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uMMAm' Duck and turkey egg-\\, hite Iysozymes \\, ere purified by CiVl-cellulose
chromatography. Two components of duck Iysozyme and a single component

of turkey Iysozyme \\. ere obtained, and the amino acid compositions of these pro-
teins were determined.

Histidine was not detected in either component of duck Iysozyme.

INTRODUCTION

Immunochemical studies o1T hen egg-white
Iysozyme (HL) have been continued in this
laboratory for several years (Fullo at a/., 1959,
1962 ; SHINi<A at a/., 1962 ; SHINKA, 1963 ;
KuwAHARA at a/., 1966). The cross reactions
between HL and other avian egg-white Iyso-
zymes were also studied. The Iysozymes coin-
pared jinmunochemically \\, ith HL \\, ere those
from dusk (DL) (Fullo at at. , 1962), tuskey
(TL) and quad (QL) (Tmani^hi at at. , unpub-
lished). For better understanding of the jin-
inunochemical differences between these anti-

gens, data on their amino acid compositions
followed by sequential studies are important.
with regard to HL, much information is avail~
able on the amino acid composition and se~
cyan. . (10LLts at "I. , 1963, 1964 ; Canfold,

1963) as \\, GII as the tertiary structure (BLAKE at
a/., 1965). However, as no data ha\, e been pub-
lished on Iysozyme from other sources, amino
acid analyses of DL and TL \\, ere performed.

Furthermore, it has been suggested (FRAEN-
KEL-CONRAT, 1949) that a histidine residue is
possibly involved in the active center of HL.
Preliminary experiments in this laboratory, in
collaboration \\, ith Dr. 1<. Narita (TMANisHi at
a/., 1963) indicated that DL contains no his~
tidine and this casts doubt upon the suspected
role of the histidine residue. This finding
was confirmed in the present \\. ork.

\\;hile preparing this paper, the paper of
TOLLts at a1. (1965) appeared reporting the
amino acid composition of DL. However,
a slight difference can be seen between
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their data and ours.

MATERIALS AND METHODS

I. Hell egg-"hite Iysosy?"e (HL)

HL crystals were prepared directly from egg-
white at its isoelectric point according to the method
of ALDERTON and FEvoLD (1946). They were recry-
stallized three times and purified by chromatography
on a CM-cellulose column, and the main component
was used. The methods for preparation of DL and
TL are described in the " Results. "

2. Awli, 10 acid analysis

A Spinco amino acid analyzer, Model 120B, \\, as
used for amino acid analysis. A 5 ing (approximately
0.3 A mole) sample was dissolved in I inI of borate
buffer at pH 8.0 and heated at 100'C for 10 minutes
and then dried 111 t:@c, ,o to reino\'e contaminating

The procedure for sample hydrolysis
and application to the amino acid analyzer, described

the Instruction Manual AllV1-2 (Beckman,

Spinco Co. ) and slightly modified by TsuciTA and
FRAENKEL-CONRAT (1962), was followed, except that
hydrolysis \\, as carried out at 105'C, =I'C

Tryptophan was calculated from the tyrosine con-
tent and the ratio of tyrosine to tryptophan, which
could be obtained from the ultraviolet absorption

Cary 14MP automatic recordingspectra using a
according to the method ofspectrophotometer

GOODwiN and NIORTON (1946). Cystine was CSti-
mated according to Hirs' method (HiRs, 1956) using
performic acid oxidation

3. Detei',, 1111"t, 'on of 1,101eri, /in' roeight

The molecular weight \\, as estimated by ultracen-
trifugation according to Archibald's method (ARCHi-
BALD, 1947 ; KLAiNER and KEGELEs, 1956). For the
estimation, I per cent solutions of DL and TL in
\1150 phosphate buffered saline, pH 6.0, were used.
The Archibald runs were carried out at 27,160 rpm
and calculations \\, ere made wit!\ data obtained from
the meniscLis and assuming the partial specific \, o1ume
to be 0.7

The preparation method used by Fullo at a/.
(1962) was used with modifications. DL was
first concentrated by adsorption-elution with
bentnite (\Vako Pure Chemicals) according to
th, math. d of ALDERTON at "I. (1945). Thre,
liters of fresh duck egg-white was hornoge-
nized, filtered through gauze and added to an
equal volume of I per cent bentnite suspension
containing I per cent KCl. The mixture was
stirred for 15 minutes with a homogenizer at
room temperature and then centrifuged at
5,000 rpm for 30 minutes in a Servall refrige-
rated centrifuge. The bentnite \\, as washed
three times with one liter of 0.5 M phosphate
buffer, pH 7.5, and then three times with one
liter of 5 per cent pyridine solution. Then, the
DL was eluted with one liter of 5 per cent
pyridine solution at pH 5.0 (adjusted with conc.
HgS04). The Glution was completed within
24 hours' The eluate was dialyzed against
distilled water and Iyophilized. The dried
material was dissolved in phosphate buffered
(MISO, pH 6.0) saline and chromatographed on
a Sephadex G-75 column with buffered saline.
The Iysozyme fractions were pooled and iyo-
philized after dialysis and redissolved in 002 M
phosphate buffer, pH 8.0. One hundred ing of
the material was applied to a CM-cellulose
column a x 30 cm) equilibrated with the same
buffer and Gluted with NaCl in a linear con-

centration gradient up to 0.4 M all containing
0.02 M phosphate buffer, pH 8.0. The results

ammonia

In

RESULTS

I . Piepa, 'atto, a of ofwck a"of till key egg-"htIe
tyro^yin, , (DL and TL)
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FIGURE I Chromatography
crude ducl< Iysozyme
Column size : I x 30 cm ; gradient : 0.02 A1 phos-
phate buffer, pH 8.0, NaCl molarity changed lineary
from O to 0.4 M ; fraction size : 3.2 inI per tube
No enzymic acti\, ity \\. as found in the first t\\. o peaks.

Fr I
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are shown in Fig. I. The t^, o DL fractions
were Techromatographed twice and the horno-
genous, purified preparations \\. ere iyophilized
after dialysis. The patterns of Techromato-
graphy are shown in Figs. 2 and 3.

TL \\, as concentrated on Amberlite CG-50

according to the method of 10LLEs at a/. (1962)
and purified by CM-cellulose chromatography.
Three hundred in I of homogenized, turkey
egg-white \\, as filtered through gauze and mixed
\\'ith an equal volume of 0.2 M phosphate buf-
for at pH 6.5. Then 200ml of Amberlite
CG-50 suspension equilibrated \\, ith the same
buffer was added to the egg-white solution and
the mixture was stirred for 4 hours at room

temperature. After centrifugation, the sedi-
merit \\, as \\, ashed t\\, ice \\, ith the same buffer.

The Glutton was carried out \\, ith 300 inI of

0.8 M phosphate buffer at pH 6.5. The elution
procedure \\, as repeated t\\, ice more. The
pooled eluate \\, as dialyzed against distilled
water and Iyophilized after separation of tofu-

One hundred ing of dried material \\, ere
dissolved in 0.02 M phosphate buffer, pH 5.7,
and dialyzed against the same buffer in the
cold. The dialyzed solution was applied to a
CM-., HUI. ^. coinm" (1.5 x 63 .in) and .lured
with a linear gradient of i*!aCl prepared by
mixing 0.02 M phosphate buffer at pH 5.7 \\, ith
0.5 M NaCl containing 0.02 M phosphate buf-
for, pH 8.0. As shown in Fig. 4, only a single
peal< of TL could be detected. The samples
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FIGLRE 2 A) Rechromatograpl^' of DL Fr. I
B) Second rechrontatograpl^, of DL Fr. I. Con-
ditions are given in the legend of Fig. I
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FIGLRE 3 A) Rechromatograpl^, of DL F1'. 2. B)
Second techromatography of DL Fr 2. Conditions
are given in the legend of Fig. I
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FIGURE 4 Chromatography
crude turkey Iysozyme
CM-cellulose column : 1.5 x63 cm, 0.02 xi phos-
phate buffer, pH 5.7 ; gradient to 0.5 M NaC1-0.02
M phosphate buffer, pH 8.0 ; emuent collected in
11.4 inI fractions ; arro\\. Indicates the beginning of
gradient Glution. The enzymic activity was de-
tected only in the last fraction

I

50 100

Tube !10

: 50

TABLE I

on

containing TL \\, ere pooled, dialyzed in the
cold and Iyophilized and used for amino acid
analysis.

2. am, '"o acz'of co?"POSzh'o71
Of the stable neutral amino acids, glycine

was chosen as the standard amino acid in the

calculation of the amino acid composition be-
cause it was present in greatest quantity.
Based o1\ a value for the molecular \\, eight of
14,000-15,000, determined by Archibald's
method, the most reasonable glycine values
were calculated to be 12 moles per mole of DL
and 13 moles per mole of TL. The contents
of threonine and serine were calculated by ex-

CM. cellulose of

200

amino acz'of coinposzh'o71 of HL

Amino
acid

Lvs

His

-CONH2

Atg

ASP

Thr

Ser

Glu

Pro

Gly
A1a

Cysj2
Val

A, let

lieu

Leu

Tyr

Phe

24 hrs

4.85

0.97

18.21

11.3,

21.02

6.81

9.44

5.29

2.08

12.00

12.03
7.6

5.62

2.13

5.54

8.17

2.96

2.89

4.87

0.97

18.2

11.10

21.1,

6.86

9.45

5.15

2.12

12.00

12.0,

72 hrs

4.75

0.97

19.9,
11.3 "

(residuejmole after 24 hrs and 721Trs hydrolysis)

4.78

1.00

19.58

11.3,

21.24

6.46

8.38

5.03

(258)
12.00

11.91

Extra.

polated
value

20.95
6.45

8.35

5.25

2.24

12.00

12.06

Try

A

B

C

Integr
value

5.65

2.09

5.46

8.00

2.96

?. 87

5.1

1.01

3.12

0.54

6.20

2.18

5.99

8.25

3.02

3.07

7.03

9.99

<18

11

3

Value accord-

ing to 10LLts
and CANFirLD
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6.30

2.15

609

8.37

3.07

3.08

I 13

21

7

10

6

16

11

0.57

1.09

2.95

0.58

>

2

12

12

8

6

2

6

8

3

3

21

7

10

1.09

3

0.59

2

12

12

8

6

2

6

8

3

3

6



trapolating the \, alues obtained from the 24 and
72 hours hydrolysis samples to zero time, while
those of \, allne and ISOleucine were calculated

from the values after 72 hours hydrolysis only.
As can be seen from Tables I, 2.3 and +, the

most remarkable findino was the lack of histi-

dine in both fractions of DL, \\. hile HL con-
tained one mole of ITistidine per mole of HL.
01T the basis of the results of an 10dination ex-
perlment, the latter histidine residue has been
considered to be involved in the catalytic ac-
tivity of the enzyme (FRAENKEL-CONRAT, 1949).

There \\, ere three components found on
amino acid analysis of the Ilydrolyzates of HL,
DL-I, DL-2 and TL, \\. hich could not be

TABLE 2 ,4miiio acid cowbosi/Ibii of DL-I

identified \\. ith kno\\. n amino acids, and \\. ere
designated as A, B and C. The A and B coin-
PODents \\'ere eluted before the lysine peak, in
that order, and the C component \\'as eluted
between glutamic acid and proline.

The values obtained \\. ith HL \\. ere in good
agreement with those obtained by 10Li. ts e/ rr/.
(1963,1964) and CANFiELD (1963), .x. "pt that
5 moles of lysine \\, ere detected in the present
experiments instead of 6.

Amino
acid

Lys

His

-CONH,

ATg

ASP
Titr

Ser

Glu

Pro

Gly

A1a

Cys!2
Val

A, let

lieu

Leu

Tyr
Phe

4.88

o

18.51

13.5,

19.0,
6.88

10.3,
5.17

2.00

12.00

11.0,

7.5

6.48

2.11

5.48

8.10

4.84

1.07

24 hrs

DISCUSSION

On the basis of the results reportcd here, I ,so-
zymes from \, artous sources may be compared.

4.85

o

17.40

13.58

18.9,

6.90

10.3,
5.08

2.06

12.00

11.0,

7211rs

5.16

o

15.9,

13.7"

(residuc!nTole after 241trs and 721trs it\drol}. sis)

5.16

o

16.2, ,

13.7,

18.91
6.64

9.74

5.15

(266)
12.00

11.0,

Extra-

polatcd
value

18.98
6.74

9.72

5.24

2.17

12.00

10.9,

Try
A

B

C

6.34

2.08

5.38

7.95

4.77

106

Tritegr
value

5.8

1.09

1.64

0.47

6.99

10.70

7.11

2.12

5.98

8.32

4.96

0.97

o

<16

14

a

Difference
from HL

7.07

2.08

5.77

8.04

4.92

0.93

1.03

1.59

O. 37

19

7

11

o

-I

( - 2)
+3

1.06

2.54

0.43

3

2

12

11

8

7

2

6

8

-2

o

+I

o

o

o

-I

o

+I

o

o

o

+2

-2

1.06

2.31

0.46

IXIAxisHi, M. at al. Duck and Turkey EgglVhite Lys0$1, mes
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TABLE 3 Him}20 acid co?ftpost'ttb" of DL-2

Amino
acid

Lys

His

-CONH"

Atg

ASP

Thr

Ser

G!u

Pro

Gly

A1a

Cys!2
Val

Met

lieu

Leu

Tyr
Phe

24 hrs

4.98

o

15.1,

14.50

18.97
6.81

9.48

5.11

2.50

12.00

11.00
7.2

6.46

2.15

5.36

8.00

4.91

0.97

4.93

o

15.02

14.2,

18.8,

6.84

9.49

5.24

2.39

12.00

10.95

72 hrs

4.82

o

17.50

15.08

18.78

6.63

8.92

532

2.11

12.00

lio,

(residuelmole after 24 hrs and 72 hrs hydrolysis)

4.92

o

17.37

14.5,

19.38

6.60

8.88

5.05

2.16

12.00

11.0,

Extra.

polated
value

Try
A

B

C

Integr
value

6.25

2.22

5.32

7.88

4.87

0.94

5.8

0.81

(329)
0.50

o

<15

14

.

6.93

9.78

6.96

2.02

5.85

812

4.51

1.11

DL-I and DL-2 appear to differ by one mole
of senne and one mole of amide. As the value

of senne is an extrapolated one, allowance must
be made for about 10 per cent experimental
error and since the amide determination has at

least this amount of experimental error, ob-
served differences in composition must be
regarded as inconclusive.

According to the data from the jinmuno-
chemical analysis of TL made in this laboratory
(TMANisHi at at. , unpubli^had), TL and HL
can be regarded as having almost identical be-
hayior in the quantitative precipitin test and in
gel-diffusion experiments. Nevertheless, TL
apparently differs from HL in several amino

Difference
from HL

7.26

1.83

5.99

8.29

4.67

1.24

19

7

10

0.81

2.98

0.53

o

-I

(- 3)
+3

a

0.18

1.80

0.61

2

12

11

8

7

2

6

8

-2

o

o

o

o

o

-I

o

+I

o

o

o

+2

-2

0.24

1.97

0.59

3

112

acids. The observed differences in the aspar-
tic acid and vanne contents we do not consider

to be significant since the former may be within
the limits of experimental error and the recov-
ery of the latter is influenced by the specific

On the other hand, the differencessequence.

in lysine, histidine, arginine, glutamic acid,
glycine, alanine, Ieucine, tyrosine and phenyl-
alanine compositions can be assumed to be
significant. These differences can be consi-
dered to be present in positions not influencing
the antigenicity of the protein molecule.

DL differs remarkably from HL in the quan-
titative precipitin test and in gel-diffusion ex-
palm, nts (Fullo at at. , 1962). It ^ppar*ntly

BIKE}4 JOURNAL V01.9 No. 2 June 1966



TABLE 4 am, '?10 acid coinposih'oil of TL

Amino
acid

Lys
His

-CONH,

ATg

ASP

Thr

Ser

Glu

Pro

Gly
A1a

Cys!2
Val

A, let

Ileu

Leu

Trv

Phc

24 hrs

5.26

1.72

18.41
9.80

5.30

1.68

18.0,
9.61

19.7,
6.76

9.41

3.21

2.10

13.00

12.9"

7.2

4.61

2.10

5.78

9.09

3.66

2.09

72 hrs

5.99

1.91

18.8t

10.03

20.35
671

8.94

3.21

2.08

13.00

12.8"

19.91
6.86

9.40

3.18

1.94

13.00

12.9,

(residuejmole after 24 hrs and 721Trs hydrolysis)

5.95

2.10

18.9"

9.87

Extra -

polated
\'alue

Trv

A

B

C

20.1,
6.73

8.58

3.10

2.17

13.00

13.29

4.58

2.10

5.72

8.91

3.66

2.12

Integr
\'alue

6

2

<18

10

7.0

0.52

1.92

0.29

5.25

2.09

6.06

9.24

3.96

1.95

differs in several amino acids. For the reasons

giveiT above, the differences in the aspartic acid
and \, allne compositions are ITot considered to
be significant, \\, hile the differences in histidine,
arginine, alanine, tyrosine and phenylalanine
compositions seem to be significant. These
differences can be considered to result in differ-

ences in the tertiary structure in a sufficiently
large portion of the molecules to influence
their antigenic characteristics

10LLts at a/. (1965) differentiated three peaks
of DL by Amberlite CG-50 chromatography.
Ho\\'ever, only two components \\, ere found in
our experiments using CM-cellulose chromato-
graphy. Comparing the amino acid coinposi-

6.89

9.73

Difference
from HL

5.45

2.19

6.15

9.42

4.07

2.01

0.58

1.98

0.26

20

+I

+I

(0)
-I

I

10

3

2

13

13

8

1.04

2.07

0.25

-I

o

o

-2

o

+I

+I

o

-I

o

o

+I

+I

-I

1.07

1.76

0.2+

>

2

6

9

4

2

tions of the components in their experiment
and ours, the first peal< of 10LLts at a/. could
not be found in our experiments, because
their first peak contained one mole of histidine
while their second and third peaks as \\, ell as
DL-I and DL-2 of our experiments all lacked
histidine. The identity of their second peak
\\'ith DL-I and third peak \\, ith DL-2 cannot
be assumed, because the amino acid coinposi-
tions of each pair differ slightly.

The lower content of lysine (- I mole) in
HL of our experiment, than in the results of
10LLts at at. (1963,1964) and CANFiELD (1963),
cannot be regarded as an experimental error,
and studies are being continued to confirm

I\IAXISHi, IVl. at al. Ditch and Turkey Egg-Whale Lysogymes 113



this difference.

In regard to the three unknown components
(A, B and C) seen on amino acid analysis, it is
assumed that they might be either peptides
which are resistant to hydrolysis or breakdown

REFERENCES

ALDERTON, G. , \\;ARD, \V. H. and FEvoDL, H. L
(1945). Isolation of Iysozyme from egg \\, bite
I. Bi'o1. Chem. 157.43-58

ALDERTON, G. and FFvoLD, H. L. (1946). Direct
crystallization of Iysozyme from egg white and
some crystalline salts of Iysozyme. ,I. BIO!. Chei, I.
164, I-5

ARCHiBALD, \\'. I. (1947). A demonstration of some
new methods of determining molecular weights
from the data of the ultracentifuge. .I. PIiys. alld
Colloid Clie",. 51,1204-1214.

BLAKE, C. C. F. , 1<0ENiG, D. F. , MAIR, G. A. ,
NORTH, A. C. T. , PHILLIPS, D. C. and SARMA,
V. R. (1965). Structure of hen egg-white Iyso-

A three-dimensional Fourier synthesis atzyme

2A resolution. Nati, ,'e 206,757-761
CANriELD, R. E. (1963). The amino acid sequence

of egg-white Iysozyme. I. Bi'o1. Cliem. 238,
2698-2707

FRAENKEL-CONRAT, }I. (1949). Mechanism of re-
versible inactivation of Iysozyme by iodine and
sulfite. Fedeiat, 'o11Pioc. 8,198-199

Fullo, H. , KisHicucHi, S. , SHINKA, S. , SAIKi, Y
and AMANo, T. (1959). Immunochemical studies
on Iysozyme. I. Comparative studeis of Iyso-
zyme and Iysozyme metltyl ester. Bi'hell's I. 2,
56-76

Fullo, H. , SAIxi, Y. , TMANisHi, A{., SHINKA, S. and
AMANo, T. (1962). Tmmunochemical studies on
Iysozyme. 111. Cross reactions of ITen and duck
Iysozymes and their methyl esters. B, 'he, , I. 5,
201-226

GOODwiN, T. \V. and A10RTON, R. A. (1946). The
spectrophotometric determination of tyrosine and
tryptophan in proteins. B, 'riche"I. I. 40,628-632

HiRs, C. H. W. (1956). The oxidation of ribonu-
clease with performic acid. I. Bi'o1. Ch, ,, I. 219,
611-621

TMANISHl, M. , SHINKA, S. , Kt;WAHARA, 0. . MIYA-
CAWA, N. and ANANo, T. (1963). Reported at

products of labile amino acids. However,
such components have not been detected in
hydrolyzates of tobacco mosaic virus protein
or the Iysozyme of T4 phage, using the same
methods of analysis.

.

36th Annual Meeting of Japanese Blochemical
Society, in October at Tokyo

10LLtS, P. , ZOWALL, H. , IAUREGUi-ADFLT. , I. at
10LLts, I. (1962). Nou\, elle methode chromato-
graphique de preparation des Iysozymes. I
Chi o111at0, . 8,363-368

10LLtS, I. , IAUREGUi-ADELL, I. , BERNiER, I. at 10LLtS,
P. (1963). La structure chimique de Iysozyme de
blanc d'oeuf de poule : etude detaillCe. Blochi"!
B, '00hys. Act@ 78,668-689

10LLi:s, P. , JALREcui-ADELL, I. at 10LLts, I. (1964)
Le Iysozyme de blanc d'oeuf de Doule : disposi-
tion des ponts disulfures. Co, "pt Relid. acrid
Sci'. 258,3926-3928

10LLts, I. , SPOTORNo, G. and 10LLts, P. (1965)
Lysozymes characterized in dLick egg-\\, hite :
isolation of a histidine-less Iysoz}, me. Aldrin e
208,1204-1205.

KLAiNER, S. All. and KEGELEs, G. (1956). The
molecular \\, eights of ribonuclease and bo\ Ine
plasma albumin. Arch. Bloche, ". BIOphj, s. 63,
247-254.

KU\\, AHARA, 0. , SHINKA, S. , I\IANISHl, I\I. , AlIYA-
CAWA, N. , I\10Ri, T. and ANANo, T. (1966)
Lo\\. molecular \\, eight 3.5 S antibodies in rabbit

ff, ,,, ,. ,. 1~''antisera

SHINKA, S. , INANISHl, A'I. , KLWAHARA, 0. , FCjlO,
H. and Amano, T. (1962). Tmmunochemical
studies on Iysozyme. 11. On the non-neutraliz-
ing antibodies. B, }eJiI. 5,181-200

SHINKA, S. (1963). Symposium on " Irumunochemi-
stry of biologically active proteins ". 111. Tm-
inunochemical studies on egg-\\, bite Iysozyme
Abstract of the Proceedings of the 16th General
Assembly of the Japan Aledical Congress. April
1963, Osaka. p. 396

TsuciTA, A. and FRAENKEL-CONRAT, H. (1962)
The composition of proteins of chemically evoked
mutants of TMV RNA. I. 1,101. PI'o1. 4.73-82

114 BIKE\ JOURNAL V01.9 No. 2 June 1966




