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1) BIRREPO albumin HEHOEEA (pD) {E(E4.80055.21TH 7. ZOfE(F
serum albumin (SA) @ 4.85m56.16&LLENEh > T, FABRIBITEMSEAHD
T; DZE AL albumin FEHRE—HKLL.

2) fEEHEROFZERE, T, & albumin HFEAGHEALTLDI LLS5HREH, O
Hip 3 thyroid albumin (TA) LMENTLDHDTH D EHALL.

3) Chom albumin O7 I /ESHETV, AOMRELZRDL.

4) free ® T; @ pl fEIC DWW TIF, BEHEATT B#ELOT RIAZHAVWTHEHLZL
3B, ¥5.2THY TADERE(FER > TW .

5) thyroglobulin (TG) (FHAEFTTL ATV S pl B4 5L VIBLEVEELEEX L
3EbbMo7- (pl 4.40 7 55.82).

6) HEEBEYHIIATIE TA T:, TG (3 BRFRIERCEBELTEY, aAS k
(CIFEHTH - 7.

The iodinated proteins in normal human thyroid tissue extracts were analyzed
by immunochemical, immunohistochemical and physicochemical techniques after
isoelectric focusing.

An albumin-like protein ranging in isoelectric point (pl) from 4.80 to 5.21 was
found in the extracts. Its pl range was not compatible with that of serum

albumin which ranges from pl 4.85 to 6.16. Amino-acid analysis revealed a
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difference in the basic amino-acid composition between thyroid albumin and serum
albumin. This albumin-like protein was shown to be combined with T3 in an
immunodiffusion study. Immunohistochemically, it was found in the thyroid fol-
licular cells, but not in the colloid. These findings suggest that the albumin-like
protein is the so-called thyroid albumin. It seems that low molecular weight
hormones like T; can be detected when they combine with a protein molecule
such as albumin. Thyroglobulin was isofocused in a wider pl region (4.40—5.82)
than that previously reported which was located at approximately pl 4.5.

Based on these results, thyroid albumin consists of T, and an albumin-like
protein which is immunochemically distinguishable from serum albumin and
thyroglobulin.

Recently, DeGroot et al. suggested a collateral pathway of hormone metabolism

through thyroid albumin in thyroid follicular cells. The present results support
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the existence of that pathway.
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& L CIER & MEER ML
2. o i
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Fig. 1. THE PROCEDURE OF THE STUDY

sec. x 3), mlA B (10,000 g. 20 min. 4°C),
AR FEE/AESE & RN P A7
(Fig. 1-{1)).

X 5 BN 1.4M &L 1.8 M o Bl 7
vE= v aRHOCHEELL. 1.4MUF,
1.4 M»n51.8M, 1.8M U ETHLUZhE
oo e A ENTL, sk L 7 (Fig. 1-
(2.

b. HWE SR H

Zpla refractmeter 12T 6% O HEAWEE
e L, flat-bed 27 S5 % 2.5 ¢ OBERL
P o Sephadex G-75 superfine gel (Phar-
macia) % i\ T{T - 7. FHik LKB applica-
tion note 198 /R X Mt DIC %L DB
2z 7. A 3ml, carrier Ampholine
(pH 3.5—10, LKB) # 2.5ml ffifg L, 8 W
EESH (1,500 volt maximum, 20 mA maxi-
mum, 2103 Power Suply, LKB) 10°C & 4:{4:
T16RfE kB A 17 - 12

rkEhEs, gel & pH o % - T30 FEHEIL,
Thrh kb 3ml AEP) ALK C &AL il
L, ZoEHDRELER, WELFER A
frote., FBASEOGEBL, gel O LT
Wa o, Fhx10% TCA CTHEL, » %
7 = HoOt EEJiEAN50 « 50 @ 10 D W 1 fi#
L720.2% Coomasie brilliant blue R-250 #

> A % M S e
v

£ Gk GE1E H 1% 1985)

MU L., F7o, Gl ol
WOBEERE AT, TDORT T
4 /L A % densitometer % Hu»
A¥ VL, BRI T — 25k
7o,

SA L DD EF L b
I35 %[RRI 6 22 aise L, IRk
IR A AT - T

TA & SA Do, BB
BN C L &5% Thbo &%
54 H%a E-C Apparatus gel
electrophoresis system (E-C
474, E-C Apparatus corp.) {2
BEGENE (200V, 80mA, 2hrs.
5% polyacrylamide gel) TA %
L O SA OEfERMBEXHEL, ThEthxy)
w1, Celluter elution recovery device (E-
C Apparatus corp.) (100 V, 40 mA, 6 hrs.)
AT TV, ABRERIZRIE KIS TENT DO, B
FEH L, EROWELIT- .

3. 4 B

a. Lo (Fig. 1-1)

FRCOR N T 5 M e e S T 701 L 7 D b 4y
My h i L/cdkE A PR & LT, anti-total
human thyroid rabbit serum (A. HT(T)),
anti-T;3 rabbit serum (A. Tj3) & D GEILS
FlhaA At Kt Tris-EDTA-bolic acid
F2fre (89 mM-Tris, 2.5 mM-EDTA, 89 mM-
bolic acid) 1 #fi# L7 1.5% agar (Special
Agar Noble, Difco) Scc # A5 14 F /5 A
(3x12.5cm) FiC K [EHe, o ig 1
mm DA HAEDIDICEDY, Fhlbh 4mm
B L C 5 1730 F34E 0 E 3 mm o
N HFPUR 7Tl % Ahs HEC L fT-7.
7ok, ETMEGD 4 OGO & L CTIER
b b IR R AT A A S L 7.

HOR IR T 2, d X OV D 4t Hig
R(Norit A, Sigma) 12 X h R+ v & V&R
L2 f@EoE & A HT(T), anti-human
albumin rabbit serum (A. HSA), anti-human
serum rabbit serum (A. HS), A. T3 D i

Densitometer (2T A ¥ v ~

ESREIH

(=,+)]
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Pt A micro Ouchterlony %4 HU T |
R & [EfED agar T -7z, 4°C T12 G
%, WAERENEEK TR L, HICARK

TR L, BEEEAIT, WM, azocar-

mine G 2 CHtal, L.

b. RIERBILFH S (Fig. 1-0)
2mm x 2mm i by 3 v Ll AR,
Buoin’s fixing solution # i\~ TZ{E C 2 W
BEH, <774 i@, S5pm OUJF &
Lic. BT 7 4 v, LUFORESRPUAEAY M

W 19-S TG, TA, Ty oyefha R,

1) A. TG, A. HSA, A. T; % phosphate
saline buffer (PBS) # M\~ T4 7c i E1c
TR L 204G (moist chamber PY)

2) anti-rabbit 1gG goat serum % PBS T 5
I FE R L 204 )t (moist chamber )

rabbit

serum (horseradish peroxidase (Sigma)

3) anti-horseradish peroxidase

% Freund’s complete adjuvant (Difco
Lab., Detroit, Mich.) & fLicgRic iy L
{ERL) % PBS T 551 HHL 204 B
(moist chamber )

4) 0.1% bovine albumin % & ¢y horse-
radish peroxidase (type II, Sigma, 0.5
mg/100 ml PBS) & 20415t

5) 20mg @ 3, ¥-diaminobenzidine tetra-
hydrochloride (Nakarai Chemicals, LTD)
% 0.05M Tris-HCl pH 7.6 100 ml = %5fi%
L 2043 Fél S

6) LRI H:O, %0.005% L7cb X5
Wz, 1~ 52K
PR e Eho #fgs 45 2 Lic PBS ©

1543, 3 mIgEE Lic. T RIGEERIC

TiT-7c.

R E LT, fBifd, T7cbbIT, B,
MRC L REED I E T 7. £, ThEh
DPLME % EF KR M, CEFEKRME, £
R K, R TS o P I B
FTAHRIGL ATV, chE RO P4 2 Hilk
D RS % R L 7C.

A HT (T) ok & b HURBE 0T % 0 2 il &

Freund’s complete adjuvant # [@ & & L%
WD R TR LClER L. A TG i
Bio-gel A-5m column chromatography
057 198 TG # T, ML T fHie.
A. T (3 NIER RSP 7 W PRI TE 1 £k
DIFR Lictb D& LK. AL HSA KX O
A. HS (ZESAM5580 (MBL) o$l5%
L /-

c. ELER s (Fig. 1-2),3)

S S EIE L fc e E o Sritirh o
EE DS TEE DI, SDS g4 117t
Wk E AT 5 7o BRSO T 2~30% D S E)
fi. polyacrylamide gel &S pkiEh(2/30-PAA -
PAGE) &, 4~30% o %A polyacryla-
mide gel TEXwkE) (4/30-PAA - SDS-PAGE)
%ﬁof;.

SEEL 7 TA B X0V SA 1%, 6N HClLick b
EHAE FT 110°C 228508 Ik ofi# L 7o 5,
73 /AP (JLC-100, JOED) T 7
ISR AT 1. Fie, EMEAT 579
A2B5 B DK 438 e AT o TR D T Al
%\*ﬁ%ﬁ‘o 7o

I %5 ES

Figure 2 (ZE% & b FRIE D A] 8 M i 2
7o BBl 7 flat-bed S8 &5 4 oD Y
Ak L7z, pH % fraction (fr.) 272529,
&FE S (pD) 45 £ 2.989:59.68% Tz
B R Bbx Rl T \wb (Fig. 3). fr.4
/5 13, pl 4.28 555 5.824 fr. 1955 21, pl
7.015:57.50ic, TEF# & b HURIR O ] gk i
oz b A EDEABLGEET D Z EDbh
7-. F 1z, densitometer ZH\ CTHIEL T
DR R A 157 (Fig. 3).

Lo 7 b s 2R

1 TA

a. LRy b

G IR R 2 B S pl 4.70 2
B5.21TH - 7= (Fig. 4).

B e RO RIS & £ s TA
L Ty oBgRx Fig. 5 @ micro Ouchtrlony
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Fig. 2. THE PROFILE OF FLAT-
BED ISOELECTRIC FOCUSING
ON THE NORMAL HUMAN
THYROID WATER SOLUBLE
FRACTION
Carrier : Ampholine pH 3.5—
10, LKB*
Gel: Sephadex G-75 Su-
perfine, Pharmacia.
8W constant 10°C 16hrs.

HA BT SIFIREER D RN D b b,
Tyl L O AlEESE L A HT(T)
IR\ T 1RO RO R A R L T,
fth o> PREAR R HIRARR D TG ° o0 Bk
CXosTHERIAILDEEZBNRD. 1ARD
BT HWERETZER T H L5 2 &L, Th
o Pt 5 PR R — D SR A
HFLTIkbh, o kg albumin & —
T5. =75, Ty wBREL I ATHEEFEIA b
L A Ty wbi T RO MR A L
$h, Fhireirh albumin C—H$5.

& 3% (1% #15 1985)

b. SRR LR 0T

TA (R G & o Bk Py o FRNC —3
LCHEL, 2rA FIQZEDLT, TO51
T oM R T <, —E oM
DHBHTH -7 (Fig. 6).

c. WELER ST

2/30-PAA - PAGE Tix pl 4.88 7255 5.21,
fr. 825101/ F8 (MW) 6.7/ D albumin
ML 4/30-PAA-SDS-PAGE T4, [Alfk ©
Eipic MW 6.7/ 0 albumin %38, FiZ(L
SRS B L —8 L 7o (Fig. 7).

R MK R A 4T - TRt D 7 3 TR
DT Table 1 1oL 7-. refference 1 i
FLORBEAE—BICELWLEEZL DR T
5 SA D7 i JEEHBTHD, Sl SADT
M FTEEER L X —FKL T\ e, ZOHIX
Lald TA o 7 3 7B IEL W Fa7RL
Tuwb. TA & SA O 5y HikiRe L el
= 7, #—c TA % SAC lb~TSER GLY
ILEU o1& %<, LYS ARG GLU VAL
MET LEU PHE o & &k 7cy, i TA
3 te b &L D ORNI % &ichs, SA LR
WRRREE L AT X ALy, = TA X TRY
PEA & peak ORI DL RMOWE % 2 &
GATHDZ ENHIBIL Ao, Fio, A2
SREFT - TR D 7 3 BT ORERL Zh
B E—FL T,

@ SA

a. SIS

GE IR R ps D ST IR (X pl 4.85 7
5 6.16Tdh 7 (Fig. 4). FEEhhitERc X
% TA & SA ORINIHL Brchs -1

b. AEALERENT

7 3 /B MT ORI TA OHTHl~T

@ T

a. b o

Sk R b S AR Pl 4.70 205
5.21TCHh -7- (Fig. 4). ZOFiHFEIL TA Lo
FhE—3+5. Ty & TA OBRARTRHER
i3 TA DI TR~
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(HUMAN THYROID GLAND)

10
198 T '
.4 % X .
1sp T-Alb e <t
> 4.70 I 5.2 . 8
- T . -

-t 4.70 i 5.2 . .
. .
(-] .
—B ]0 = .

- -

Ea
[ o) T
o

o e

o >

a -

E 05| L. .
[]
o
‘r'"5"""0’""‘5""50‘"")5""30
Fraction Number
Fig. 3. THE DENSITOMETRIC SCANNING PROFILE OF FLAT-BED
ISOELECTRIC FOCUSING
19S Tg: 19S thyroglobulin
T. Alb: thyroid albumin
Ty: triiodothyronine
S. Alb: serum albumin
The degree of optical density shows the concentration of each
fraction. The solid lines indicate the pl range of each material
based on the immunodiffusion studies.
A.HT(T)S

SV(SF;1 ' 5 § .10 . 15*\\*&{3}’

E 20 25 H
WSF WSF
A.Ta €
HT HT
WSF 1 5 - 10 . 15 WSF
el . e o s
HT 16 20 25 30 HT
WSF ; WSF

Fig. 4. THE IMMUNODIFFUSION STUDIES
HT WSF: human thyroid water soluble fraction
A. HT(T)S: anti-total human thyroid rabbit serum
A. T3S: anti-triiodothyronine rabbit serum
Wells from No. 1 to 30: filled with extracted protein after isoelectric focusing
E: enzyme
19S thyroglobulin (Tg) is localized in the area of pl 4.2 (fr.4) to 5.5 (fr. 12),
thyroid albumin (Alb) in the area of pl 4.7 (fr.7) to 5.2 (fr.10) and the range of
pl 7.0 (fr.19) to 7.5 (fr.21) is suggested an enzymatic (E) area. Triiodothyronine
(T,) is localized in the area of pl 4.7 (fr.7) to 5.2 (fr. 10).
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a.no absorbed

£ it (1% H 15 1985)

b.absorbed

AHTTIS AAIbS

AHS'S  AHTT)S .

Fig. 5. MICRO AUCHTERLONY TESTS ON THE HUMAN NORMAL THYROID

WATER SOLUBLE FRACTION (WSF)

a: WSF without charcoal absorption
b: WSF with charcoal absorption
HT WSF: human thyroid water soluble fraction
A.HT (T). S: anti-total human thyroid rabbit serum
A. T, S: anti-triiodothyronine rabbit serum
A. HS. S: anti-human serum rabbit serum
A. Alb. S: anti-human serum albumin rabbit serum

There is no precipitation reaction of Ty—free sample, prepared by charcoal absorp-
tion, with anti-T; serum, but a precipitation line is observed with anti-human
serum albumin, human serum and total human thyroid rabbit serum.

b. SEEMRRILFR DT
Ty DAL TA RO ER AR LI,
(Fig. 6)

@ TG

a. LR ST

R PR R B b ST B pl 4.40 25
5.82CH »7z (Fig. 4). Zofix, o
(#94.5)7%0 L Ile4 % & ovie b IRV T
B, foks, fr. 18,5 22 OWEKIC DT
1%, ¥ifk#x liver powder TN SH Z LiT
I OWERTHIEDLLEHRTH LR A G,

b. RIEMBRILFER DT

13 & AT O LR BRIE N _E i P BERLIR
BRI A iR, 2 A NI G % ifled I

Do te. AR T OB LD 5 Ak —FE T H
-1 (Fig. 6).

c. PR ST

2/30-PAA - PAGE 2k 5 &, pl 4.40 9.5
5.82, fr. 57:5131c MW66.9 K 19S TG
pl 4.40%:5 4.88 (fr. 5 75 8) i MW 44 55
D128 TG w1z, kb 125, 19S TG ik
=y FE G TH - 7. —J7 4/30-PAA-
SDS-PAGE 1 X % & 195 TG & [6 U #lk @
19S TG o subunit & 2z bhbd MW 337
DEATEAY TS, REILFR SRR L —
L7 (Fig. 7).
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Fig. 6. THE IMMUNOHISTOCHEMICAL STUDIES OF T,;, THYROID ALBUMIN AND

THYROGLOBULIN IN NORMAL HUMAN THYROID GLAND ( x1400)

C: colloid

Ty: trilodothyronine
Alb: thyroid albumin
Tg: thyroglobulin

The positive grain reactions of thyroid albumin, T3 and Tg are localized in the fol-
licular cells, not in the colloid. Thyroid albumin and T3 are found in not all cells
but Tg is found in all. The patterns of distributions of thyroid albumin and T,

are similar in each other.

v = %

RN D TG % 5+ 512 Hio-T,
WMax e HENLE L fThhTE k. LiL,
BRI &SR T0w5 X 51, TG o pl flis
LEZDLE, ZOHETEFEREEFOHREO—
DT M L de ATBEMEDS Bl E DT

TA OHPC Bz o ThH TN HE% (FHL
7.

TA LIIET%"E 1= }\ s 11),16)-18),20) Eﬁfg;ﬁj}%m
DOFRER 72T T <, EREHRIRE 4 SF)
L efE e FERBTLHEE SRS bR
T5b. TORAPRAETIE LA & ToHR
MR A & A, FHEM:, ok BRI
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30 D = = F GE1E $1%5 1985)
HUMAN THYROID GLAND-NORMAL- WSF PAA 230
5 6 7 8 9 10 11 12 13 19 20 21 St
MW.
N ..;.: ; : : el
.......... THYROGLOBUL
bl p— p— “—669K
R 1 | | : : FERRITIN
i = 1 [ —440K
H ~ h CATALASE
232K
44444 LACTATE
..... ‘| DEHYDROGEN:
i —140K
— — +— }—
S L-l — . @ .ﬂ’g'} K
4.40 4.56 4.70 4.80 5.04 5.21 5.38 5.56 5.82 701 7.30 750
HUMAN THYROID GLAND- NORMAL - WSF PAA 4/30:SDS
WSF 4 8 [ 7 8 ® 10 11 12 13 19 20 21 std
MW,
,,,,, — ~—330K-a
— Q — ~—220K-b
= || | [——94K-c
= | % """""""""" —67K-d
= [ | L & Ll rtrtrerrr!r!rr! -—60K-e
oo T\_43 K-t
—36K-9
] “\—-30K-h
— ~——— 201 K-i
- 18.5K:i
B =[] e
(pl) 4.28 .38 5.56 5.82 7.01 7.30 7.%0
MW Sid Proteins
@) THYROGLOBULIN, b) FERRITIN(half unit), €) PHOSPHORYLASE B. d) ALBUMIN, ®) CATALASE. 1) OVALBUMIN.

9)LACTATE DEHYDROGENASE. h) CARBONIC ANHYDRASE. i) TRYPSIN INHIBITOR. j) FERRITIN, k)a-LACTALBUMIN

Fig. 7. POLYACRYLAMIDE GRADIENT GEL ELECTROPHORESIS

Gel: A) 2/30-PAA-PAGE, B) 4/30-PAA-SDS-PAGE (Pharmacia)

A) MW 669K 19Sthyroglobulin is located in the area of pl 4.40 (fr.5) to pl
5.82 (fr.13), MW 440K 12S thyroglobulin in pl 4.40 (fr.5) to pl 4.88 ({r.
8) and in the area of pl 4.88 (fr.8) to pI5.21 (fr. 10) MW 67K 4S albumin
is located.

B) MW 330K proteins which are concerned as the subunits of 19S thyrog-
lobulin are mainly detected in the area of 19S thyroglobulin.

R EHEICOWTUIE BT <, TR

19),21) ‘I%/lﬁ‘:ﬁﬂ:{k)ﬁé&, 10),12),18),20) ?EH@H%&E)RS).ZO)
MRIERE R IRIED 70 &Y A STV B,
D TA {HREH O+ v v RHEHT (1D
DEEAFEL THBHEELZBLR TN, D

—

CoLTIE, RPETBEL, 070 kR
H‘l%t‘?% %2,2).6).16)‘21),22) SA Fh%&ia-é
%i, 1),7),13)-15),238) TG @%%%E&fé%
2,00 TG OBERMETHEL VR EN D,
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Table 1. (%of amino-acid residues)

AN

\ Serum Albumin | Thyroid Albumin
S| Ref 1 [tﬁﬁidy, Ref. 2 tEﬁ;dy

LYS 10. 09 11.29 11.05 3.52
HIS 2.74 2.96 3.35 2.91
ARG 4.10 4.77 4.06 1.42
ASP 9.06 9.82 10. 17 5.83
THR 4.79 5.24 5.32 4. 86
SER 4.10 4.28 4.98 20.51
GLU 14. 02 16. 60 — 9.66
PRO 4.10 4.56 4.65 2.58
GLY 2.05 2.66 6.55 16.19
ALA 10. 60 12.07 10.09 8.97
CYS 5.98 2.62 — 0.25
VAL 7.01 7.95 7.24 3.34
MET 1.03 1.03 0.22 0.33
ILEU 1.37 1.65 2.04
LEU 10. 43 12.17 11.06 3.16
PHE 5.30 6.00 4.84 1.73
ORNI 12.36
TYR 3.08 3.04 2.87 *
PEA ok

THE AMINO-ACID ANALYSES OF THY-
ROID ALBUMIN AND SERUM ALBUMIN

Ref. 1: Dayhoff, M. O. “ Atlas of Protein
Sequence and Structure ”, National
Biochmical Foundation, Washington
D. C., Vol. 5 Suppl. 2, 1976.

Ref. 2: Jonckheer, M. H., et al.: Thyroid
albumin I. Isolation and characteri-
zation. J clin Endocrinol Metab 32 ;
7—17, 1971.

Equipment: amino-acid
JLC-10D, JEOL.

* *%: unknown factors

Thyroid albumin is composed of amino-

acids containing two unknown factors. The
difference of amino-acid composition bet-
ween thyroid albumin and serum albumin
suggests that the organ of their synthesis is
different in each other.

auto-analyzer,

Ll RBROFMND 5.

B O FRRC 2 o albumin BREM[ Y
FEL, #4701k Shulman B2 ©,
&3 “thyralbumin” & &4 L. — K,
DeGroot - 5% 3 “thyroalbumin” & WO,
Jonckeer 5'® (3 HURARMI 2B H S i
+~To albumin &G A ¢ thyroid albu-

min” FEEAZE. L L7 BERBLTIEZ O
EEpa — Kb TuarhinaBERL, =2
— MMexh T B D% “thyroid albumin”
FIEOY, = — FhXhTuigd, % “thyro-
albumin” FMESZ LT L7z,

E L7k 31, TAWRE#HE XIOHHLE b
FIRICRD bR TV 5HH, FRRE+ALE v &
DRI D TUE, HgHE = — PGS
Uinfe <, TEHEENIHE O GAomi L e b O
Wy, Bt E - PEHGcREC X S L, TA
METHRIE AL E idig & A E2 MIT F7
(L DIT ¢, Ty TLABTH o b THME
DY B a8 1001101820 % g R FDR
REEE D HUR BRI X 5 FEk o Ehaz
Thomas-Morvan 5% 2R L TW50, (&
ERIBEDMERA BT\ 5. 4lul, micro Ouch-
terlony & o fRSih v X h TA 2
thyroalbumin & Tj D&M TH HHLY HEE
A A - ks T 1o (Fig. 5). FHEAH
B —HTAHEL hEXRHFTLH/HRTHA.
Lol S ofEEINE, mBERC I DB T,
KRETEDL LD HETHD LEZ
bha.
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