03 (2) w00t (&) 1.34 (1) 107 (1)
P 235 (4) 0.5 .65 (1) [N .
G L1z () 18y 291 B} L0 (2) Lss (2) . 1oo*(1y
A S79(e) 1> () 203 (2) 100 (1) 101 (D) Loo'm 11y 2ls7 ()
Vo203 () 1152 25243 205 (1 156 4y
KU 0.60 <1) 0.40 (1) 0.74 (1)
U 360 (8) 0.85 (1) 1.4 (3) 0.90,(1)
L W72 (5) 300 4) 316 (H 1.97 (2) 0.88 (1) 1.84 (2) 2.00%(2)
Y o0 a.65 (1)
FoL95 (2) 1.86 (2 200 (1) 1.26 ) 115 Q)
K714 (8) 408 (S) 1.62 (1) 1.86 (2) 2.33 (2} . Los () 1.70 1)
Ho3.78,3a) 101 (1) 2.30 (3) 0% (1) 100" () N
Ry, L00T() 135 2) L1 (1 0.91 (1) 0.78 (1) 098 1 1.00"1) 0.9 ()
vin, 157 @
M oso )
Total 58 3 EN 18 2 1 7 3 s B
asr
et o2 w0 B «3 30 3 13 2 7
o

The smounts of these residues were taken ss scandarda.

.
Tryptophan content was measured by IN-mercaptocthens sulfonte actd hydealysts.

N

Value vas obtained as cyateic acid after performic oxidation of peptide.

s
Yield vas given ao molar percent.
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Table 3. Aaino acld composition of tryptic peptide from Clt L

Citls Ip Ic-1 Ie-3 1d-1 -2 ld-4
o 242 ) L.82 (2) ERNEN
T 051 <1
s 217 @) 0sn,0) 1.85 @) .
E 3.16 (&) .00 (3) 1.80 (1) L0 (1}
o 229 () 2.05 (2) 1.10 1) 0.80 (1)
G 1.28,(1) Lae (1)
A 4,00 (4) 74 () 2.77 (3) 0.8 (1)
v 1260 (3) 136 ) L2e 2w
M 91 (1) 1o ()
3 210 (5) 0.8 1) 0.4 1
L 228 (1) 1.9 (2) 0.6 (1)
Y 1.09 (1)
v 1,92 (2) 0.92 (1) R .
K 3152 () 2.08 () 1.97,0) vootay Lot os
H 2,02 {2) 1.92 (2) 1.00 (1) 1.0Z (1) 0.84 (1)
R 1,10 (1) 0.83 (1)
ya W
Tatal KLY 17 ] 14 2 2 5
mm'" o 0.41 0.86 0.25 112 0.79 0.33
Residues  97-132  B0-96  97-102 119132 97-98 879 ll4-118

«
The amouat of these amino acid reeidues vere taken as standards.

Not determined.
-

The mobilities of peptides on thin layer lectrophoresis ate glven as ratio
to that of avginine (1.00). Under this condition mobilittes of glycime and
glutanic actd were 0,24 and -0.20 respectively.

E T S T
=
= b
- [ = »
«
1 2 3
-
) \l’
o0.5p B
=
v
=
<
o
=
o
@
@
< L i 1
o 20 40 60 80
FRACTION NUMBER
Fig. 7. Sepatation of Peptide Praction Cit-1f on P-celiulose
Praction cte~11 wae chromacographed on & ghospho-cellulose coluom (1.5 om =
6.8 ca). At atfow 1, a liosar gradient vith iocreasiog KCl concentration in
0.025M-phosphoric acid was begun with 125 ml of phosphoric acid contaloing
0.34-KCL 10 the reservolr. At arrow 2, a second gradient n 100
al of phosphoric acid containiog 0.3-KCL in the mixing chamber and 100 i of
acid coutaining O.8M-KCI {n tbe remervoir. Each 5.6 ul fraction was collected
At a flov rate of 40 mi/h.
Table 4. Amino actd composition of peptides Citlla - CitIlg and CitllIppt,
Results are expressed as a molar vatic of amino acids.
Gtiia cLerny Gaelle cLetld citlitppt
v 113 o'y zooty 200’
T L13 ) 0.9 (1)
s 692 (1) L6 (2 0.39 (1) 0.89 (1) .
K 281 (3) 201 (1) 2.99 (3) 290 () 2.007(2)
® L3 () 125 (1) 1.8l (2} 1.84 ¢2)
G 107 (1) 1.08 (1)
A 1.02 (1) .47 (&) 1.88 (2)  L.86 (2)
v 168 (2} 1.03 (1) 0.7 (1)
n 104 (1)
1 162,(2)  0.58 (1) Lse 13
L 1.00 (1} 2.10 (2)  Z.B4 (3)  1.20 (1)
N 0.88 (1)
¥ 127 ) 0,95 (1)
K LB 217 @) 311 () L1e ()
] 0.9 (1) D98 (L) 2.01 (2) 210 2)
& 0.98 (1) .87 (D
oys. N
Total 5 18 Y 19 1n
yield
a.7¢ 0.76 0.56 a.52
(umole)
Restdues  17-31  lie-132 80-96 7896 103-113
*fhe apounts of these amino acids were taken as standards.
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FRACTION NUMBER
Ty 8. of Fractios Clr-tll ) on s Sephader 25 Colusn
Fraction c11-111 vas suspended in 2.0 wl of O.Di-acetic scid and castrifuge
The precipitates vas re-suspended 10 3.0' 01 ot 0. Bhoacetic acid an centrifoged.
The supernatants were combined and applied to a Sephadex G-25 column (fine
grada, 1.5 cm x 97 o) and eluted with O.2aceuic acid. Zach 4 sl fraction
was collactad at & Llow rate of 22 wifh. ®esoa; Kypq, ®—; Eyqn
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Amino Acid Sequence of Map Turtle Myoglobin
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Peptic Digestion of Apomyoglobia

Apomyoglobln (24 mg) was
with pepaio at 25°C for 1 h P enzyme /eubstrate ratio of 1:700 (w/v).

eluted with 0.2 Meacetic acid (Pig. 11).

Fractions P-.

s PoIl and PeLIE vere nuu-anea. rest

acid
13 and 14).
Table 7.

Fraction P-V vas evaporated ta dryness, suspended 1a 1.0 ml of 1 K-
pyridine snd ceatrifuged. The precipitate, washed vith 0.5 ml of 1 M-
pyridive, wes a pure peptide, PVa. The e comtined,

Ived 1a 2 ml of 0.01 M-HCl snd digested

The

digeat wae applied on a Sephadex G-25 coluan (Eine grade, 1.5 cm x 110 cw) and

olyed ba 0.025 K-
and e (Fign
utno actd cwpollﬂnm o temultant peptides are given 1n

o Geymere. roatanoiond in 0.2 Hepretle asld and subjected o thin loyer
chromatography. Three peptides, P-Vb-1i,
Aaino acig snal

mole of molecule (Table 8).
of cysteic acid per mole of P-Vb-3.

that the enzyme/substrate ratic

@19} .

15). Ecactions P'-1, P’-11

1.5 x 110 oa, Fig.

[ 20 40
FRACTION NUMBER

P(y. 9. Purificscions of Fractios Cit-[II-} on & P-cellulose Column

Praction CieIll-1 (Fig. 8) vas chromatographed on a phospho-csllulose
column (1.5 cw x 68 ca). At arrov 1. a linear gragieut vith KCl comcentration
in 0.025M-phosphoric acid vas begun VIth 0.025 acid 1o the wixiog chamber
0.025% ac1d coutaining 0.M~KCl {n the reservoir (125 wl emch). At arrow 2,
KCL concentration ia the eluet was chenged stepwise to IN. Each
wae collected at & flov rate of 46

5 @l fraction

lulose (Fyy
vas electrophoresed on thin layer plates at pH
of the resulting peptidea are given in Table 9

17 and 18).
4.8,
and 10.

The chird peptide digeation was performed on
the encyoe/substrate ratic of 131000 (v/v) e 2% o
2pplied on &
0.2 M-acetic

digest
acid (Fig. 19).
em, Fig. 20). Peptides P-1I,

by thin layer electrophoresis and by thin layer chromatography.
compositions of peptides are glven in Table 1l.

P-¥b-2 and P-Vb~3 vere obtained.
of PVb~3 gave 0.51 woles of half cystine residues per
Perforaic oxldation of peptide produced 0.80 mole

A second peptic digestion ni 29 o8. af apoayoglobln wa identical except
90 ¢ The digest was sepxrated
into five fraccions by gel filiration on o Sephadex G-25 colma, (fine grade.
and P'-LII vere lndividuslly
Fraction P'-IV
Amino actd composttions

spomyaglostn (105 @g) st
e
Sephadex G~25 colusn (fine grade, 1.5 cm x i c\:? and eluted 1n
Fraction 1 vas freeze-dried. rediseolved in
acid and chrowstographed on a Sephadex G-50 column (fime grade,
P-111 and P~V were Further purified
ratno scid
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Fig. 10. Chromstegraphy of Fractlos Cit~111-2 oq P-cellulose FRACTION NUMBER
Cit-111-2 was evaporated te dryness, dimeolved in 0.025M-phosphoric acld Fig. L1

snd applied oo a phosphocellulose colusn (1.5 ca x 6.8 cm). At the arrow a
Itnear gradient vits KCl concentration 1n the eluest was begus with 0.025K-
phosphoric acid in the mixing chawber and 0.025M acid contsining 0.-KCl i
the reservoir (125 al each). Each 5 ml fraction was collected at a flow rate

of 36 ml/ Big0r &= g Clow rate of 20 mi/h. @i Tyy0i e—ei Epyp
Table 5. e amiae acld compasitions of peprides from CrellI-1.
111la 1lile-1 1lle=2 I1Lid IIlle 1nf g 1ILlh 1 Iy
b ooty 1.93 (@) 1.81 @) 2.00"(2)
T 0.95 (L) 2.63 (3} 1.85 (2) 1.38 (1) 2,38 {3) l.01 (1)
S L.d (2) 1.3 (1} 3.69 (4) 2.27 {2} 0.93 (1)
€ L8 (2) 2.89 (D, - 2.20 () 133 (1) 3.08 (3)
b — o - W W Ll () 115 @) Lok ()
G 1.25 (1) 2,00 (2) 1,07 (1) .05 (D 1.89 {2y
A 1.1 (1) 1.16 (1) 3.0b (&) 1.16 (1) 2.05 (2)
v 1.5 (L) 2.04 (2} 0.98 (1) 1.15 (1} 1.06 (1) 0.85 (1) 1.2 (1) 1.09 (1)
M 102 (D,
s 1,40 (2) . -- (1) . 0.81 (1) « 0.95 (1)
L 1.36 (1) l.ouv (1) 1.97 (2} 1.00 (1) 2.06 (2) 2.00 (2) 2.0% (2}
N
€ . 0.90 1) 1.2y 0.73 (1) N
K 1.0 1) 1.07 {1} 1.48 (1) 2.19 (2) 1.36 {1} 2.0t (2) 2.00 (2
H L.ua (1) 0,78 (1) 1.18 (1) 1.1% (1} 1.47 (1} - 1.2z (1) 1.83 (2) & (D
® 107 @) e (D 10 () 1es (D 100"y 1,08 (1)
c
u
Total b 15 1 11 t9 7 11 12 17 L]
Resldues S7-62 17-31 32-42 ba-74 114-132 £3-6% 4&-56 $3-74 80-y6 921-102
tleld 0.40 0.29 0.49 1.0 0.57 0.08 0.16 064 0.17 0.0
(voale)
.The smount of these amicu acids were téoken as standacds.
“—7lndh:llk Che trace awmownt.
Table b. Amino acid composition of peptides frow CLtIII2 and Citlil3 o8 T T T T
(1113-1) ° o
1112-a 112+ 13-5 N
K - — —
0 2.00"2) o6l _1
s 0.98 (1) “
& 1.86 (2) 0.97 (1)
H -
¢ 2.06 @) L94 (D) 0.4 .
A LW ™ |
v 108 (1) o
M =
1 0.81 (1) b2 .
L 1-94 (2) < -
¥ R @
B 2.00°2) «
« 1.53 ) 1.00 °
W 197 (@) - L h
¢ ® 0 20 10 3 50
< 23
¥ @ e PRACTION NUMNBER
Total ° 1o ' Plg. 12. Chromatography of Paptic Digest Fraction PI on P-celluloss
Residue 148-153 1-16 - - o.05n ot
018 Fraction PL (Pig. 11) was fresze-dried, dissclved in 0.02SM-phosphoric
Thmate) =0 e acid snd chromatographed on ¢ phosphocellulose column (1.5 cm X 6.8 ca) uadet

pino acids were raken as standards.

.
The smount of these

"
Tryptophan was detected by spot test with Enrlich reagent.

Ge) Filrration of Peptic Digest of Apomyoglobin oo a Sephadex
5 Column

The digest vaa chromatographed on s Sephadex G-25 column (fine grade.
Each

1.6 cm x 110 cw) tn O. zna:cuc actd,

5 ml fraction ws collected at &

the same cowdition as in Tig. 7.
Tate of 40 Bl/h.

Rach 4.7 wl fraction wee callected st a flow
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riy. 13 of Peptic Digamt Fraction PII oo Pcellulos

Frection PII (Fig. 11) was dlesolved tn 0,
acid and chromatographed on a Phospho-cellulose column (1.5 cm x 68 ca). At
arcow 1. & loer gTadiant elurion wes bagus vith 123 ml of 0.02S-phosphoric
acid 1o the mixing chamber and 123 ml of acid coutaining 0.3 KC1 1m m.
rasarvolv. At arrow 2, the concentretion of KCl in the eluant was chai
stepvise to 0.6M. Rach 4.5 ml fraction waw collacted at & flow rate of An
»l/h.
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PRACTION NUMBER

1. of Peptic Digeut Fraction PIIL gp P-cellulpse

Fraction rur (’£|< u) was Cresze-dried, diawolved in 0.023-phospharic
acid and chromato, phospho-cellulose column (1.5 cm x 6.8 cm). At
the arrow. o loase .ndum elutlon was begun with 100 ml of 0.025M-phosphoric
acid in the mixiag chember and 100 m1 of same acid costaining 0.3 N KCI in the
cessrvolc. RBach 5 ml fraction was collacted at 4 Flow rate of 40 mifh.

Table 7. Amine acld compositions of peptic peptides.

Rebults are expressed a6 molar racio of amino acids.

4299

ola I ple Plls pLIb plle pilla
xsp zoo'ry zo0'z) 2.00% oo’y oo*(r 2.00"2)
Tne 172 42) 175 (@) 1.06 (2)
Ser L7 @) 090 (1) 0.78 (1) 0.84 ( 0.97 (1)
Gl 23730 w38 (3) 342 () 2er ) 28 () 120 0y er 3
fro Lol () 107 (1) 3.67 (G) 0.90 (1) 0.31 (1)
cly 1113 (1) 105 (1) 140 (1) L1z (1) 0.86 Q) 1.81 (2)
ala 430 (5) 106 (1) 287 (3) 2,02 (2) 2.13 (2) 104 (1)
val 2,05 () 1.40 (1) 150 (1) 1.91 (2) 1.49 (1) 2.05 (2
Het (21N 1.06 (1)
tle L6 (1) 0.93 (1) 168 (1) 0.73 (1) N
Lew 195 () 105 (1) 483 (5 1.04 (1) 1.06 (1} 1.00™(1)
Tor I 0.87 (1)
Phe 0.91 (1) 263 (3) 3.2 43
Lys 3,04 1) 317 () 6,07 (6) 125 (1) 1.2 (1) 1.93 (2)
fres L1 () 1.03 (1) 323 (3) 117 () 099 Q) 0.93 (1) 2.10 (2)
Arg 106 (1) 105 (1) 0,92 (1) 0.90 (1)
e
Tep
Total 2 2 34 15 13 10 1
vield 0.55 o.1s 0.57 .16 .34 0.29 0.49
(umole)
Reatdues 110-137 336 70-103  15-29 1527 60-69  {38-133
“The ssounts of these apivo acids were taken as scandards.

Table 8. Amino acld compositions of peptic peptides
Results are expressed a8 wolar ratio of amino acids
va PVb-1 PVb-2 PVb-3

o 1.86 (2)

T

s 105 (1) . . .

E .21 (1) 1.00 (1) 2.00 (2) 1.00 (1)

¢

I3 2.“0‘(2)

‘

v (TR

M

1 094 (1) Goe ) es

L 1.92 (2} 1.00 (1) 0.74 (1)

¥

£ 1oL ) 128 ()

K

" 162

®

N .
¢ .. 0.68 (™ ast oyt

“ @)

Total 14 3 6 3

Residue 1-14 104-106 104-109 107-109

Yield

(uwole) 0.70 0.10 0.03 0.46

TLC (Rf) 0.43 0.83 0.61 0.43

These residuea were taken as the cefereace smount.

Recovered as 1/2 cystine on the analysis.

Tryptophat wes decected by spat test wich Ehrlich cesgent.
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Fig. 15. Gel Filtration of Peptic Digest on Sephadex G-25 (') Fig. 17. of Peptic Frectiom ?’I1 o» P-celluloas
chromstographed on & Sephadex C-25 colusn (fine gra Fraction P'LL (Fig. 15) was chromstograpbed on a phospho-cellulose columa
1.5 o=} 1w o,m-.urk actd. Eack S i fraction wee cnxhex-s ac s {1.5 c& x 6.8 cm) under the seme cosdiilon as in Fig. 7. excapt thet at the
flow rate of 40 al arrow 2, the KC1 concentrstion in the elueat was changed stepwise to O.%.
Each 5.6 ml fraction was collected at a Flow rate of 36 wl/h.
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Fig. 18, of Prpric Fraction F'LII on P-celluloss
o 20 40 B Fraction P'LI1 (Fig. 15) wes chrowstographed on & phospho-cellulosa
column (1.5 cm x 6.8) under the same conditicn es fu Pig. 14. Kach 5.1
FRACTION NUMBER fraction vas collectad at o flow rete of 36 al/h.
Fig. 16, ¢l of Peptic Fractivo P'l op P-cellulose

Fraction P'I (Fig. 15) vas cb
(1.5 cn x 6.8 co) under the same condition

Fig. 7.

was collected at & flow rate of 36 ml/h.

Tomatogrephed on a phospho-cellulose column
in Each 7 ml fraction

Table 9. Anino Acld Composition of Peptic Peptides.
P B Fila P Plle PMle  P'IlE P'llg  P'lIh
v 1.68 (2) 1,00 (1) 123 () 1.00°Q) L3S (@) 2.00 (2) .00
T .80 (1) (0.94) 0.85 (1) 192 2y 2.53
s L8 (D D67 () 112,(1) 0.84 () . T
£ 2.00°2) 109 (1) 110 () 3.007(3) 167 (2} 1.00%() 2.08 (1) 1.00*(1) 170
¢ 1200 (1) 187 (2) (1) 0.68 (1) 0.78 (1)
¢ 10y (1 0.73 (1) 066 (1) 0.31 (i} 0.93 (1 1z
N 192 @) 2068 () 1.9 (2) 1.99 (1) a8 ()
v Lo (1) 168 ) 071 Q) Lo @ Le2
M 0.66 (1)
z 0.8 (1) 092 () 0.6 (1) Lo ()
L 2370 LS Q) (051 Ha1 () 085 ) 135 () 23 @) 0.88 () 2.2
¥ 0.99 (1)
i
« 207 (2) 348 (&) 156 () 1.00 (1) 2.00 (2) 276 (2) 2.14 (2) 3.50
u 1) 2.00 (2) 075 () 077 (1) 090 (1) 0&r (1) L3
R 1,08 (1) 0.83 (1) %
¢
“
Total 1 17 8 1 12 5 12 10
Residue  73-86 87103 1z4-131 5-29 1526 4-54 71-86 60-69
Held 0.4 L1s 0.2 051 0.22 0.9 110 0.48
(umole)
e smount of these anino acide were taken ss standarda.
Teble 10. Anlno Actd Composition of Peptic Peptides.
¢l P Plille PIIM P P'NL PIVI P'A 'S PUIvE P'NT POIVE
» L6 (1) 2.00"(2) 18 100 ()
T 051 ) 0.91 (1) [RINH
s 0.84,01) 1.00 (1)
£ 2.00°2) 1.26 (1) 364 (&) 0.95 (1) 114 Q) 138 Q) 192 L1 )
3 [e3]
13 227 ) . oo
A 259 @) Loo*a) 102 (1) .00 Q) IRERE
v 1,65 ) 123 (1)
N 1.00 1)
1 4, (2) 100 () 1.21 (2) 1,00 (1) L.7% .96 (1)
v L1y Lot 0.78 1) 1.0 (1) 0.81 (1) 1.00 (I} 0.46  1.0G
¥ 0.83 (1)
F 1.66 (2) 1.9 (2) 158 (2) 1.4z Q1) 0.52
X L 176 (2) 198 (2) 1.10 (1)
M 1000
® 971 (1) 9.88 (1) 0.57 (1) 1.05 (1) 115 (1) 0.6k 1) .
< 0.83 ()
“
s 1t 6 12 3 3 “ 3 3 3
Yield (vmole) 0.8 1.03 034 048 005 030  0.04 0.3 0.05  0.04  0.02
Reatdue 27-32 3343 132-137 138-149  ké-kb  30-37 2932 7072
(Rarg) "™ 058 050 030 0.22 003 0.1 0.2

.
The amount of these smino acide were taken as stsndards.

.
Detected ae 1/2-Cystine
ans

restdues.

“"Mobtlity of each peptide on thin layer electrophorests 1a glven as a ratie to that of argistue (1.90).
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. 19. Gl Fiitration of Pepiic Digest of Apowyoglobin on Sephadex Ge2) (p*)

The digeat ves applied on & Sephadex G—25 column (fine grade, 1.5 cm x
ca) sod eluced 10 O, Z-acetic scid. Each 3.8 ml fraction vas callected ac
ov rate of 22.5 ml/h.
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Fig. 20. Futther of P''I on Sephadex G-50

Zeactdon P*'L (Fig. 19) was freeze-dried, redissolved in D.ZM-accric acid
and chrosatographed on & Sephadex G-30 coluwa (fine grade, 1.4 x 167 c@) £
0. e, cid. Each 3.6 wl fraction vas collected st 4 Flow rate of

Table Il. Amino Acid Composition of Peptic Peptides
P [ARFCSERNN 20 (1) [0S #4 PrIT P''va PV
[} 1.97 (2) 4.0 (2) 1.18 {1) 1.0 (1) 1.9 (2} 1.99 (2}
T 198 () 0.5 0.70
s 105,(1) 1.9,(2) L1S,(1) 0.8 (1) 0.77 (1) 0.88,(1) .
E @00 {4) 3.0 (3) 3.00(3) 2.5 (3) 204 (2) 1.00 (1) 1.00 (1)
P 2,17 (3) 0.8 (1) 047 (1) L6 (1}
¢ L8 (1) 1.1 (1) 052 Q) 1.0 (1) 1.59,(2) 2.20 (D)
A 2,81 (3) 35 (5) L.SL(2) L6 {2} 1.00 (1)
v 125 1) L4 (2) Lez (2) L3 Q) La
M 0.6 (1) 0.34 (1)
1 .72 (2) 1.2 (3) 0.96 (2) 0.82 (1) 0.75 (1)
L 471 (6) 1.8 (2) 151 (2) 1.0 (1) 183 (2)
¥ v.69 (1) 0.57 (1}
F 1,13 (1) 0.9 (1) 0.60 2.58 (3)
L3 .07 () 2.6 (3) 1.69 {2) £.0 (1) 1.98 ()
H 275 (1) 0.7 (1) 1.0 () 0.3 (1) 192 (2)
R 1.08 (1) 0.8 (1) 0.84 (1) 1.08 (1)
c RURT
W @
Total 37 28 18 13 16 14 3
Yield )
o 0,17 014 '™ - - 0.20 v
Residue To-106  110-137 15-32 15-27 138-153 1-14 107-109
TLL (REY 065 0.64 0.1 0.77
TLE (Rarg} 0.20 0. 36 0 0.24

These tesidues were taken 85 the reference amouot.

Tryptophan uas detected by spot test with Enrlich reagent.

Sequence Analysis

Apomyuglobin (0.3 vaole) was subjected 1o 33 cyclew of automatic sequence
analysis using @ Beckman sequencer B9UC with the Quadrol program. Table 12
glves the yield of alno actd at each eycle after hydrolysis with 0.2 M-NaOH.
Carcy over begine at the eleventh cycle of degradaclon and after 15th cycle,
the background tn the amino acid andlysls became signiflcant. Nanomoles ol
each smino acid recovered was calculated as the difference betveen the nano-
woles analyzed on a glven cycle and the nanomoles for that particular amina
acid on the previous cycle. The resldues Ser-3, Tep-7 and Trp-14 were ideati~
fied by thin layer chromatography. The vhole sequence of turtle myoglobin was
deternined aé shown in Fig. } in the aafn psper,

Table 12. Automatic sequence analysis.

Resicue Yiels e

0.2 N NalH
Hydrolyets
mole

1 1y 151 3
2 Loy 140 L
3 ser - s
“ xsp 134 v
5 Asp 126 D
o Glu 63 3
7 oo} - W
8 s 46 n
9 Hgs 7 W
10 Val 98 v
11 Lew 106 L
1z cly 108 G
13 Iie 7.2 1
14 (Trg) - ¥
25 ala 60.7 A
16 Ly 48,3
17 val 50,2
18, Glu 2.6
15 era 6.0
20 Asp 27,1
2 Leu 0.8
22 (ser) -
23 aa 2.7
4 s 139
25 G1y 17.9
20 Gla 25,1
a o 392 bolybrene (0.2 ap) van added {n the
i e 19:3 cup vith apomyoglobtn (0.3 vuole)
30 e 23
3 O ! intelal yleld  0.3%
32 Leu 16,2 repetitive yleld 931
33 Phe 1.7 (Rlew



