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Fig. 1. DEAE-cellulose column chromatography of the ST-ovalbumin.
Both of Serva and Brown company’s DEAE-cellulose were used for column

chromatography. Column ; 1.8X6¢m, Fraction size ; 5ml, Buffer; 0.05 M
Tris-HCI, pH 8.1, —o—o— Protein,

Concn. of salt.
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Fig. 2. Electrophoretic diagrams of the albumin fraction and the ST-ovalbumin

(ascending side).

Buffer; acetate, pH 4.0, p = 0.1, Mobility unit; 1073 cm?/sec. volt.
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Fig. 3. Mobility of the ST-ovalbumin at differ-
ent pH values on the ascending side (at
15°C).
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Component a b c total
Protein (mg) | 177.3 | 40.4| 5.2  222.9

Index 795 181| 2.4 100
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Fig. 6. Gel filtration of the albumin fraction* on Sephadex G-75.
Column ; 2. 2x52¢m, Fraction size ; 5ml, Buffer ; 0. 1M

acetate, pH 4. 5.

# Obtained by the salting-out method.
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Fig. 7. Gel filtration of the ST-ovalbumin and chicken ovalbumin on Sephadex G-160.

Column ; 2. 2 X54¢m, Fraction size ; 5ml,
Buffer ; 0. 1M NaCl-0. 05 M Tris-HCI, pH 8. 1.
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Fig. 8. Gel filtration of the ST-ovalbumin on 3 different forms of Sephadex.
Column ; 2. 2 X54¢m, Fraction size ; 5ml,

Buffer ; 0. 1 M acetate, pH 4. 5.
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Fig. 9. Gel filtration of the ST-ovalbumin on Sephadex G-100 column with the buffer
containing the different amounts of urea.

Column ; 2. 2X 54¢m, Fraction size ; 5ml.
Buffer ; (A) 5M urea in 0. 1M acetate, pH 4. 8.

(B)
©

5M urea in 0. 1 M phosphate, pH 8. 3.
8 M urea in 0. 1M phosphate, pH 8. 0.

(D) 7M urea in 0. 1M carbonate, pH 10. 6.
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Fig. 10. Gel filtration of the ST-ovalbumin on Sephadex Column with the buffer
containing 10-3 M ethylenediamine tetraacetate and 7 M urea.
(A) 0.1 M acetate, pH 4. 8, Sephadex G-100.
(B) 0.1 M Carbonate, pH 10,0, Sephadex G-150.
Column ; 2. 2 X 54¢m, Fraction size ; 5ml.
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Fig. 11. Gel filtration of the ST-ovalbumin
reduced with 1M thioglycolate on
Sephadex G-100.

Column ; 2.2X54cm,
Fraction size ; 5ml,
Buffer; 8 M urea in 0. 1M
phosphate, pH 8.0,
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Chicken ovalbumin 1 % soln. 5m/+1N HCL

ST-ovalbumin 1 % soln. 5m/+1N HCI.

The numbers show the volume of hydrochloric acid.

ST-ovalbumin 2 % soln. 5ml+1 NHCI.

The numbers show the volume of
hydrochloric acid.

ST-ovalbumin 1 % soln. 5m +HCI 2ml.

The numbers show the concentration
of hydrochloric acid.

Fig. 12. Coagulation of ST-ovalbumin with hydrochloric acid

By, el 10 58S 20, B0
L C BB P oRFEREREYME L. 20T,
BAESEEYUHBEECR LTy P L, 260
7o R D2 A RO BEEIRE & Lic, AERE L%
FEABE L OBRMEAE RN IBIcEREL L ERL
7. Fte, 1% B L00.1% KIS MBL 0%
B FIM R L.

FOBE ST-AAE717 3 vORBRE L=
VIR 7 A7 S v o 64°C i R LT 1L°C |/, 75°C
ThHI EDbh ot

B D ek X 5, DiEtb oz 1.6%, X
LD BHEERIL8.57% ThHoTeh, Tofi
HHAETEOEREESEYIE TS L 0.86%1Cin 5.
Toffiz=v r ) IEk LIEF e S, HaRIia
A LT LB LgwEINE LT, dRIIRoRE
HEEHNFEF RN &, e, AKAET L &

PENST-AXE7A7 3 v BgE L& &
NEZLRA.
BIEREYNET 58, RBBlerTiie=7
FUVIIAT AT oSS LR, BB LER
BEEB LTk Y, BE LREOREERFENRRS
ERRBERE. Tihobb, 2% KB T 75°C LT
CRWT, TCBEEIME L TW AR bbb, ki
[ELERed S ited - 1o

SE i, 0.1% ST-#E717 I v KEBK (75°C,
95°C e X - CTHEE, BENEDLRIE D
X 13 0 BEEER) % —FIRE T 10 5% - 7o, K&
LERi b & LRk 2T, Bz 101 BA50HE
HEeHCTRINA~N 2 PAZHIEL, RAOABELOXEY
RDTEARZ bR LI, RABE B X O 75°C
MR L ST A HET7A T 3 voORINAR7 b L, f
A O TMBMBE L ST-F X747 3 VDEA



118 ok B

=]

-
[
=
=

B

Concn. of ST-ovalbumin; 0.1 %, 1.%.

Concn. of ST-ovalbumin; 2 %.

The numbers show the temperature, at which the sample was treated.

(Photograph) Effect of concentration on heat coagulation of the ST-ovalbumin.
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Fig. 13. Coagulation points of the ST-ovalbumin and chicken ovalbumin.
Arrows show the coagulation point.
(A) Chicken ovalbumin, (B) ST-ovalbumin,
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Fig. 14. Effect of temperature on the spectrum of ST-ovalbumin.

Concn. of protein; 85mg% (Concn. to be not coagulated.)
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Table 2. CM-cellulose chromatography of
the ST-ovalbumin treated at two
different temperatures.

- Treated temp.’
= ! 68°C 75°C
PH for elution N o
mg % mg %
4.0 126 . 165 0 | 0
5- 6 153 20.1 15% 35. 4
8- 9 17.4 | 22,9 | 17.7 | 37.4
12-13 30.8 | 40.5| 11.3 | 25.2

ST«ovalle;)iz‘rhAi‘n is the component unadsorpe;l on
CM-cellulose column at pH 4. 0.
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Fig. 15. CM-cellulose column chromatography of the ST-ovalbumin treated at 68° and

75°C.

Column ; 1.8 X20¢m, Fraction size ; 5mil,
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Fig. 16. CM-cellulose column chromatography of the ST-ovalbumin treated

by 0.02M NaOH and HCI.

Column ; 1.8 X20c¢m, Fraction size; 5ml,
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tion and absorbance (at 280zm) of
the ST-ovalbumin.
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Table 3. Amino acid composition of the ST-ovalbumin compared with chicken ovalbumin.
(Amino acid residues in 100 g protein.)
1 ST-ovalbumin | **Chicken ovalbumin
- T

Tryptophan * 0.52 ‘ 2.8x1073 1.10 5.9x1073
Lysine | 5.73 44.7 1 530 41.4
Histidine 1.22 : 8.9 ‘ 1.94 14.1
Arginine 4.78 } 30.6 } 4.83 30.9
Ammonia 0.83 : 51.8 ‘ 0.75 46. 8
Aspartic acid 7.86 ‘ 68.3 1 7.49 65. 1
Glutamic acid 10.73 83.1 | 13.46 § 104.3
Threonine 4.87 48.2 ‘ 3.09 30.6
Serine 5. 26 60. 4 5.91 67.9
Proline 3.21 33.1 2.96 30.5
Glycine 2.87 50. 3 2.48 43.5
Alanine 3.17 44.6 5.50 77.4
Cystine/2 1.82 17.7 1.33 | 13.0
Valine 6.34 | 64.0 | 5.56 56. 1
Methionine 1.39 10.6 | 4.26 32.5
Isoleucine 3.74 33.1 ‘ 5.77 51.0
Leucine 7.95 ‘ 70.3 6. 30 55.7
Tyrosine 569 | 34.9 3.38 20.7
Phenylalanine 7.52 51.1 6.78 | 46.1

Total | 85.50 808.5x 1072 88.19 833.5x 107

i

* Tryptophan was estimated by the ultraviolet absorption method.

*k  Amino acid contents in the chicken ovalbumin were cited from the literature. (34)
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Fig. 18. Paper chromatogram of neutral sugar
in the ST-ovalbumin.

Development ; Triple ascending me-
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(24:6:10)

Color reagent; AgNOs in aceton-
NaOH in EtOH.
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Table 4. Molar ratio of neutral sugar
in the ST-ovalbumin.

Series ‘ Galactose Mannose  Fucose
No. 1 = 1.8 2.9 1.0
2 1.8 2.7 1.0
3 2.4 2.9 1.0
4 2.5 3.3 1.0
5 1.8 2.4 1.0
Average 2.1 2.8 i 1.0

ArhtbpioElI G R e eRD, B4R L.

S5EIDHBRA R L, ToOFHHEL IS 7 b —A
<V /—=A:7a—-2A=21:2.8:1.0, Tibb, 2:
3:1 Lico7e.

=7 FVIIE T A7 $ Ve, NEUBERGER
LY 3 T7A T I VvINTU S HFo<VY I —A,
MONTGOMERY 5?2 1. 6 /3F, HOUGH &5 ¥ 3 6.9 4y
TFEmELTVS.

ST-AHR7 L7 I V2T, ATFENRESR
Tuwig\wied, 1oTFY o e Jur Bl & s
=7 VIR TA T I v EoEEEL, o
BEHL R - TWBZEREB IR,

AN TI/BEOEHLETOER

ST-A K7 N7 3 VIS EIIFEF S\ D CHiE
FETHHZLIBEONTHS. Lich - CTHERHE
LBEROWNT I /e W T PIE R T - 1.

ST-A R 7 N7 3 vKEK SNHC] % E&hx,
MH S, 100°C T 6 Bk D @4 177y, B
PR X VIERERE L, HEF vy — 22—, »ik
H Y ETHER U, TOEDOUIE PEARSON D ik
O ftsts. T, Amberlite CG-120 # 5 A
(0.6x39%m) AT 7 3 /HiR BB I, “h
0.3NHCI T LIl FoFa gy P h Y v i —e 7
T vavavziz—ThHhR Lk, BRIt E ¥
ELSON-MORGAN D#H B k- THAEL,
A7, ST-4R7AT s vhD7 3 /B0
HH e v a3 v, F5 2 PV OBEH
MR & & BRI R L.

FOR, BRHMENS a3 v Thb T Eh
b bhte. e, BB/ 74 2y 3 vigown
THREL, B L 530nmm ki 5 BRGE L o BRY
Kbtk ZAH, K20 0 X 5y 50r/ml ¥ T LAMBERT-
BEER DERNCHEd Z L &RDI.



WMo RARCE T 5 PR

125

06}

Absorbance (530nm)
L

a glucosamine

FR

A

4

$

;

I .
! ga‘lactosamme
H a

H P

: i
TRTR

0 10 20 30

40 50 60 70

Tube No.
Fig. 19. Chromatography of hexosamine on the Amberlite CG-120 column.

Column ; 0.6 x39¢m, Fraction size; 1ml
—o—o— Hexosamine in the ST-ovalbumin,
..-e.-.e... Authentic hexosamine (glucosamine 1507, galactosamine 507)
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Fig. 20. Calibration curve of glucosamine.
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[f—&tc7 A a3 v ol 100 ~ 103% TH
ste. R1I9@RULEBHERNLD, ST- K747
svosaay vEBRYFRH L E 3.1~3.3% (17.3
~18.4mmol[100g) TH -7z, L EOFHRMN L, ST-
ART AT VX MEYER DERC L DAL 2S
FIZi B2y, =7 PV 7A T s v s a
#+3IvoaE1.23% (MONTGOMERY &5 ?), 1.1~
1.3% (NEUBERGER & ©), 1.34% (HOUGH & %) &
H#et+n e, ST-aE7A7Ivorsrray i vER
BIEFFCEWC i s,

Eom NFRW7I/EB

SANGER o DNP 202 2 ¢, ST-F K717
$v% DNPALL, ZThEmka@L t4a 35 DNP-
T I oNWT, N—R—g w57 =,
ML » 5 2 X B DB B {jleot. X—st—
v b 75 A0 HRK 21 IR,
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Ether soluble fraction

DNP-Ala.
DNP-Leu.
DNP.
Sample+DNP.
Sample

Solvent ; f-amylalcohol

DNP-Ala.
DNP-Leu.
DNP.

Sample +DNP.
Sample

Acid soluble fraction

Solvent; n-butylalcohol

DNP-Ala.
DNP-Leu.
DNP-Apg.
DNP.
Sample

Solvent ; ¢t-amylalcohol

DNP-Ala.
DNP-Leu.
DNP-Arg.
DNP.
Sample

Solvent ; n#-butylalcohol

Fig. 21. Paper chromatograms of the DNP-amino acid obtained from the

DNP-ST-ovalbumin.

HobHbhick 5, NK7 3 VBiriE»bh
ot bR, =—FAHBEE =t e 7 =
SN EEBZDRAARy PHBFETHEDOT, RO
7ob fAFUKIAE S ) 7 A%, BT v e = KO 2
DIKRGFRR DWERET 3 /R TAfei= v e Y v
PtE B IERD BTk - e,

=97 NIEIB 7 A7 3 v o N Kz ouT, PORTER
OOTERREEY L B0, BHBVCIENEKET 3 &
BRI DX DTEBRIRTVWEEHBELT
Wh. LinL, TOEBE O 3aysme X b N-
acetyl-Gly-Ser-Gly-lle-Ala-OH <7 5 } 04 Eic ik
DL, NKGHT € F AL LTWB T B oML
o, Zoff, i B® =Y bV o~ESwE s
H % N-acetyl-Val-Thr-Leu #/yBt L, EfEic NX
W7 £ FAUEIR TN BT ER BB LT 5.

ChboHEXERBTINEST-FE7AL7 I v D

N KU DNP-7 3 /lig b LCRD ORI o1 &
W, =T MYVIIATAT I VREERILISRT £ F
NV, BAwfbo 7T oric ko T TRy 2 X0T
WHREEMESREZ bR,
F6H FERUBROESE

KREF AT, ST-AETATIvD I 291V
BRIZ=Y VB TATIVRELE VI LR ]
Nich, EEEFPoO A2 I VI N-T TS
Y I VE—RIEE L LR TS, ¥, KEHES N
TH ZOEAEHIE N KBS FE LW LR,
SV FPYVIIATA T IV ERBINEBN 7 £+
LI T OB AREEDL Ex bhiz o ©, ST-4 &K
TAT IV BIKS T Y o> TH T 2 ERM%E %
NEUBERGER BHOFE® 8 U, KEZRS w X
hEdic.
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FORER, Bt L LT 1.22% (20. 3mmel[100g)
b % b, kg, s =y 3 vERERRC,
TRYIE TAT IV (0.5~0.52%) X b T L

D

{1

N ote., 7TaFA &8 20. 3mmol[100g 13 7 =
$ 3 VAR 17.3~18. 4mmol[100g X h %<, Zr =

43I VYNTRT N-7wF b X T, Tols, o
BTl LR S D Licind. Lichis
T, FORCENKE7 § 7 /LT 7 v
#xbFErIbhsb.

K1 BRaR

ST-4RB7A7 I VOBREEY I Isrr K
~NERI->TEBLLELA, TOEEIT41~
14.4%Ch 1. ZOfHiz="7 FVIIRTALT I VD
il (15.8 %20) X pdinl, —BREAHEOERIE 16
B LTh, Eahiedbieh -t AFEHE3IH Tl
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ok b, FEHEERNRE VD, BEAERS K
DL, BREBID A RBLREETED. £,
7 I/EEREOENLATE, ST-ARTAT I v
BN I VBRONTEYSY, BERIBOV T
B UNRE LT L L, Mg, BEEEOE T I /B
DIV T 77V, CAFUV, TIT=viibknwz
ENRBEBOLRT WS, (REH 2 /MK b, ST-
ARTAT I vihgEwIras i v TFEYhD
KRV L, KENPLAERFEI VRS
CEREHETES. £ ST-AETATIVOT
IVBER, SAarIVERLREND, EXIFEY
BHLT=7 NVIIETA T I vOLOLARKKES
R LTz,

T, =V FIIIRATATIVOT I /BB X
VA ayd s VEENLROILERSEIZ14.14% T
0L, ST-#E7A47 3 vOFHIT13.76%

Table 5. Nitrogen content calculated from the amino acid and hexpsamine contents.

! ST-ovalbumin

Chicken ovalbumin

Amino A, * Calculated Amino A. * Calculated
contents nitrogen i contents \ nitrogen
_ e " R e R e ——— ¢

Tryptophan 0.52 0. 08 | 1.10 0.17
Lysine | 5.73 1.25 i 5.30 1.16
Histidine ‘ 1.22 0.37 ‘ 1.94 0.59
Arginine 4.78 1.71 4.83 1.73
Aspartic acid ‘ 7.86 0. 96 7.49 0.91
Glutamic acid ; 10.73 ! 1.16 ; 13. 46 1. 46
Threonine } 4.87 ' 0.67 i 3.09 0. 43
Serine ‘ 5. 26 0.85 | 5.91 0.95
Proline 3.21 0. 46 2.96 0.43
Glycine 2. 87 0.70 2.48 0.61
Alanine 3.17 0.62 5. 50 1.08
Cystine/2 1.82 0.25 1.33 0.18
Valine 6.34 0. 90 5. 56 0.79
Methionine 1.39 0.15 | 4,26 0. 46
Tsoleucine 3.74 0.46 5.77 0.71
Leucine 7.95 0.98 | 6.30 0.78
Tyrosine 5.69 0.49 | 3.38 0.29
Phenylalanine 7.52 0.72 | 6.78 0. 65
Glucosamine 2.93 0.25 1.16 | 0.10
Ammonia 0. 83 0.73 0.75 | 0. 66
Total | 88. 43 13.76 89. 35 | 14. 14

Measured nitrogen ; ‘ 15, 8%*

* Residue in 100g protein.

**  The value was cited from the literature. (20)

14.1-14.4
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B F=3/ 0
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ThayIVEBILIELLEEGR L I —K
L, =Y FVIPAT7A T S VOlEL b Ed - 1o,

F8E EBRIKE
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BIEEERAVINE L, 7o 0kt U EEm s
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AN R F Y VENSFREC NS SBER LT
Bl bE X BisbiE, CM-tA r — 2% 5 28)
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ARTATIVORFER=7FVIIRATAT I VL
h K& <, Sephadex G-150 iz X %4 E@FIHHA B & T
400000 LA E L HEE L., =V IIIBRTAT I VO
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Va—nABERI AL T =22 AR IDETLL
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HAHKIIBI) RE/KCTHHHE 552 LN
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TWARYAF VIDOhb o TPIREE O fEFF B8 5
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Summary

In the preceeding investigation, the sea-turtle’s ovalbumin was found to be a new type albumin sho-
wing some specific chromatographic behaviors on the ion exchange cellulose, obviously differing from
those observable in the ovalbumin of domestic birds. This protein was called “ST-ovalbumin” and its
separation was rendered possible by the salting-out method followed by the chromatography on CM-
cellulose column.

Detailed investigations were performed on the chemical constitutions and properties of the ST-
ovalbumin.

The results obtained were summarized as follows :

1) The isoelectric point of the ST-ovalbumin was fixed to be approximately 5. 6, while, this protein
was not adsorbed on CM-cellulose at pH 4.0, but was adsorbed on DEAE-cellulose at pH 8. 1.

Adding to this, on the titration curves, it was noted that absorption of acid by the ST-ovalbumin is
negligible, and that of alkali by the ST-ovalbumin is remarkable.

From these facts, the subsidence of the amino-groups of the ST-ovalbumin at the inner part of the
molecule, and the exposition of the carboxyl-groups in free forms at the surface were inferred, respecti-
vely.

2) In the gel filtration on Sephadex G-75, G-100 and G-150, the elution peaks of the ST-ovalbumin
were observed consistently at the 15~16 th tube.

From these gel filtrations, the molecular weight of the ST-ovalbumin was assumed to be about
four hundred thousand or more than that.

The clarification of the sub-unit structure of this protein was not realizable even through various
experiments using urea, EDTA-urea and thiol compounds.

Hence, the ST-ovalbumin was presumed to be a high molecular compound of the single chain.

3) Unlike the case of chicken ovalbumin, no coagulation was to be brought forth in the ST-ovalbu-
min aqueous solution either by the addition of N-hydrochloric acid, or by being boiled in 1 % aqueous
solution. But coagulation occurred at 75°C in 2 % solution, the coagulation point being higher by 11°C
than in the former case.

Crude protein content of the sea-turtle’s egg white was 0. 86 %. From these results, the non-
-coagulation of the egg white by heating was assumed to be primarily ascribed to the excessively low
protein-concentration.

4) As the heat-coagulation of the ST-ovalbumin was not observed up to 1 25 solution, the appea-
rance of heat-denaturation was examined on 0.1 % ST-ovalbumin aqueous solution at several tempera-
tures by the differential spectrum method.

The differential spectra produced by being heated at 55°C or above showed the denatured blue
shift, and when heated at 75°C, the differential absorption at 270~280 #m was ascertained to be larger
than the values shown at 55° or 65°C.

On the other hand, after its being treated at 75°C the ST-ovalbumin unadsorped on CM-cellulose,
was adsorped wholly on to it.

From these facts, the occurrence of the two steps of the conformational change on the heat-dena-
turation of the ST-ovalbumin was confirmed.

5) Compared with the amino acid constitution of the chicken ovalbumin, the ST-ovalbumin was
ascertained to have less amounts of tryptophan, histidine, glutamic acid, alanine, methionine and isoleu-
cine, and more amounts of threonine, cystine, leucine and tyrosine.

No amount of N-terminal amino acid in the ST-ovalbumin was detected by the DNP-method.

The total nitrogen of the ST-ovalbumin was ascertained to be less than that of the chicken ovalbu-
min.

6) Neutral sugars of the ST-ovalbumin were confirmed to be composed of galactose, mannose and
fucose (the molar ratio; 2:3: 1), the sugar content, being 6. 7~6.8 %.

Hexosamine of the ST-ovalbumin was identified as glucosamine, whose content being about 3.2 %.

When calculated as acetic acid, the amount of volatile acid obtained from the ST-ovalbumin was
fixed to be 1.2 %, accordingly this acid was presumed to be due to the release from N-acetyl-hexosa-
mine in the ST-ovalbumin,



