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Studies on Form of Iron and Iron-containing Material in Living Tissue.
IV. On the Iron-containing Protein of Horse Spleen.®
By
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Table 1. Fractionation of Proteins in Horse Spleen.

Horse Spleen (670g)
— 31, of 0.9%-NaCl is added and extracted for
one day at 0°C

I |
Extract (3500c.c.) Residue

(a) Extract (1600c.c.)
— 1N-HCI is added to pH 5.0

— is heated to 50°C in water bath for 10 mins

|
Coagulum Filtrate-1 (1400c.c.)
' I
200c.c. 1200c.c.
|
— AmeSO, is added to (100) i—— 450g of NaCl is added
| | 1
Ppts Filtrate Ppts-1 (0.1g) Filtrate-2 (1000c¢.c.)
(no protein) — 1s dissolved in — AmgSQO,is added to (100)
— is dissolved in 25c.c. of water 200c.c. of water - l o
l l
Ppts-1 (200c.c.) Filtrate Ppts
- _ e emmm M \‘
Filtrate-1 4 (noprotein) _ s dissolved in
— Ame50, is added to (30) 15cc. of water
—_ i : 1 v
AmgS0, is addcdrto (40) Filirate-2
| l S B
Filtrate-3 (320c.c.) Ppts-2 (3g)
{—— AmpSO, is added to (50) [—— is dissolved in 40c.c. of water
1 ! !
Filtrate-4 Ppts-3 (3g) Ppts-2
| el Aol
— AmpSO, is added — is dissolved in 40c.c. of water
to (100) !
I [ _Ppts-3
Ppts-4 Filtrate o

trace (no protein)
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(b) Extract (980c.c.)
'L— AmgSO, is added to (100)

[ [
Filtrate Ppts-1
— 1s dissolved in 500c.c. of water
. l
Filtrate-1 (490c.c.) Ppts
l ’
| I
100c.c. 390c.c.
’—- Amz50, is added to (100) %— AmpS0, is added to (30)
I B , ) I
Ppts Filtrate Filtrate-2 (380c.c.) Ppts-2 (4.1g)
(no protein) ] S .
— is dissolved in 25c.c. of water — AmgB0, is added to (50) [~ 1S dissolved in
25c¢.c. of water
I I '
_Filtrate-1 Filtrate-3 Ppts-3 (4g) Ppts-2
— AmeSO, is added to (70) ‘—— is dissolved in 20c.c, of water
o | !
Filtrate-1 Ppts-4 (23 g) _ﬁts%

'~ AmzS0, is added to (100) |—is dissolved in 12c.c. of water

I i !
Ppts-5 Filtrate Ppts-4

(I’lO pl‘OtCiﬂ) T

(¢) Extract (980c.c.)
— Amy>O, is added to (30)

I |
Ppts-1 (15g) Filtrate-1 (900c.c.)
— is dissolved in 50c.c. of water l~ Am,SO, is added to (50)

| - R - - -~
Y

I o
Ppts-1 Filtrate-2 (870c.c.) Ppts-2 (3g)

— AmyS0, is added to (70) |— is dissolved in 25 c.c. of water

| l
Filtrate-3 (850c.c.) Ppts-3 (48g)  —
rL AmyS0; is added to (100) ]~ is dissolved in 40c.c. of water

| l ¢
Filtrate Ppts-4 (3g) Ppts-3

(no protein) — is dissolved in 20c.c. of water

i
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Table 2. Fractionation of Proteins in Horse Spleen.

Horse Spleen (610g)

— 31. of water is added and extracted for one day at 0°C

| [
Extract (3350c.c.) Residue

(d) Extract (1850c.c.)
— 502% CH,COOTMH is added to pH. 4.6

 is heated to 50°C in water bath for 10 mins

l 1
Coagulum Filtrate- (11520c¢.c.)

|
| l
200c¢.c. 1320c.c.
— Am,S0O, is added to (100) — Am,SQ; is added to (15)

— Am,SQ, is added to (40)

I I l
Ppts (23g) Filtrate Filtrate-2 Ppts-1 (5g)
(no protein)

. . |— is dissolved in 100c.c.
— is dissolved in 30c.c. of water IH Am,S0; is added to (100)

of water
N3 ] | {
_Filtrate-1 Ppts-2 Filtrate Ppts-1
R trace (no protein) B
(e) Ex'tlract. 1500 c.c.
| l
200c¢.c. 1300 c.c.
]—— AmzSO, is added to (100) l—— AmzS0, is added to (30)
i N I o
Ppts-e (5g) Filtrate Ppts-1 (5.1g) Filtrate-1 (1000c.c.)
(no protein) — is dissolved in S50c.c. of water
— 1s dissolved in 50c.c. of water
I | l
Ppts-¢ _-El_)_ts—l 900 c.c. 100c.c.
— AmgSQO, is added |— Am,SO, is added
to (50) ‘ to (100)
o | | |
Filtrate-2 (870c.c.) Ppts-2 (38g) Ppts (1g) Filtrate
—— AmSO, is added  |— is dissolved in (no protein)
to (100) 40c.c. of water |— is dissolved in 15c.c. of water
! N ! J
Ppts-3 (7g) Filtrate }}pits-‘z ,_,._,Fivl,.t@tf;l_

(no protein)

— is dissolved in 100c.c. of water
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Table. 3. Mabilty of Fractionated Components of Horse Spleen.
(at. 4°C, N/10 phosphate buffer, pIT=8.0, ionic strength x=0.1)
Components and Mobility o
. ) (=) xi0-%m?, volt—1, sec-! % POterT“al
Sigas of Fraction Gradient
I I I v volt, cm—?
" (a) Filwate1 o~ | aa | ez | 8o | so
(a) Filtrate-2 e Y 78 0 60
(a) Ppts-1 | — — 6.5 — 55
(a) Ppts-2 — — 6.1 — 4.6
(a) Ppts-3 — — 63 | - | aa
(b) Filtrate-1 f — [ 4.4 6.6 89 | a4
 (b) Ppis2 I — " - j 64 | 82 30
(b Ppis3 - @ 62 | sa | a2
(b) Ppts-4 l — 37 58 [ 79 | 34
(¢) Ppts-1 , — | a3 f - — 40
(c) Ppts-3 23 | a6 | 63 | — ‘ 31
(@) Filtrate-1 | o } a1 1 67 i 83 19
(d) Ppts-1 B ”1‘“*”6_; Nl — | a0
(e) Ppts-e 2.1 w63 | — a5
(¢) Ppts-1 — | a2 ' 6.0 — | 43
R R R T B S T
(¢) Ppts-2 — | S — ’ 39
(e) Ppts-3 - |27 a6 — 7.9 A, a7
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Table 1 (a), Table2 (d). Table3 (Zitaz LIz <, 50°C 10450 L 4 fy o, coagulum
Zoli g U1z Filt-1 1% 0.9 % NaCl soluble ¥ water soluble protein T 50°C 10/ non
coagulable protein Z{ 7, component f|. [ N O 3 component 2&A, 1 Je R 1K
2L LT o 2006 NaCl iy AmeSO, (15)~ (A N LTt Prts-1 3,
fuf2t d component I 4 A Granick VW ICEIZ LD ferritin \ZH124¥ A fraction THOT,
ML, 70°C OIS L TR T 0 2% HRYE 50°C 100021 i27C FeorH
W2k Ui o W Fig 1 (2BGR Lizn ¢ Table1 (a), Table2 (d) X Of¥1= Ppts-1 (%
fufr$ component I #{37s monocomponent protein "G, 0> mobility (X K% —0.5,
—6.2x10"%cmz, volt V) sec™ Th- iz, Table 1 (a) O Ppts-1 % Am:S0, (30)~(40),
A0)~(B0) ToSBILIE L1z L 2 /H0) Ppts-2 Ppts-3 &8 component | 706 kO —6.1, -6.3
%10 7 em? volt=? sec ' ) mobility % 4y¥ 7% mono component protein THD7io AR
T Granick®@et al. 7}z ferritin & = 0) mobility Zehil— 2 LT he 0% fraction (L
(2L bIE (020 1 Uy SYERE AT L <8 2 AU single Dboundary & L TIKEYF 2 H 05
ey H L, it éln‘]»;i,: mono component protein “Cd % Tz LIt Do KIZ A —O)
protein fraction @it Table 1 (a) O) Ppts-2, Ppts-3 K¥ Table 2 d) ) Ppts-1 2H L
T O8EH 2HIH® 0dn < thioglycollic acid method MT¥ aa’'-dipyridyl method Z (i1}
UChest Uiofiig, Tabled (i L7z, total iron [X ferritin protein (% LT 21.21%
Owaien Ly, Mib 20 iron O&TRD ferric state T otz HOT 04 fraction [X
Mt ferric iron % 21.21%351, Ll _6.2x 105 cm?, volt ' see ¥ 4y ¥ A ferritin

L(y)zak%f L% %o

Table. 4. Iron and Proten Content of Ferritin Solution
. o s
rSanﬁpl)ﬁe ]Soo(iﬁii(())lﬁ l/gr;nmatter i ]/f/’oroltlz:m i\ mg Fe/mg. N

Total-nitrogen e S _

Protein | 4450 ‘ — | — '1 —

Dry matter | owy | o s | =
 Ash T - | — * —

Total-iron ] o | 1370 | 2121 —

771<‘ert7‘7(7)us-ir0f14~w i 7 Vtracc i _ ‘ — 1 —

Ferric-iron | Com 0 mwo | T | =

“peritin solution | — | — o s

()

Table 1(b) 23 L1z 0.9 % NaCl soluble, Am,SO, (0)~(100) TiLi¥ 7 protein



AT < 1D Weop 99

water soluble protein "Cd % Fil-1 |2, component [, [, N %&is2% 1 ZEMHI|EE LT
BO, Zk AmeS0,(0)~(30), (30)~(50), (50)~(70) THhlikig& Utz Ppts-2, Ppts-3,
Ppts-4 (3K % component B, IV %oy [, I,V » 5% di-, tri-component protein T
DT, Ppts-2 |1 2 DKL, component I O) ferritin T, fipc W EATOBIZ
WF 7Dt FEDT AmeSO. (0)~(30) TFE L0 ferritin 230K S 4L n & 5 TH bo

K2 Tablel ¢) 00 Am.SO, (30) TyLil+ 2 Ppts-1 (% component | O A » § % 5
monocomponent protein "CH-DC, =0) mobility | —4.3x10 5em? volt~! sec™? ThDotz,
Ppts-3 {1 %4:0) component [ O Efso L0 60% 0, Ppts-2 |3 5 { component
07 Bk T 20 TR 2 LS n,

Table 2 (e) ) Ppts-e [L component [, I, | 7068 T2 0, component [V X85 ¥
DY LML L1 AmeSO; (30)~(100) fraction. Mt Fil-1 12 component IV 2N 3T
WD HZZIE AmeSO(50) ~(100) Tk ¥ 7 Ppts-3 0) fraction -G 1T 25,

fractionation {2 J T CINEF 20 O O L 7 6D Ch A 5 i 3L,

A Table 1. Table 2 & O] 2 i<, 50°C TR OSBRI S0 C, ferritin OMRIESS CTH 2
component | 0)/xl% noncoagulable “Ciij & water soluble ThHD127%, AB0) component [,
L. IV iZifzede & coagulable "Cdh 2 = & 24 S 4L, JLIB water soluble 0L KX,
gentle 7 fractionation O7512 component I 2501 ¢/ L, NaCl soluble (0)F Y N & ¢
water soluble {ZJL L°C component N % % {{3ip, DT component [V |} denaturate |2
SO 20 CEA T 0 LA gobulin B LT LD TIEALA I L 42
LAlh, _

HE O LW AR AN 7 A0 EE & AUMICEE 2N 7 B KSR e B ST A ok 21 R
VEOME e KT DRHTCH B ITARBFHO TR TR FSE N & 2 b OT, 3Kk
LCHGeRT 2,

D. ® ¥

(1) WRIKEHTC LT, 0.9% NaCl soluble %Y water soluble 7 horse spleen
protein |% component [. Il. [. W 2Ok 02T n 2k 2R Lz,

(2) Component [. . . V 0» mobility % 4°C, N/10 phosphate buffer solution
(ionic strength =0.1, ptl =8.0) | R CTHsIN Ltz,

(3) Thorse spleen protein 7 & ferritin ZesR YN 2121k, = OFTHANTGE LUK
#iZe 50°C T 10 sl U8, SEHDd s O I e f T2 8 ko 2 L il Lz k
DARF BITALI 2 170 342, AN & 2 08B0 2 21500 & ferritin 1243 b4 n 2 2 %

Wbty
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(4) 4y Uiz ferritin l(i?ﬁf%i/j‘@]ﬂ*)tli‘é“]—"f‘&f) b, =0 mobility & 4"C,N/10 phosphate
buffer solution (#=0.1 pH=8.0) {2 T —6.2x10°cm? volt-1sec™ TH o, +OKEA
Bk, EBE21.21% THOTH L RTMOFKD ferric state ThHhol kel

(5) BELLOTHNIS1:, horse spleen protein |} ferritin  component ]| 72k
WAL di- KOF tri- component protein THD1s

(6) 50°C 10750 mghaLspiZ J-2°C, component [. 0. W i ZAST SR #E W L, compo-
nent [ IZEEFEE 0T L 2HEE Lo

3 K

(1) O. SouwiepEBERG :  Arch. oxptt. Path. Pharmakol 33 (1894) 101
(2) M. LaurBerGer : Bull. Soc. Chim. Biol 19 (1937) 1575
(3) S. Granick : J. Biol. Chem. 146 (1912) 451

' 7 : J. Biol, Chem. 149 (1943) 157

S. Granick & T, Micmarms : J. Biol. Chem. 147 (1913) 91

(4) A. Mazur & E. Sworr : J. Biol. Chem. 176 (1918) 771
(5) 4fF: MICASERINELY, B2, 25,
(6) KHIHRI0514:5 B 4 H, HARHEFE AR GR

Summary

(1) 1 have realized, 09%-NaCl-soluble and water-soluble protein of horse spleen are
compose of component[. . H. IV by electrophoretic analysis.

(2) 1 have calculated the mobility of component I.T. 0.1V at4°C, N/10 phosphate
buffer (x=01 pH.=80)

(3) To isolate the ferritin from horse spleen protein it can obtain by the fractionated
precipitation of NaCl or (NH,).50, after the NaCl-extract or water-extract of spleen
protein warm at 50°C for 10 mins, or without it, it can obtain only by the way of
fractionated precipitation of (NHy)2SOs.

(4) T have realized, the ferritin is homogeneous electrophoretically and the mobility
of it is —62x 10-° cm? volt~!sce~! at 4°C, N/10 phosphate buffer solution (x=01pH=80)
and iron content of it is 21.21 2 against protein and the form of ferritin iron is all ferric
state.

(5) T have realized, the protein which is except component I and ferritin which is
fractionated from horse spleen protein by the author is di- or tri-component protein.

(6) I have decided, component [. I. IV is coagulate irreversible and component | is

not coagulate in the state of warm at 50°C for 10 mins.



