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Summary

The three fragments (CNBr-I, II, and III) obtained by cleavage with cyanogen

bromide from Japanese quail egg-white lysozyme [EC.3.2.1.17] were subjected to

proteolytic hydrolysis. CNBr-I was digested with chymotrypsin, CNBr-II with
t          ′■ヽ▲ヽー｢

trypsin and chymotrypsin, and (〕NBr-III with trypsin. The resulting peptides were
●                                           ●                                                                  ●

isolated by the uses of a ion exchange chromatography on Dowex 1-X2 or Dowex 50-

X2 and a gel filtration on Bio-Gel IL10. The amino acid sequence of the peptides

was determined by Edman degradation. The six amino acid interchanges between

hen and Japanese quail lysozyme are established to be tyrosine for phenylalanme

at residue 3, lysine for asparagine at 19, glutamine for arginine at 21, valine for glycine
●                                   ●                                                                 ●                                                              ●

at 102, histidine for aspartie acid at 103, and asparagine for glutamine at 121.
●

In the preceding paper (1), three fragments were obtained from quail lysozyme

by cleavage with cyanogen bromide. The amino acid sequence of比e N-terminal

region of these fragments was detected by Edman degradation technique. The

present paper reports in detail that further sequence analyses of three fragments

were advanced by the isolation and characterization of tryptic and/or chymotryptic

peptides of the fragments.

Materials and Methods

Lysozyme was isolated from egg-white of Japanese quail {Coturnix coturnix) by

means of the described method in the preceding paper (2). Fragments of CNBr-I3

II, and III were prepared by cyanogen bromide cleavage and puri丘ed as described

in the preceding paper (1). Trypsin and chymotrypsin were products from Worthing-

ton Biochemical Corporation. Cyanogen bromide, trifluoroacetic acid and phenyl

isothiocyanate were obtained from Nakarai Chemicals, Ltd., Kyoto. β-Mercapto-

ethanol was purchased from Wako Pure Chemical Industries, Ltd., Osaka. Bio-Gel

*1 The Department of (〕hemistry, Purdue University, Lafayette, Indiana 47907.

*2　The Department of Biochemistry, University of Washington, Seattle, Washington 98195.
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P-10 (100-200 mesh) was a product from Bio-Rad Laboratories. Dowex　50-X2

and LX2 were products from DOW Chemical Corporation.

Hydrolyses of Fragments with Tryfsin mもd Chymotrypsin -CNBr-I (10　mg/ml)

was dissolved in 1% NH4HCO3 and digested with chymotrypsin (5%　of weighもof

CNBr-I) at 37o for 4 hr. CNBr-II and III were dissolved in 1% NH4HCO3 (10 mg/

ml) and digested with trypsin at 37- for 4 hr in the substrate to the enzyme ratio

of 50:1 and 15:1, respectively.

CNBr-II was dissolved in water and the solution was adjusted to pH 8.0 with 1 N

NH4OH. Chymotrypsin was added twice in a final concentration of the substrate to

the enzyme ratio of 50:1 by weight. The reaction was carried out at 25o for 6 hr.

The pH of the reaction mixture was held constant with the addition of 0.1 N NELOH

using a pH stat (Radiometer TTTl, Copenhagen). After 4 hours all hydrolysates

were freezed-dried.

Chromatographic Fractionation of Peptides - Chymotryptic peptides from

CNBr-I were fractionated on a column (0.9×50 cm) of Dowex 50-X2. The column

was equilibrated with 0.1 M pyridine-formic acid buffer of pH 3.1. The column

was run at 420. Elution was carried out at a且ow rate of 20　ml/hr with linear

gradient composed of 150 ml of 0.1 M pyridine-formic acid buffer, pH 3.1, and 150

ml of 2.0 M pyridine-acetic acid buffer, pH 5.0. The column was stripped with

4.0 M pyridine-acetic acid buffer of pH 5.0. Fractions of 3.0 ml were collected.

Chymotryptic peptides from CNBr-II were fractionated on a column (0.9x 150

cm) of Dowex LX2. The peptides on the column were developed with the starting

solvent of 3% pyridine at flow rate of 30 ml/hr at 260　ExponentIal gradient system

was applied for elution to obtain sharp separation of the peptides. In chromatog-

raphy, after 0.1 e組uent liter was collected, a reservoir which contained the second

solvent of 0.05 M acetic acid was connected to a mixing chamber filled with 0.3 liter
■

of 3% pyridine. The content of the reservoir was substituted for the solvents of 0.1,

0.5, 2.0, and　8.0　M of acetic acid at　0.15, 0.15, 0.10, and 0.15 effluent liters,

respectively. The column was stripped with 8.0 M acetic acid. The eluent was
collected in 2.0 ml fractions.

Tryptic peptides from CNBr-II were fractionated on a column (0.9× 150 cm) of

Dowex LⅩ2 at 260　The column was equilibrated with　3%　pyridine and elution

was carried out at且ow rate 45 ml/hr with two gradient system. In the first system

three cylindrical vessels of an equal diameter were connected in series, in a mixing

●                        ●     ●

vessel and the first reservoir were placed 200 milliliters of 3% pyridine, respectively,

and in the last reservoir was placed 200 ml of 0.2 M acetic acid. In the second

system two vessels were connected in series, 200 ml of 0.2 M acetic acid was placed

in a mixing vessel and 200 ml of 8.0 M acetic acid was added from a reservoir.
●

Fractions of 3.0 ml were collected.

Tryptic peptides from CNBr-III were fractionated on a column (0.8x55 cm) of

Dowex 1-X2 at 260. Elution was carried out at且ow rate　20　ml/hr with two
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gradient system. In the first system three cylindrical vessels of an equal diameter

were connected in series, in a mixing vessel was placed 120 ml of 3% pyridine, m

the first reservoir was placed 120 ml of deionized water and in the last reservoir was

placed 120 ml of 0.5 M pyridine acetate buffer of pH 5.0. In the second system two

vessels were connected in series, 100 ml of 0.5 M pyridine acetate buffer of pH 5.0

was placed in a mixing vessel and 100 ml of 8.0 M acetic acid was added from a
●　　　　●

●

reservoir.

All of the elution pattern was monitored by absorbance at 570 nm in an

Autoanalyzer (Technicon Chromatography Corp.). The fractions were pooled and

peptides were recovered after removal of the solvent by rotary evaporation or lyo-

philization. The isolated fractions were checked for purity by high-voltage paper

electropboresis at pH 3.65 or 6.5. T九e amino acid compositions of仇e peptides鮎0-

tionatfcd by column chromatography and the peptide fragments obtained by further

splitting procedures were analyzed by an amino acid analyzer Beckman/Spmco

Model MS after 24 hr hydrolysis as described in the preceding paper (i). The anaino

acid sequence analysis of peptides was performed by Edman degradation technique
●

(2). In some cases the subtractive procedure (3) was employed.

Results and Discussion

Isolation of Chymotryptic Peptides from CNBr-I -The lyophilized digestion

mixture of CNBr-I was fractionated on a column of Dowex　50-X2　with a linear

gradient composed of pyridine-formic acid and pyridine-acetic acid. The separation
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Fig. 1. Fractionation of the chymotryptic peptides of CNBr-I (4.3 ^moles) on a column (0.9×

50 cm) of Dowex 50-Ⅹ2.

The elution of peptides was performed with pyridine-fromic acid(P-F) and Pyxidine-

acetic acid (P-A) buffers at 42- at a且ow rate of 20　ml per hour. The details are

described in the text. Fractions were pooled as indicated the solid bars.



82　　　　　　M. Kan玉DA, I. KaTO, N. TOMIKAGA, K. TITANI AND K. NABITA

Table I. Amino acid composition of chymotryptic peptides of CNBr-Ⅰ.

Amino Acid　　　　　　〕-1　　　　　　C-2　　　　　　　C-3

Lys ine
Histidine

?inine

CM- Cysteine

Aspartio acid
Threonine

Serine

Glutamic acid

Pro l ine

Glycine
■

Al a,nine

V aline

Isoleucine

Leucine

sine

Phenyl al anine
Homoserine and

lactone

Total

% yield
Fraction no.

1.02(1)

0.91(1)

1. 00(1)

0. 91(1)

2. 45(3)

1. 00(1)

4

55

C-Ⅰ

Values are given in residues per mole. The assumed integral
●

values are indicated in parentheses.

pattern is shown in Fig. 1. Each, fraction was pooled according to the solid bars and

the peptides were recovered after rotary evaporation. Each fraction was checked

for purity by high-voltage paper electrphoresis. The three pure ehymotriptic

peptides are listed m Table I. Pure peptides are designated by Arabic number in the

order that they occur in the fragment, starting at the amino terminus, and fractions

from the original Dowex 50-X2 column chromatography are designated by Roman
●    ●                                                                                                                                                   ●

numerals in order of elution. Fraction C-III and C-IV were subjected to a subtravtive

Edman degradation.

Fraction C-I
I

Peptide C-3; (Ala, Ala, Ala,臥Ser)

This fraction contained a single pure peptide which was composed of three
●

residues of alanine and one of homoserine and its lactone. Assuming that homoser-

me is the carboxy一七erminal residue, this peptide was not submitted to sequence

analysis.
●

Fraction C-III

Peptide C-2; Gly-Arg-CM-Cys (Glx, Leu)

This fraction contained a single pure peptide comprising　5　residues. The

first three residues were obtained by subtractive Edman degradation.

1st Step: Arg, 1.03, CM-Cys, 1.00, Glu, 1.10, Gly, 0.02, Leu, 1.00

2nd Step: Arg, 0.01, CM-Cys, 0.88, Glu, 0.85, Gly, trace, Leu, 1.00

3rd Step: Arg, trace, CM-Cys, 0.ll, Glu,1.00, Gly, trace, Leu, 1.00
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10

H-Lys-Val-Tyr-Gly-Arg-Cys-Glu-Leu-Ala-Ala-Ala-Met

紅　　C-1
蝣蝣蝣^^蝣蝣j

CNBr-I

C-3　ニ　/I

Fig. 2. Amino acid sequence of CNBr-I.

The arrow (-) denotes sequence determined by Edman procedure. Residue number

corresponds to that of the whole molecule. The results of fragment (〕NBr-I is quoted from

the preceding paper (1).

Fraction C-l

Peptide C-2; Lys-Val-I

This fraction also contained a single pure peptide. Two rounds of Edman

degradation were su鮎ient to give the complete sequence of peptide.
●

1st Step: Lys, 0.09, Val.-0.84, Tyr, 1.00

2nd Step: Lys, 0.02, Val, 0.09, Tyr, 1.00

The tentative amino acid sequence of CNBr-I was presented in preceding paper

(2), therefore, CNBr-I was not subjected to further proteolysis by other protease to

obtain a overlap peptide. The amino acid sequence of CNBr-I is shown in Fig. 2.

Isolation of Tryptic Peptides from ONBr-II - The lyophilized digestion mixture

of CNBr-II was fractionated on a column of Dowex 1-X2 with two gradient system.
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Fig. 3. Fractionation of the tryptic peptides of CNBr-II (6.6 /^moles) on a column (0.9 X 150cm)
of Dowex 1-X2.

The details are described in the text.
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Table II. Ammo acid composition

Amino Acid T-l T-2　1　T-3　　　　T-4　　　　T-5　　　　　-6

Lysine
●

Histidine

Arginine

CM-Cysteine

Aspartic acid
Threonme

Serine

Glutamic acid

Prolme

Glycine●

Al a′nine

Val ine

Isoleucine

Leuoine

sine

Phenyl al anine

Tryptophan

Homoserine and lactone

Total

% yield

Fraction no.

1. 00(1 0. 90(1)

1. 00(1) 1.00(1)

0. 95(1)

1.82(2)

4

30

T- XIII-

2

1.ll(1

1.13(1

0. 91(1)

0. 89(1)

1.00(1)

2.38(2)

0. 93(1)

1.09(1)

0. 54(1

10

m

T-XI

The pattern depicted in Pig. 3 was obtained. Each fraction was pooled according to

the solid bars. The peptides were recovered after rotary evaporation and was

examined for purity by high-voltage paper electrophoresis. The further purifica-

tion of peptides from this chromatogram, in most cases, was necessary. The

purification of impure pools were carried out by chromatography on columns of

Dowex 50-X2 (or l三X2) or Bio-Gel P-10. The amino acid composition of the

pure peptides is summarized in Table II.

Fraction T-I

Fraction T-I was subfractionated on Dowex 50-X2. The separation pattern is
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Fig. 4. Fractionation of (コNBr-II-T-I on a column (0.9 × 50cm) of Dowex 50-X2.

The chromatography was carried out at 42o at a且ow rate of 25 ml per hour.

Fractions of 2.5 ml were collected.
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of the tryptic peptides of CNBr-IL

85

shown in Fig. 4.

Fraction T-I-2

Peptide T-l and T-12; Lys

Only lysine was identified, after acid hydrolysis. Electrophoretic mobility at pH

3.7 was identical with that of authentic lysine.
●

Fraction T-I-3

100

Tube　〃uMBER

ご　　　　　　　0.1 h, P-F, pH 3.1 ◆2.0ォ, P-A, pH 5.0

Fig. 5. Factionation of CNBr-II-T-I-3 on a column (0.9×50 cm) of Dowex 50-X2.

The elution of peptides was performed with three chamber system (in both the

mixing chamber and the first reservoir chamber were placed 0.1 M pyridine-formic
●    ●

acid buffer of pH 3.1, respectively, in the second reservoir chamber was placed

2.0 M pyridine-acetic acid buffer of pH 5.0). This chamber system was used

throughout these chromatographic methods on Dowex 50-X2. The chromat0-

graphy was carried out at 42- at a且ow rate of 34ml per hour. Fractions of 3.4I

ml were collected.
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This fraction was found to be impure and was subsequently fractionated on

Dowex 50-X2. Two peptides were obtained from this chromatography as shown

m Fig.5.

Fraction T-I-3-1

Peptide T-3; Arg

Only arginine was identified, after acid hydrolysis.

●     ●                                                                                                                                        ●

Fraction T-I-3-2

Peptide T-10; Thr-Pro-Gly (Ser, Arg)

Peptide T-10 was subjected to three rounds of Edman degradations. From
●                     ●     ●

the specificity of trypsm, argimne is expected to be carboxy-termmus.

Fraction T-I-8

Peptide T-2; (Lys, Arg)

The sequence of the peptide has been already elucidated by Edman degrada一

七ion of fragment CNBr-II as described in the preceding paper (i).

Fraction T-I V

Three peaks were appeared after Dowex 50-X2 purification as shown in Fig. 6.

Fraction T-IV-3 contained a pure peptide, T-13.

Fraction T-IV-3

Peptide T-13; (Lys, He, Val, Ser, Asx, Val, His, Gly, H-Ser) This peptide has

exactly the same composition as T-14, except for the presence of lysine.
●

Fraction T-V

One pure peptide was obtained after Dowex 50-X2 purification as shown in Fig.

7.

Fraction T-V-2

Peptide T-4; (His, G-ly, Leu, Asx, Lys)

The sequence of the peptide has been already elucidated by Edman degradation

of CNBr-II as described in the preceding paper (1).

Fraction T-VII

Peptide T-7; The-Glu-Ser-Asn-Phe-Asn-Thr (Glx, Ala, Thr, Asx, Arg)

This fraction contained only a single peptide, T-7. The seven residues were

T-IV-1 T-IV-2

T-V-3

-

0　　　　　　　　　　50　　　　　　　　1C氾　　　　　　　　150　　　　　　　　200

Tube Number

だ　　　　　　　　0.1h, P-F′ pH3.0+2.0m, P-A, pH5.0

Fig. 6. Fractionation of CNBr-II-T-IV on a column (0.9 ×50cm) of Dowex 50-X2.

The chromatography was carried out at 42o at a且ow rate of 20 ml per hour.

The e用Iuent was collected in 2.0 ml fractions.
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Fig. 7. Fractionation of (〕NBr-II-T-V on a column (0.9×50cm) of Dowex 50-X2.

The chromatography was carried out at 42- at a且ow rate of 25 ml per hour.

Fractions of 2.5 ml were collected.
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Fig. 8. Fractionation of CNBr-II-T-IX on a column (0.9×50cm) of Dowex 50-Ⅹ2.

The chromatography was carried out at 42- at a且ow rate of 25 ml per hour.
Fractions of 2.5 ml were collected.

identified by Edman degradation.

Fraction T-IX

Subfractionation of this fraction was carried out on Dowex　50-X2, and the

separation pattern is shown in Fig. 8

Fraction T-IX-2 and T-IX-3

Peptide T-14; Ile-Val-Ser-Asp-Val-His (Gly, H- Ser)

The composition of鮎ction T-IX-2 was identical wi仙T-IX-3. These ､peptides

have exactly the same composition as T-13, except for the absence of lysine, and

●

were subjected to six Edman degradation. Assuming that homoserine is the

carboxy-terminal residue, this information gives the complete structure.
●

Fraction T-XI

Peptide T-6; Ser-Leu-Gly-Asn-Trp-Val (CM-Cys, Ala, Ala, Lys)

This fraction contained a single peptide comprising 10 residues. The six residues

were identified by Edman degradation. The first three residues have been elucidated

by Edman degradation of CNBr-II in the preceding paper (2).

Fraction T-

Subfractionation of this fraction was carried out on Dowex 1-X2　as shown m

Fig. 9. Fraction T-XIII-5　was further purified by gel filtration on Bio-Gel P-10
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as shown in Fig. 10.

Fraction T-XIII-2

Peptide T-5; (Tyr, Glx, Gly, Tyr)

The peptide was neutral on high-voltage paper electrophoresis at pH 6.5,

indicating the Glx residue to be glutamine. The peptide was produced by

cleavage at tyrosine residue in high yield. Any other peptide produced by the

other abnormal cleavage was not observed.in the tryptic peptides. The sequence

of the peptide lias been elucidated by Edman degradation of CNBr-II in the

preceding paper (1).

Fraction T-XIII-5-3

Peptide T-ll ; Asn-Leu-CM Cys-Asn-Ile-Pro-CM-Cys-Ser-Ala-Leu (Leu, Ser, Ser,

Asx, He, Thr, Ala, Ser, Val, Asx, CM-Cys, Ala, Lys)

Peptide was subjected to ten Edman degradations.

Fraction T-XIII-5-4

Peptide T-8; Asn-Thr-Asp-Gly (Ser, Thr, Asx, Tyr, Gly, He, Leu, Glx, He, Asx,

Ser, Arg)

Peptide was subjeced to four Edman degradations.
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Fig. 9. Fractionation of CNBr-II-T･XIII on a column (0.9×50cm) of DowexトⅩ2･

The elution of peptides was performed with an exponential gradient system as

described in Fig. ll. The chromatography was carried out at 25o at a且ow

rate of 20ml per hour. Fractions of 2.0ml were collected.
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Fractions of 2.0 ml were collected and monitored by ninhydrin method after alkaline
●

hydrolysis.
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Fraction T-XIH-5-5

Peptide T-9; Trp-Trp-CM-Cys-AsnJAsp (gly, Arg)

Edman degradation revealed the sequence of　5　residues from the ammo

terminus. From the specificity of trypsin, arginine is expected to be carboxy-

terminus.

Isolation of Chymotryptic Peptides from CNBr-II - The elution pattern of

chymotryptic peptides from Dowex 1-X2 is shown in Fig. ll. Each fraction was

pooled and examined for purity by high-voltage paper electrophoresis. Impure pools

were purified on chromatography of Dowex LX2 or 50-X2 0r gel filtration on Bio-

Gel P-10. The amino acid composition of the pure peptides is summerized in

Table III.

Fraction C-I

This fraction was purified on Dowex 50-X2 as shown in Fig. 12.

Fraction　0-1-3　and C-I-4

Peptide C-ll; CM Cys-Ala-Lys-Lys-Ile-Val (Ser, Asx, Val, His, Gly, H-Ser)

Both fraction C-I-3 and C-I-4 were found to possess a si鴫Ie peptide which had
●

an identical composition, respectively. Peptide C-ll was subjected to six Edman

degradations.

Fraction C-II

Peptide G-7; Gln-Ile-Asn (Ser, Arg, Trp, Trp)

Tbis鮎ction contained a single peptide. T九e initial　比ree residues were

identified by Edman degradation.
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Table III. Amino acid composition of

Amino Acid　　　　　　　　〕-1 C- 3　　　　　　C-4　　　　　　0-5

Lysine●

Histidine

Arginine
CnA･ Cysteine

Aspartic acid
Threonme

Serine

Glutamic acid

Pro hne
●

Glycme

Al anine

Val ine

Isoleucine

Leucine

Tyros me

Phenyl alanine

Tryptophan
Homoserine a.nd lactone

Total

% yield

Fraction no.

0. 94(1)

1. 86(2)

0. 86(1)

1.00(1)

6

31

C-VII-4

0. 95(1)

4

m

C-XXI-1

0.91(1)

4. 50(5)

3. 50(4)

O.<

1.12(1

1. 15.(1)

1.00(1

0.87(1)

15

3

C-XIX-

1-2

1. 04(1)

2. 82(3)

2. 08(2)

1.18(1)

1.00(1)

1. 08(1)

9

24

C-XXI-3

Fraction C-yII

This fraction was purified on Dowex 50-X2 as shown in Fig. 13.

Fraction C-VII-3

Peptide C-6; Gly-Ile-Leu

Two rounds of Edxnan degradation gave the complete structure.

Fraction C-VII-4

Peptide C-2; Val-CM-Cys-Ala-Ala (Lys, Phe)

The first four residues were obtained by Edman degradation.

Fraction C-アII-6

Peptide C-ll

This fraction contained the same peptide found in the fraction C-I-3 and C-I-4.

Fraction G-VIII

Subfractionation of this fraction was carried out on Dowex　50-X2　as shown

in Fig. 14.

Fraction G-VIll-3

Peptide 0-8; (CM Cys, Asx, Asx, Grly, Arg, Thr, Pro, Gly5 Ser, Arg, Asx, Leu)

Fraction G-XV

PepUde C-1; (Glx, Gly, Tyr)

This fraction contained a single peptide. The peptide was basic on high-voltage

paper electrophoresis at pH 6.5, indicating the Glx residue to be glutamine.
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chymotryptic peptides of CNBr-II.
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Fraction C-XVIII

Peptide C-10; Ser-Ser-Asp-Ile-Thr-Ala (Ser, Val, Asx)

This fraction also contained a single peptide. The first six residues were

obtained by Edman degradation.

Fraction C-XIX

This fraction was purified by gel filtration on Bio-Gel IL10 as shown in Fig. 15.

Fraction C-XIX-1 was further purified by a high-voltage paper electrophoresis at

pH3.65.

C■ト1

C-I-3

C●ト2 Cー… C-I-5

- 一

150　　　　　　　　　200

Tube Number

だ　　　　　　　0.1m> P-F, pH3.0+2.0m, P-A, pH5.0

Fig. 12. Fractionation of CNBr-II-C-I on a column (0.9×50cm) of Dowex 50-X2.

The chromatography was carried out at 28- at a且ow rate of 25 ml per hour.

Fractions of 2.5 ml were collected.
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Fraction C-XIX-1-2

Peptide C-4; Asn-Thr-Gln-Ala-Thr-Asn (Arg, Asx, Thr, Asx, Gly, Ser, Thr, Asx,

Tyr)

The first six residues were obtained by Edman degradation.

Fraction C-XXI

Subfractionation of this fragment was carried out on Dowex 50-X2 and the

separation pattern is shown in Fig. 16.
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㌃　　　　　-　0.1m, P-F, pH3.0◆2.Oh. P-A,州5.0　　　　　　　H

Fig. 13. Fractionaもion of CNBr-II-C･VII on a column (0.9× 50cm) of Dowex 50-X2,

The chromatography was carried out at 30- at a且ow rate of 25 ml per hour.

Fractions of 2.5 ml were collected.
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-- ′ 一 ■

100

K一　　　一　0.1n, P-F, pH3.0+2.0m, P-A, pH5.0

Pig. 14. Fractionation of (〕NBr-II-C-VIII on a column (0.9×50cm) of Dowex 50-X2.

The chromatography was carried out at 40o at a且ow rate of 25ml per hour. Fractions

of 2.5 ml were collected.
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Fig. 15. Gel filtration of CNBr-II-C-XIX on a column (1.5x95cm) of Bio-Gel P-10.

The details are described in the Fig. 10.
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0　　　　　　　　　　　50　　　　　　　　　　100　　　　　　　　　　150

Tube Nunber

O.1m, P-F, pH3.0+2.On, P-A, pH5.0　　　　　-一文

Fig. 16. Fractionation of (〕NBr-II･C-XXI on a column (0.9× 50cm) of 】Dowex 50-X2.

The chromatography was carried out at 30- at a且ow rate of 25 ml per hour.

Fractions of 25 ml were collected.

Fraction G-XXI-1

Peptide C-3; (Glx, Ser, Asx, Phe)

Fraction C-XXI-3

Peptide C-5; Arg-Asn-Thr-Asp-Gly (Ser, Thr, Asx, Tyr)

Peptide C-5 was found as corresponding to the C-terminal region of peptide
●

C-4･ me鮎st丘ve residues were obtained by 】∃dman degradation.

Fraction C-XXIII

Petpdie C-9; CM Cys-Asn-Ile-Pro-CM Cys (Ser, Ala, Leu, Leu)

This fraction contained a single peptide. The first five residues were obtained

by Edxnan degradation.

Alignment of Tryptic and Chymotryptic Peptides from CNBr-II- The tentative

alignment of the tryptic and chymotryptic peptides is shown in Fig. 17. The residue

number corresponds to that of whole molecule of lysozyme. In each line, the

tryptic peptides are positioned above and the chymotryptic peptides below the

sequence. The alignment of the first 14　residues, position 13-26, 0f fragment

CNBr-II have been indicated in the preceding paper (2). Peptides, TJ T-2 (T-1

plus T-3), T-3, T-4, T-5 and the first three residues of T-6 were involved in this 14

residues. Peptide C-2 was positioned at the carboxy-terminus of T-6 0n the basis of

its composition. Carboxy-terminal Lys of T-6 was deduced from the four rounds

Edman degradation of C-2. By subtraction of the assigned residues (29-33) from

C-2, phenylalanine was assigned to carboxy-terminus of C-2. Only peptide T-7

had the amino terminal Phe, therefore, peptide T-7 must follow peptide T-6. T-7

was completely determined by Edman degradations of T-7, C-4 and C-5. The

alignment of T-7 and T-8 is supplied by C-4. The first four residues (46-49) of T-8

were obtained by Edman degradation of T-8 and C-5, but the four residue segment

(50-53) was not ordered from these peptides. The alignment at positions, 60-61,

67-68, and 72-73 were placed tentatively from the specificity of trypsin. The

alignment of T-8 and T-9 is supplied by C-7, and that of T-9, T-lO and T-ll is

supplied by C-8. The carboxy-terminal Leu of C-9 was deduced by subtracting the
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K-T-2｢d

ド-1*T-3粁- . --　T-4 --汁- -T-5
15　　　　　　　　　　　20　　　　　　　　　　　　25 30

Lys-Arg-Hi s-Gly-Leu-Asp-Lys-Tyr-Gl n-Gly-Tyr-Ser-Leu-Gly-Asn-Trp-Va i -Cys-Ala-Ala-

匿- C-l-功　　　　　　　　　■　　tく　　　　　c⊥2 -
蝣蝣^蝣蝣^蝣蝣蝣^蝣1

CNBr-Ⅰ Ⅰ
｢　　　　　｢　　　　　｢　　　　　｢　　　　　｢　　　　　｢　　　　　｢　　　　　｢　　　　　｢　　　　　｢　　　　　｢　　　　　｢　　　　　｢　　　　　｢

一半三　　　二三コ雪⊥1｢　　　　　　蝣*-,一つ｢-1 --
35　　　　　　　　　　　　40　　　　　　　　　　　　45　　　　　　　　　　　　50

Lys-Phe-Gl u-Ser-Asn-Phe-Asn-Thr-Gl n-Ala-Thr-Asn-Arg-Asn-Thr-Asp-Gly(Ser ,Thr ,

ー-一一米　　　C-3

55

iiiiiiik iiib iiiiii] iiiiiiiiiiiq iiiiiiii] iiiiiiiij

に-　　　　　　C-5
｢　　　　　　｢　　　　　　｢　　　　　　｢　　　　　　｢

T-8　-　　　　　　　　米･　　T-9

60

mmm^mmm^mam mIKmim mmKm. -

65　　　　　　　　　　　　70

Asx ,Tyr)Gly-ne-Leu-Gln-Ile-Asn-Ser-Arg-Trp-Trp-Cys-Asn-Asp-Gly-Arg-Thr-Pro-

=㌣望-~隼~~三~~~三二C-7

-十10　rrrrTrrr二手jJJ｢　　　　　　　　　　　■　　｢　　　　　｢　　　　　｢　　　　　｢　　　　　｢　　　　　｢　　　　　｢　　　　　｢　　　　　｢　　　　　｢

75　　　　　　　　　　　　80　　　　　　　　　　　　85

Gly-Ser-Arg-Asn-Leu-Cys-Asn-Ile-Pro-Cys-Ser-Al a-Leu-Leu-Ser-Ser-Asp-Ile-Thr-

90　　　　　　　　　　　　95

T-12七≒ T-14
100　　　　　　　　　　105

Ala (Ser,Val ,Asx)Cys-Ala-Lys-Lys-I le-Val -Ser-Asp-Val -His-Gly-Met

蝣蝣蝣F i
c-n　-　　　- ･メ

Fig. 17. Tentative alignment of the tryptic and chymotryptic peptides of CNBr-II.

The tryptic peptides are indicated double-headed arrows above the residues, while the

chymotryptic peptides are listed in the same manner below the residues. The results of

CNBr-II is quoted from the preceding paper (1). The small single-headed arrows refer to

assignment by Edman degradation. Residue number corresponds to that of the whole
●

molecule. Residues within parentheses were deduced from amino acid analyses.

assigned residues (76-83) from the composition of C-9. The remainder of T-ll was

deduced from C-10 and C-ll, but three residue segment (9ト93) was not determined.

The alignment of T-ll and T-13 is supplied by C-ll.

Isolation of Tryptic Peptides from CNBr-III- The lyophized digestion mixture

of rIll was fractionated on a column of Dowex 1-X2 with two gradient systems

as shown in Fig. 18. Each fraction was pooled and examined for purity by high-

voltage paper electrophoresis. Impure pools, T-III, T-V and T-VI, were purified on
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50100
TubeNumber

K-5‡PM/
/TV-3‡P+0.5m,P-A,pH5.0

95

Fig. 18. Fractionation of the tryptic peptides of CNBr-III (3.5 ^moles) on a column (0.8×55

cm) of DowexトⅩ2.

Every 3.0 ml was collected at a且ow rate of 30 ml perhour. The details are described in

the text.

Table IV. Amino acid composition of tryptic peptides of (〕NBr-IIL

Amino Acid T-l T-2　　　T-3　　　T-4　　　T-5　　　T-6　　　T-7　　　T-8

Lysme
Histidine

Arginine

CM-Cysteine

Aspartic acid
Threonine

Serine

Glutamic acid

Prolnie

Glycine
●

Alanine

Val ine

Isoleucine

Leucme

Tyrosme

Phenyl al anine

Tryptophan
Homoserine a.nd

l actone

Total

% yield
Fraction no.

2. 06(2)

L OO(l)

0. 96(1)

0. 96(1)

0. 96(1)

2. 00(2)

0. 94(1)

0.96(1)

1.00(1)

1.20(1)

0. 87(1)

1. 00(1)

0. 98(1)

0.92(1)

0. 83(1)

1. 08(1)

1.10(1)

1.00(1)

1.20(1)

1.05(1

1. 00(1)

1.06(1) 1. 00(1)

columns of Dowex 50-X2 or Bio-Gel P-10. The amino acid composition of the pure
/

peptides is summarized in Table IV.

Fraction T-I

Peptide T-2; (Asx, Arg)
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This fraction contained a single pure peptide T-2. The peptide was basic on

high-voltage paper electrophoresis at pH 6.5, indicating the Asx residue to be
●

asparagme.

Fraction T-l

Peptide T-8; Leu

This fraction contained only leucine residue. Since CNBr-III had one mole

residue of leucine, it could be estimated free leucine.

Fraction T-III

1
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だ0.1M, P-F, pH3.1+2,Oh, P-A, pH5.0岩

Fig. 19. Fractionation of CNBr-III-T-III on a column (0.9×50cm) of Dowex 50-X2.

The qhromatography was carried out at 42o at a且ow rate of 20ml per hour. Prac-

tions of 2.0 ml were collected.

0　　　　　　　　50　　　　　　　　100　　　　　　　150

Tube

Fig. 20. Gel filtration of CNBr-III-T-V on a column (1.0× 100cm) of Bio･Gel P-10.

The details are described in the Fig. 10.
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Fig. 21. Gel filtration of CNBr-III-T-VI on a column (1.0× 100cm) of Bio･Gel P-10.

The details are described in the Fig. 10.
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106　　　　　no l15　　　　′　　120　　　　　　　125　　　　　129

Asn-Ala-Trp-Val -Al a-Trp-Arg-Asn-Arg-Cys-Lys-Gly-Thr-Asp-Val -Asn-Al a-Trp-I l e-Arg-Gly-Cys-Arg-Leu.OH

紅　　　　T-l一十T-2-栄- T-3
i ii iT-5　--　--ザ三三竺-づ灯-8⊥剖

T- 4　　　　　　　　　　-#-　　T- 7
iid iiiiiii]

CNBr-III
｢｢｢｢･｢｢｢｢rrrrr

Fig. 22. Amino acid sequence of CNBr-III.

The arrow (-) denotes sequence determined by Edman procedure. The

CNBr-Ill is quoted from the preceding paper (i). Residue number corresponds
the whole molecule.

∫

 

∫

0
 
0蕊

S

｣
5

Subfractionation of this fraction was carried out on Dowex 50-X2 as shown in

Fig. 19 and two peptides were obtained.

Fraction T-IH-3

Peptide T-7; Gly-CM-Cys (Arg, Leu)

Fraction T-III-2

1　　　　　　　　　　　　　　　　　　　　　10

Hen Lys-Val -Phe-61y-Arg-Cys-Gl u-Leu-Al a-Al a -Al a -Met-Lys -Arg-Hi s-
~ ~~~   __

Japanese Quail Lys-Val -Tyr-Gly-Arg-Cys-Glu-Leu-Ala-Ala-Ala-Met-Lys-Arg-Ms-

20　　　　　　　　　　　　　　　　　　　　　　　　30

Gly-Leu-Asp-Asn-Tyr-Arg-Gly-Tyr-Ser-Leu-Gly-Asn-Trp-Val -Cys -Al a -Al a -Lys-Phe-~         I

Gly-Leu-Asp-Lys-Tyr-Gln-Gly-Tyr-Ser-Leu-Gly-Asn-Trp-Val -Cys-Ala-Ala-Lys-Phe-
~　　　　_　　　　　　　　　　　　　　　　　　~て_

40　　　　　　　　　　　　　　　　　　　　　　　　50

Gl u -Ser-Asn -Phe-Asn -Thr-Gl n-Al a -Thr-Asn -Arg -Asn -Th卜Asp -Gly-Ser-Thr-Asp-Tyr-

Glu-Ser-Asn-Phe-Asn-Thr-Gl n-Ala-Thr-Asn-Arg-Asn-Thr-Asp-Gly(Ser ,Thr ,Asx ,Tyr)

60　　　　　　　　　　　　　　　　　　　　　　　　70

Gly- I le- Leu- Gl n- n e-Asn-Ser-Arg-Trp-Trp-Cys-Asn-Asp- Gly-Arg-Thr-Pro-Gly-Ser-

Gly-Ile-Leu-Gln-I le-Asn-SeトArg-Trp-Trp-Cys-Asn-Asp-Gly-Arg-ThトPro-Gly-Ser-

80　　　　　　　　　　　　　　　　　　　　　　　　90

Arg-Asn-Leu-Cys-Asn-I le-Pro-Cys-Ser-Ala-Leu-Leu-Ser-Ser-Asp-Ile-Thr-Ala-Ser-

Arg-Asn-Leu-Cys-Asn- ne-Pro-Cys-Ser-Ala-Leu-Leu-Ser-Ser-Asp- Ile-Thr-AlaC Ser,

TOO no

Val -Asn-Cys -Ala-Lys-Lys -I le-Yal -Ser-Asp-Gljf-Asp-Gly-Met-Asn-Al a-Trp-Val -Ala-

Val ,Asx) Cys-Ala-Lys-Lys- I le-Val -Ser-Asp-VaJ-His-Gly-Met-Asn-Ala-Trp-Val-Ala-

120　　　　　　　　　　　　　　　　　　　　129

Trp-Arg-Asn-Arg-Cys-Lys -Gly-Thr-Asp-Val -Gl n-Ala-Trp-I Ie-Arg-61y-Cys-Arg-Leu
~~ ___

Trp-Arg -Asn -Arg-Cys -Lys -Gly-Thr-Asp-Val -Asn -Ala-Trp- I l e-Arg-Gly-Cys -Arg-Leu
-■■

Fig. 23. The amino acid sequences of hen and Japanese quail lysozymes.

The sequence of hen lysozyme was taken from the paper by Canneld (4). The positions of

the undetermined sequence of quail lysozyme are shown in parentheses. Asx is used when

the acid or the amide form of aspartic acid residue has not been established. The underlined

residues are different from the corresponding amino acid of hen lysozyme.
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Peptide T-6; Gly-CM-Cys-Arg

Peptide T-6 was identified as corresponding to peptide T-7, with one less residue.

Each two rounds of Edman degradation of both T-6 and T-7　were sufficient to

structure　也ese peptide, respectively.

Fraction T-IV

Peptide T-3; (CM-Cys, Lys)

This fraction contained a single pure peptide.

●

Fraction T- v

This fraction was purified on Bio-Gel P-10 as shown in Fig. 20.

Fraction T-V-l

Peptide T-5; Gly-Thr-Asp-VaLAsn-Ala-Trp (He, Arg)

Fraction T-VI

Subfractionation of this fraction was carried out on Bio-Gel P-10 as shown in

Fig. 21. Two peptides were obtained in major yield. By inspection of the

composition, T-4　and T-5　appear to be derived from the same portion of the

molecule.

Fraction T-VI-3

Peptide T-4; (CM-Cys, Lys, Gly, Thr, Asx, Val, Asx, Ala, Trp, He, Arg)

Fraction T- V1-5

Peptide T-1; (Asx, Ala, Trp, Val, Ala, Trp, Arg)

The first 13 residues of CNBr-III were determined by Edman degradation as

described in the preceding paper (2). By the citation of these results the tryptic

peptides of CNBr-III except peptide T-7 could be aligned consistently, while, peptide

T-7 must be the carboxy一七erminal peptide of CNBr-III. The amino acid sequence

of CNBr-III is shown in Fig. 22.

Amino Acid Sequence of Japanese Quail Egg-White Lysozyme- The tentative

amino acid sequence of Japanese quail egg-white lysozyme accounts exactly for its

amino acid composition. The ammo acid interchanges between hen and Japanese

quail lysozymes is established at the residue Nos. 3, 19, 21, 102, 103, and 12.1 as

shown in Fig. 23.
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