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The effect of thyroid hormone on the generation of protein inhibitors for C:i2+ -dependent pro-
teinase in rat brain was investigated. Four different inhibitory activities I, I, 11 and IV) were
isolated from immature (7-day-old) rat brain. The molecular weights of these inhibitors, which were
estimated by gel-exclusion chromatography on Sephacryl S-200 column, were approximately 280, 000
M, 70,000 (II), 50,000 (III) and 35,000 (IV). All of these inhibitory activities were decreased by
thyroidectomy. Four-day T; administration (100 gg/kg daily) to thyroidectomized immature animal
reversibly increased the activity of three (I, II and IV) inhibitors. However, the activity of inhibitor
III did not recover with the same treatment. Inhibitor III was the most potent among the four inhi-
bitors in rat brain. In mature rats (40-day-old), four different inhibitors were identified in the brain.
The molecular weights were identical to those obtained in immature rat brain. As observed in im-
mature animals, all of the inhibitory activities were decreased by thyroidectomy. In contrast to the
results obtained in immature animals, however, inhibitor III as well as I, II, and IV was restored
by T, administration (100 pg/kg daily) to thyroidectomized mature rats.

The four inhibitors which were prepared from control (untreated) rat brain cytosol were inacti-
vated by trypsin or by proteinase, whereas the activities were not destroyed by treatment with
DNase or RNase, suggesting that these inhibitors were proteins.

The results suggested that thyroid hormone stimulated the generation of protein inhibitors for
Ca’-dependent proteinase in brain, and that irreversible damage in the most potent inhibitory pro-
tein is induced by thyroid hormone deficiency in immature animal. The phenomenon may be related
to the neonatal hypothyroidism-induced irreversible damage to the central nervous system in patients
wtih cretinism. Shinshu Med. J., 36 : 141—154, 1988

(Received for publication September 30, 1987)
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0~4°C D&M T LT O Tot. 7 v MR
4% Potter Tke P4 ¥ —%HWT3EED
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&+ 4 AL, homogenate % 10,000 % g, 2043fiE
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Hicggha Ca?* (REFHEESHEE %, 0.5mM
EGTA, 5.0mM 2-4% 7 b =% /7 — i, 200mM
KCl, 5.0% 7V w— A% & A7 20mM Tris-HCl
(pH7. 4) buffer 1= C 4§k L7 Sephacryl S-200 7
Sazmw L5744 — (2.2%X60cm) V@ o THHE
Lie FHENROLHEZOWTHEREELNEL, &
PR U B—— 70 EY 0.5mM EGTA, 5.0
MM 2-AnHF b= ) — B L4057V r—
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IR A 7R3 2 MBERE 400 & LT,
B ohis Ca¥ RIFMEE SRS X U2 0 ME
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Ca {KEF TR B FIT {4 Wilenthal 5o
AR Lo (MC) 4 v DK RRREZ & L
TFE L1z, Incubation buffer (160mM Tris—HCl
pH7. 4, 0.35mM EGTA, 35mM 2-x2 4 7 b= & )
— b, 100mM KCI) 10021 iz 10021 #5540, 10041
DR, 50pl @ 37.5mM CaCl, XixZESAK %2,
ki 25pl o [UC] 7€ 4 v (10, 000~24, 000cpm/
254, 2.5~5.0pCi/mg) F % TRIGEBHA L.
incubation ¥ 34°C -C404E4\+, incubation %
PRSI F o~ Tk 5oL, 50p o 0.3%
HAMfE 7 7 3w (BSA) 36 XU 50ul ©50%TCA %
MARIER L7z, BRI, 1,200xg, 54905%
U B 2000l > vsv—v o vEEw (0.4% 2,5-
diphenyloxasole ; toluene and Triton X~-100(2 : 1)]

smhizing, EhicIml @A X/ —AeMeT, vV
FU— g VARZ b e A — 2 —CREHEO A
7o
F Sy bapbUa—rFaz=y (Ty, T, 08z

BT » b QLIRS 2T AR L, 20
MiEhD Ty Ty IO AL 7 o fCHEL
F-45),
G = O

BEAEOERITIL Lowry BHoOJiE0 % L, BSA
HRIEEA E LTV, $7:, DNA o,
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fiv, 2 FERC P ERR0. 0551 F e fis Sy BaE B
D LHEE Lo
H (ERAU R

[MC]) 512 4 ~1%, New England Nuclear (Boston
MA, USA) XD AF LI ANHI T =R — 1
WAEHEEE L D, E 4Rl DNA,BSA, + ) Fvv
(from pocine pancreas), P VTV VEER —
(from soybean), 7 mr% 7 —-¥ (TypeVIl, from
Bacillus amyloliquefaciens), T(sodium salt) ¥,
Sigma Chemical Co (St. Louis MO. USA) X b
AT L %o Sephacryl $-200 ¥, Pharmacia Fine
Chemical Inc, (Piscantaway NJ. USA) X b, DE

Table 1 Gross changes during T, administration to thyroidectomized-immature rats

Serum Concentration

DNA [*C] Caseinolytic

Body Brain . Activity
Treatment of Rats Weight Weight T CO%E.‘:SE n
(g) (g) (ng}ra Ceg/ 4 ) Ca?*(—) Ca?*(+)
100mD " 100ml cpm/ugDNA
Sham-operated
+Saline - 60,9+£3.6% 1.140.1 107.745.4% 4,9530.15° 984:-62 48044470 5383--524
7
Thyroidectomized
+Saline - 36.0+3.0° 1.1£0.1 25,67.5° 0.7940.22" 963+78 43204-460 5573598
' 7
Thyroidectomized
+T, 2 c}a)ys) 38.4:£2.4° 1.1+£0,1 100, 0+4.7¢ 3.15+40.20° 954+43 44564483 5562660
7
Thyroidectomized
43.244.2¢ 1.240.1 172,015, 0% 8,60+0. 64¢ 1050--122 50414560 55434584

+T, (4 days)
@

[“C] caseinolytic activity in 105, 000% g supernatant was measured in the absence (Ca**(—)) or
presence (Ca**(+)) of 2.0 mM CaCl,. One hundred gl of aliquot, which was adjusted to contain 1.0
#g DNA equivalence, and 24,000 cpm of [“C] casein were added to the assay medium. P values
of @ vs. b, and & ws. d in body weight, and T; and T, concentrations were less than 0.05. Paren-
thesis indicates the number of animals in each group. In two additional experiments similar results
were obtained.
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RIEPMER B D MREESE, £, Cat RIEMRE A RESE
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RL, Ca¥ 1k HRIEEO ARSI eh
wlce ORI, HiaEomE, Ca¥ JHEFEH:
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EARBREBALTWSE 2%mRL, LiE2BMco
BEFEMEOEL, S LR RS IO o IIH
REANCHETELEN DL EE LR, £2C,
FAFBEIOCAAFVER /v b 257 4 -2k
TALI Ca¥ RIFWMEENEREE L RS L 2 Fig.
1A WRT X 51z, Sephacryl S-200 4 3 2% iy
PR L b, Ca®t (RIFH:IER SRR, Ca*t 3k
REWBEBRS RGP DS, LaLl, 2o
Ca? {REFUBBMETEE ST oE %R, 5 2HMHHWL
HMLCHER L LCoFEREMNZELCRB &, &
DAEE, MEE G ERTWB I Edbbhhote
(Table 2), = D%, X B DE-S2 7 5 2% A vz
Ca® (kP MR A O REEE DR 2 4. Fig 1Bz
Ttk o, 2008kt Catt KEHEASIE
MWASEEEI . 1ok 0.02M KClegsHixh, %
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Table 2 Presence of heat-stable inhibitor for Ca®" -dependent proteinase in the enzyme-

containing fraction

Groups S‘ﬁfzcye&;’f Sélfa;i?do f [C] CaSEinoly;ic Activity (cpm/100 ¢l enzyme f;action)

aterial Ca*™ (=) values Ca®*(+) values
s I 3 T oo S Uit BT
s R mde WE) v IR os
c Eﬁ%ﬁn gﬁgﬁn %i: N.S. zﬂig } N.S.
o BT mfe R} v SR} ws

Two ml of enzyme-containing fraction was placed in boiled water bath for 5 min and homogenized
" by Dounce-type homogenizer. One hundred gl of the aliquot of the supernatant after removal of

denatured proteins by centrifugation was added to the assay medium.

[“C] casein (20,000 cpm)

hydrolysis was measured in the absence or presence of 2.0 mM CaCl, as described in Table 1.
Each value indicates the mean+SEM of five determinations. N.S. indicates not significant. In two
additional experiments, similar results were obtained.
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Fig. 1 Purification of Ca?* -dependent pro-
teinase in rat brain by Sephacryl S-
200 (A) and by DE-52 cellulose (B)
column chromatography

105, 000 x g supernatant of rat brain was pre-
pared from untreated rat. Ca?*' -dependent pro-
teinase obtained by Sephacryl S-200 column
chromatography(Peak II in Fig. 1-A) was applied
to DE-52 cellulose column. [C] caseinolytic
activity (12,000 cpm of [MC] casein was added
to the assay medium) in each fraction (100-gul
aliquot of each fraction) was determined in the
absence (—Q—) or presence (—®—) of 2.0 mM
CaCl,. V.V. indicates the void volume of the
column.

Fig. 3 Changes in inhibitor for Ca?* -dependent
proteinase in brain during T, administra-
tion to thyroidectomized-immature rats.

Cytosol fraction was obtained from control

(saline-administered sham operated rats) (Cont),

thyroidectomized (Ty), T, (2 days)-administered

thyroidectomized ((Tx+T(2d)), and T,(4 days)-
administered thyroidectomized (Ty+T,(4d)) rats.

The cytosol fraction was boiled as described

and the heated cytosol was adjusted to 1,0pg

DNA equivalence/100 #1 ([(]), 2.5ug DNA

equivalence/100p1 () and 5.0pg DNA equiva-
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FREE Ca?* ADDED (M)

Fig. 2 Effect of various concentrations of
Ca%*t on Ca?' -dependent proteinase

Two enzymes(I (—@—) and II (—0O—)) were
prepared by using DE-52 cellulose column chro-
matography as shown in Fig. 1-B. The enzyme
activity was measured in the presence of various
concentrations of CaCl,. Free Ca?" concentration
was adjusted by means of a metal-metal chelator
buffer system using 0.1 mM EGTA as a chelator.

P<0.05
o 'P<0.05 005 T
8 oo H i [ ]
8 Lot
o
:E i
52
-
8]
=
[
ADDEDL Buffer Cont Tx X+  Tx+

T(2d) T,(4d)

lence/1004! (B®). Each heated material was added
to the assay medium and Ca*" -dependent pro-
teinase (25pg of enzyme protein which was pre-
pared by using DE-52 cellulose column chroma-
tography (peak II))and 20, 000 cpm of [*C] casein
were added to the medium. “Buffer” indicates
that the assay was done in the absence of hea-
ted cytosol. Each value indicates the mean+SEM
of results obtahined from 7 animals. In two
additional experiments, similar results were
obtained.
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HEATED CYTOSOL  ADDED (g protein )

Tig. 4 Effect of various concentrations of
heated cytosol on Ca?t .dependent
proteinase,

Heated cytosol was prepared as described from
sham operated (—@—) thyroidectomized(—0O—),
T, (2 days)-treated thyroidectomized (—Q—),
and T, (4 days)-treated thyroidectomized (—@—)
rats. The enzyme activity was measured in the
presence of various concentrations of heated cy-
tosol. The assay condition was similar to that
of Fig. 3. Each value indicates the mean-+SEM
of results obtained from 7 animals.
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Fig. 5 Sephacryl 5-200 column chromatography
profiles of inhibitors for Ca?t -dependent
proteinase.

Heated cytosol was prepared from sham ope-
rated (A), thyroidectomized (B), T, (2 days)-
treated thyroidectomized (C) and T, (4 days)-
treated thyroidectomized (D) immature rats. Each
heated material was adjusted to 500 pg DNA
equivalence/3. 0ml and applied to a column. The
elution condition is described under Materials
and Methods. Ca? -dependent proteinase activity
was measured in the presence of 100ul of each
fraction. The assay condition was similar to that
described in Fig. 3. Four different inhibitors (I,
II, III, and IV) were separated from heated cy-
tosol prepared from sham operated animals.
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AMEROA R — R, 2V PRr—AF y b O
B I, 1, 0, Voo cilERsre
EL, £OHFER TR iy 280,000(1), 70,000
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PHIER [ 3 L0V oML, RN X &
TL, DX OFEMREL LA (Fig. 5B), FIR
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Fig. 6 Calibration of the molecular weight

of inhibitors.

Sham operated rats were used as the source
of inhibitor. Human immunoglobulin G (IgG®),
BSA, and cytochrome ¢ (Cyt. ¢) were used as
markers.

Fig. 7 Inhibition of Ca®" -dependent proteinase by partially purified inhibitors.

Inhibitory proteins I (—&—), II (~4-),
III(—0—), and IV (-¥-)) were partially
purified by using gel Afltration. The
source of the inhibitors was sham ope-
rated-immature rat brain. The fractio-
nated inhibitors were concentrated and
diluted to indicated protein concentra-
tions separately. The assay condition was

100} oz ]
>
[
=
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(@]
< 50l |
w
=
>~
N
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Ll
G
S Y, 20 20
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similar to that described in Fig. 3. Each
value indicates the mean of triplicate
determinations.
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FRAGCTERET -,
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w—Ty MIECS b0 LEERSTEYE
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7
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W #3954 Lo

ZhiRShEZ v P CRLALR LA TE . L
ML, OB 4 HE T, 28535 L IHES T
Kol ToEE S B bhvic (Fig. 8),

Table 3 Effect of hydrolytic enzymes on the inhibitory activity in Ca?* -dependent
proteinase inhibitors

TR Grws  Tmere Clasnoicsus p e
A No inhibitor 10012
B Buffer 4241 A vs. B, <0,001
C Trypsin (500pg/ml) 98+2 B v»s. C, <0.001
! D Protease (500pg/ml) 97+3 B wvs. D, <0.001
E DNase (330ug/ml) 4442 B vs. E, N.S.
F RNase (330ug/ml) 43+3 B @s. F, N.S.
G No inhibitor 100+3
H Buffer 4443 G wvs. H, <0.001
. 1 Trypsin (500pg/ml) 96-+6 H vs. I, <0.001
J Protease (500pug/ml) 9844 H vs. J, <0.001
K DNase (330ug/ml) 4644 H »s. X, N.S.
L RNase (330pg/ml) 42+3 H »s. L, N.S.
M No inhibiter 100+4
N Buffer 4143 M vs. N, <0,001
I 0 Trypsin (500pg/ml). 101-+2 N »s. 0, <0.001
P Protease (500ug/ml) 9945 N »s. P, <0.001
Q DNase (330ug/ml) 4243 N vs. Q, N.8S.
R RNase (330pg/ml) 42+3 N »s. R, N.S.
S No inhibitor 100+3
T Buffer 40+2 S w»s. T, <0,001
U Trypsin (500ug/ml) 9844 T »s. U, <0.001
Y v Protease (500p1g/ml) 9943 T wvs. V, <0.001
W DNase (330pg/ml) 41+5 T vs. W, N.S.
X RNase (330ug/ml) 4143 T ws. X, N.S.
Each inhibitor (500 gl) which was obtained as described in Fig. 5-A was incubated for 15 min at
30°C with the indicated concentrations of enzymes. After incubation, the mixture was boiled and

after removal of denatured proteins by centrifugation, 100 gl of aliquot was added to the assay
medium. The enzyme used in this study was obtained by DE-52 cellulose column chromatography
(Peak II in Fig. 1-B) and 25 pg protein was added to the assay medium. In experiments A, G, M

and S, 100ul of elution buffer (20 mM Tris-HCI pH 7.4,

containing 0.5 mM EGTA, 50mM 2-

mercaptoethanol, 100 mM KCl and 5% glycerol) were substituted for inhibitor-containing fraction.
Each value indicates the mean of triplicate determinations. N.S. indicates not significant.
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Fig. 8 Changes in inhibitor for Ca?" -dependent
proteinase in brain during T, adminis-
tration to thyroidectomized-mature rats.

Heated cytosol was prepared from sham operated
(A), thyroidectomized (B), and T, (4 days)-
treated thyroidectomized (C) mature rats’ brain.
Each heated material was adjusted to 500#g DNA
equivalence/3. 0 ml and was applied to a column
of Sephacryl S-200. The elution condition was
similar to that of experiment in Fig. 5. Ca?t
-dependent proteinase activity was measured in
the presence of 100x1 of aliquot of each fraction.
The enzyme which was used in this study was
obtained from sham operated immature rats and
was purified by DE-52 cellulose column chroma-
tography.

v & %=

YA 1T B FRIR A v = v ORI, R AR
RORTGRAZEL R &k 2 FTIRMBb AT 202,
T, MMRE k3 Ca¥ KELARSRO 1o
B3 Ca¥ (RTFWMERNMEESR S LU oME%IL,
PRFMER ORI EE MM A R LT 5 by
BRTWBI3, ZoC, Ol EREALE
VI LD AT B h 0 P R T S o B R O 5
RICBEERS IE L OV WEEEREL bh b ins
[H DR % 1T - 7o

9, 4 o FRBEEBRET, Ca¥ EMESE
DR OMMEE A LD X 5 e 8% S 5%
Bl BVUEMIAEA TR B iR e, RS
B & b 2 oo EE B R e 5 T

No. 1, 1988

W E L b, Tioh bEREC0Z MRt =
YE=F V&, XD BRECOSIHE R v
—FV M ThHB,

=¥ b v — AP (sham operation +2: 4K D
HHE 7w bR, COWEBRBZDLRT W5, L,
FIRBRERSIHS 5 » PR, (R CE0% I %R
FTavBR—F v PR L. OB R ERIE
RV ORI L D IHEEOMRESENELT S
CERRETR, B, OB ERIEALE v
REC I - THEERT, —3F, BT bEAVR
FERTIE, ZoavE—FY FOERE LT VRS
EEBEERBD bR, LT, Ty FE
BB RS E T REC, BT » roZhe
R, COEBECOZMHYRTavE—3 v
AN EE T S WS BRI LD EHE L
Nize

Waxman & Krebs 0i&iow x 3 &, Cat {k#
Wi E R IHE BT < 020 subfraction I
AR THEELTWB EEL BRT W5, AERick
WTh, aYr—~ARECIE I~V 4EHo Cazt
RTFEER D EMIESE 2B bh, ZodTl
DR IRGCIIIE S R Ui, & oSy
CHERMEELTWEL0LEL bR, Chb4
MR OIHIEE D 5 b4E T o b o FRBISEET <
ik, I3 ZONoMHliEE MHEL, Foaiiit
TRERD Bhich o fee Lieddo TR EESE 2
TR U B RIF I T bhi-a v b r — AL
FURBHERIE & D022, INERTOEDEL D
LD CHATREER DD, Lk, $HEZ b
TR LR = IHES Tk, RIS » bT
i BRIRIR A= v BT L) TR AN B
T\B, ZORBFERIE, BT BmE e Eks
b0 L Bbhn Ca (KEFHE S ORI RS I
B, HEESREC R AV v ORETE S, &
DWENE, VB EF AT VRSB B AT
TIRIBIIE D = LR LT %,

R A2 0, MEOBEIERAL, BEAKRY
REIL T2 EELZBRTWBIDM, o FR
& FURER s v v PR R SR & O RO T EE
BILRAER ShCwinn, A%t Ca (kEMnER
7 REER IR O AR S X IE+ R AL E v
EHEHIERT O TEBII L Cuinn, BRI S =
YA, BRI B Catt I B MBS
AP LT b2 I IETERE L0, 455

149



B OR

oy FRIRAAE v BEZEREEZNALCHBELTWS
TR 2 D p sy, Fh—F, Ca®t (KIFHEH
N IREEEIZE S o subfraction @ degradation %
i b 5T TS S D, FoFMIETRE-Ch
B

LRI B vz, MR Ca®t W L5 X,
Ca? RFFLARERIC B K LIET 2 £2315
NTCH B30, Lichio THIRIEA 2 vidiiiap
Ca™ BEOCWEL, XWRTHLIP LRSI
Ca* (RIFMERE D EREINERER OS2 2
DR AR EE N FE 2R L TnB LD EE
Zbhd, Ca* REWRE SRR, 12102
BFAAEL, iy #eM BEO Cadt B oif
b &h, #H#Ex 100uM o Cat WEECHEEL S h
5LELDRTHBW, SEOHERTEL, =02
DORERIERE R BT, MR D Ca®t JBEEAS 10uM )
TrREHF IR T BHbELL L, 1HMROTR
AR EECH D EBbh b, ¥k, # 4M @ Ca?t
BETCRI G I BAOEWRIVE U B fo 204850,
FRNR = 2 v B 5T crxfiilapn Catt Jepsss -7
L, IZERERy LRI 5o LHllsh 5, L
L, MREBEMAEL, [0 [ ~OFRelmic
T B A hs0, IR B T S Rk
R VRS THY L | BEREES R LT
WEHLRME LV EEZbRS, —F, FREHAA
TYARRECIE, Ca¥ BEBEERCHESR
TWwhicd, oS, Ca* vl sy
Firtuwicw e Bbh sy, MHESSECE TS
Bieih, LA OMRHMII LA LW B EELS
o, LinL, ThboBoliTElchy, F
WA e v o Ca? (KEUERRD SRR+ 5
AP 570103, S, Catt jBes, 18k
O T WooBREE, MHESMOEERG: Sk
AT RBERD D Bk,

Ca¥ KIEMBAESMERC X VBEN B FT 5
MR OO CRZE STV B50-6D, EE
i, HEEPCIBROMWEE P TFE L T B9,

X

I
3

h bRy Ca? KBRS MBI X h Y
BRI, FISHOTC DM BTl
<, WEORELSMETORMORh2ELEEL D
DEFEZBRD, FRISEETIRBS Ca¥* Kk
EBHOMEFINHEROETE XY, 0k 5
DWNOB(EAE U T BWEMESNE 2 bhd, TR
BT, $0E A 0BT CH B
LGV, SH oI EEw T, Ca¥ (ki
HORUREMAL TN DERD B EEL BRI,

vV ¥ B

SEM kTS 9 » MMRE Cat kREWEAS
MR R OGRS, RS rE vz Eo L
5B EZ T RN

7w bMMRE L BMIEL, Ca¥ (KIFHEEDOR
B R 1ot o IER Sl Hv T, FIRIRESRE
W L 28Il o, $hEavir—nT
y VO AEOMHBE LR, 20550 12
BT 2SN IEEER U, & ol
EEIY, FRIBBEETRECREL, B#EF 5 b
RGBT, BRREALEVvBER Lo ThE
DEEERD D 2o BT » P ZBVWIEEE,
PR IR IR TV X D 4REG U & o HIEIZR B I 25 R
BArevBbE X hEE L.

HEME BT, FRIEAVEVOETIS » MK
MfE Ca*t RIFMETR B/ BRI IR BN /R A 3y
e s, Ca* KEERAHHSED 1otk s
Ca™ (KFEWRERHEASMEES L O IR RT3
ML ET 5 o &R S vk,

FFOBEBIIET624E 6 A, 60 B AN WSS
AT S CRE L.

FEirschicn, HigE s eB-r, B

Fill, 111 FEIE R 7 D OV TUERAR R VR < R %
ELET,

i3

1) Hetzel, B. S. and Potter, B. J.: Iodine deficiency and the role of thyroid hormones in rat brain
development. In : Dreosti, I. E. and Smith, R. M. (eds.), Neurology of the Trace Elements, Vol. 1,

pp. 83-90, Humana Press, New Jersey, 1983

2) Dussalt, J.H. : Congenital hypothyroidism. In: Ingbar, S. H, and Braverman, L. E. (eds.), Werner’s .
The Thyroid. A fundamental and clinical text, pp. 1399-1402, J. B. Lippincott, Philadelphia, 1986

150

{EMESE Vol 36



FURBR &+ v v & Ca (RAFHEER B4 IRRE SRR S

3) Tata, J. R., Ernster, L., Lindberg, O., Arrhenius, E., Pedersen, S. and Hedman, R.: The action
of thyroid hormones at the cell level. Biochem J, 86 : 408-428, 1963
4) Kim, K. H. and Cohen, P.P.: Modification of tadpole liver chromatin by thyroxine treatment.
Biochemistry, 5 : 1751-1758, 1966

5) Oppenheimer, J. H., Xoerner, D., Schwartz, H.L. and Surks, M.L : Specific-nuclear triiodothyronine
binding sites in rat liver and kidney. J Clin Endocrinol Metab, 35 : 330-333, 1972 '

6) Oppenheimer, J. H., Schwartz, L. and Surks, M.1.: Tissue differences in the concentration of tri-
iodothyronine nuclear binding sites in the rat liver, kidney, pituitary, heart, brain, spleen and
testis. Endocrinology, 95 : 897-903, 1974

7) Viarengo, A., Zoucheddu, A., Taningher, M. and Orunseu, M.: Sequential stimulation of nuclear
RNA polymerase activities in livers from thyroidectomized rats treated with triiodothyronine.
Endocrinology, 97 : 955-961, 1975

8) Kurtz, D.T., Sipple, A.E. and Feigelson, P.: Effect of thyroid hormones on the level of hepatic
mRNA for a globulin. Biochemistry, 15 : 1031-1036, 1976

9) Oppenheimer, J. H., Schwartz, L., Surks, M., Koerner, D. and Dillman, W.H. : Nuclear receptors
and the initiation of thyroid hormone action. Recent Prog Horm Res, 32 : 529-557, 1976

10) Seo, H., Vassart, G., Bocas, H. and Refetoff, S.: Triiodothyronine stimulates specifically growth
hormone mRNA in rat pituitary cells, Proc Natl Acad Sci USA, 74 : 2054-2057, 1977

11) DeGroot, L.J., Rue, P.A., Robertson, M., Bernal, J. and Scherberg, N. : Triiodothyronine stimulates
nuclear RNA synthesis. Endocrinology, 101 : 1690-1700, 1977

12) Oppenheimer, J.H.: Thyroid hormene action at the cellular level. Science, 203 : 971-979, 1879

13) Samuels, H.H., Stanley, F. and Casanova, J.: Relationship of receptor affinity to the modulation
of thyroid hormone nuclear receptor levels and growth hormone synthesis by L-triiodothyronine and
iodothyronine analogues in cultured GH; cells. J Clin Invest, 63 : 1229-1240, 1979

14) Coleoni, A.H. and DeGroot, L.J.: Liver nuclear protein phosphorylation iz vive and the effect of
trilodothyronine. Endocrinology, 106 : 1103-1107, 1980

15) Barsano, C.P., Coleoni, A.H. and DeGroot, L.J.: Description and partial characterization of
thyroid hormone-specific and thyroid hormone-dependent rat liver nuclear proteins. Endocrinology,
106 : 1475-1488, 1980

16) Ivarie, R.D., Baxter, J.D. and Morris, J.A. : Interaction of thyroid and glucocorticoid hormones in
rat pituitary tumor cells. Specificity and diversity of the responses analyzed by two-dimensional
gel electrophoresis. J Biol Chem, 256 : 4520-4528, 1981

17) Ichikawa, K., Hashizume, K. and Yamada, T.: Monoamine oxidase inhibitory modulators in rat
heart cytosol: Evidence for induction by thyroid hormone. Endocrinology, 111 : 1803-1809, 1982

18) Ichikawa, K., Hashizume, XK., Kobayashi, M. and Yamada, T.: Evidence for induction by thyroid
hormione of cytosolic proteins which control mitochondrial protein synthesis. Endocrinology, 117
: 1749-1758, 1985

19) Ichikawa, K. and DeGroot, L.J.: Separation of DNA binding domain from hormone and core
histone binding domains by trypsin of rat liver nuclear thyroid hormone receptor. J Biol Chem,
261 : 16540-16546, 1986 )

20) Ichikawa, K., DeGroot, L.J., Refetoff, S., Horwitz, A.L. and Pollak, E.R.: Nuclear thyroid
hormone receptors in cultured human fibroblasts : Improved method of isolation, partial characteriza-
tion and interaction with chromatin. Metabolism, 35 : 861-868, 1986

21) Ichikawa, K. and DeGroot, L.J.: Purification and characterization of rat liver nuclear thyroid
hormone receptors. Proc Natl Acad Sci USA, 84 : 3420-3424, 1987

22) Schwartz, H.L. and Oppenheimer, J.H.: Ontogenesis of 8, 5, 3-triiodothyronine receptors in
neonatal rat brain: Dissociation between receptor concentration and stimulation of oxygen con-
sumption by 3, 5, 3'-triiodothyonine. Endocrinology, 103 : 943-948, 1978

No. 1, 1988 151



E A BB

23) Valcana, T. and Timiras, P.: Nuclear trijodothyronine receptors in the developing rat brain. Mol
Cell Endocrinol 11 : 31-35, 1978

24) Ruel, J., Coulombe, P. and Dussalt, J.H.: Characterization of nuclear 3, 5, 3'-triiodothyronine
receptors in the developing rat lung. : Effects of hypo- and hyperthyroidism. Pediatr Res, 16 : 238-
242, 1982

25) Perez-Castillo, A., Bernal, J., Ferreio, B. and Pans, T.: The early ontogenesis of thyroid hormone
receptors in the rat fetus. Endocrinology, 117 : 2457-2461, 1985

26) Kolodny, J.M., Larsen, P.R. and Silva, J.E.: In vifro 3, 5, 3’-triiodothyronine binding to rat
cerebrocortical neuronal and glial nuclei suggests the presence of binding sites unavailable in vivo.
Endocrinology, 116 : 2019-2028, 1985

27) Pasquini, L.M., Kaplus, B., Garcia-Argis, C.A. and Gomez, C.].: Hormonal regulation of brain
development. I. The effect of neonatal thyroidectomy wupon nucleic acids, protein and two
enzymes in developing cerebral cortex and cerebellum of the rat. Brain Res, 6 : 621-634, 1967

28) Garcia-Argiz, C.A., Pasquini, J.M., Kaplus, B. and Gomez, C.J.: Hormonal regulation of brain
development. II. Effect of neonatal thyroidectomy on succinate dehydrogenase and other enzymes
in developing cerebral cortex and cerebellum of the rat. Brain Res, 6 : 635-646, 1967

29) Cocks, J.A., Balazs, R,, Johnson, A.L. and Eayrs, J.T. Effect of thyroid hormone on the
biochemical maturation of rat brain: conversion of glucose-carbon into aminc acids. J Neurochem,
17 : 1275-1285, 1970

30) Harris, E.J.: Stimulation of mitochondrial calcium ion efflux by thiol-specific reagents and by
thyroxine. The relationship to adenosine diphosphate retention and to mitochondrial permeability.
Biochem J, 182 : 455-464, 1979

31) Shears, S.B. and Bronk, J.R.: The effects of thyroxine treatment, iz vivo and in vitro, on Ca%
efflux from rat liver mitochondria. FEBS Lett, 126 : 9-12, 1981

32) Haraguchi, K., Hashizume, K., Ichikawa, K. and Kobayashi, M. : The effect of thyroid hormone
on the high affinity Ca?**-ATPase in rat liver plasma membrane. Endocrinol Japon, 31 : 141-149,
1984

33) Hashizume, K., Ichikawa, K. and Kobayashi, M. : Effect of calcium ion on triiodothyronine binding
to kidney .outer mitochondrial membrane in vitro. Endocrinol Japon, 31 : 311-320, 1984

34) Hashizume, K., Yamauchi, K. and Miyamoto, T.: Thyroid hormone inhibition of phosphatidylino-
sitol-specific phospholipase C in rat liver. Endocrinol Japon 32 : 481-487, 1985

35) Hashizume, K., Kobayashi, M. and Miyamoto, T.: Active and inactive forms of 3, 5, 3'-triiodo-
L-thyronine(T;) binding protein in rat kidney cytosol : Possible role of nicotinamide adenine
dinucleotide phosphate in activation of T; binding. Endocrinology, 119 : 710-719, 1986

36) Gurof, G.: A neutral, calcium-activated proteinase from the soluble fraction in rat brain. J Biol
Chem, 239 : 149-155, 1963

37) Inoue, M., Kishimoto, A., Takai, Y. and Nishizuka, Y.: Studies on a cyclic nucleotide-independent
protein kinase and its proenzyme in mammalian tissues. II. Proenzyme and its activation by
calcium-dependent protease from rat brain. J Biol Chem, 252 : 7610-7616, 1977

38) Hamon, M., Bourgoin, S., Artaud, F. and Hery, F.: Rat brain stem tryptophan hydroxylase:
Mechanism of activation by calcium. J Neurochem, 28 : 811-818, 1977

39) Kishimoto, A., Kajikawa, N., Shiota, M. and Nishizuka, Y.: Proteolytic activation of calcium-
activated phospholipid-dependent protein kinase by calcium-dependent 'neutral protease. J Biol
Chem, 258 : 11561164, 1982 .

40) Waxman, L. and Krebs, E.G.: Identification of two protease inhibitors from bovine cardiac
muscle. J Biol Chem, 253 : 5888-5891, 1978

41) Melloni, E., Sparatore, B., Salamaino, F., Michetti, M. and Pontremoli, S.: Cytosolic calcium
dependent proteinase of human erythrocytes : Formation of an enzyme-natural inhibitor complex

h fEINEERE Vol. 36



kIR % & Ca GerE IR SRR IR &1

induced by Ca®* jons. Biochem Biophys Res Commun, 106 : 731-740, 1982

42) Mykles, D.L. and Skinner, D.M. ;: Four Ca?*-dependent proteinase activities isolated from crustacean
muscle differ in size, net charge, and sensitivity to Ca?t and inhibitors. J Biol Chem, 261 : 9865
9871, 1985

43) DeMartino, G.N.: Cytoplasmic proteases of rat liver parenchymal cells. Biochem Biophys Res
Commun, 108 : 1325-1330, 1982

44) Wilenthal, K., Wakeland, J.R., Ord, J.M. and Stull, J.T.: Interference with lysosomal proteolysis
fails to reduce cardiac myosin degradation. Biochem Biophys Res Commun, 96 : 793-798, 1980

45) Hiramatsu, K., Hashizume, K., Aizawa, T., Ichikawa, K. and Yamada, T.: Thyrotropin secretion
in patients with hyperparathyroidism or hypoparathyroidism: Effect of serum calcium on
thyrotropin release. J Clin Endocrinol Metab, 56 : 623-626, 1983

46) Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R.].: Protein measurement with the
Folin phenol reagent. J Biol Chem, 193 : 266275, 1951

47) Burton, K.: Study of the conditions and mechanism of the diphenylamine reaction for the
colorimetric estimation of deoxyribonucleic acid. Biochem J, 62 : 315-323, 1956

48) Suzuki, K., Tsuji, S., Kubota, S., Kimiura, Y. and Imahori, K. : Limited autolysis of Ca*"-activated
neutral protease (CANP) changes its sensitivity to Ca? ions. J Biochem (Tokyo), 90 : 275-278,
1981

49) Hathaway, D.R., Werth, D.K. and Haeberle, J.R.: Limited autolysis reduces the Ca?* requirement
of a smooth muscle Ca?*-activated protease. J Biol Chem, 257 : 9072-9077, 1982

50) DeMartino, G.N., Huff, C.A. and Croall, D.E.: Autoproteolysis of the small subunit of calcium-
dependent protease II activates and regulates protease activity. J Biol Chem, 261 : 12047-12052,
1986 _

51) Belocopitow, E., Appleman, M.M. and Torres, H.N.: Factors affecting the activity of muscle
glycogen synthetase II. The regulation by Ca®t., J Biol Chem, 240 : 3473-3478, 1965

52) Dayton, W.R., Reville, W.J., Goll, D.E. and Stromer, M.H.: A Ca?t-activated protease possibly
involved in myofibrillar protein turnover. Partial characterization of the purified enzyme.
Biochemistry, 15 : 2159-2166, 1976

53) Puca, G.A., Nola, E., Sica, V. and Bresciani, F.: Estrogen' binding proteins -in calf uterus.
Molecular and functional characterization of the receptor transforming factor: A Ca*"-activated
protease. J Biol Chem, 252 : 1358-1366, 1977

54) Phillips, D.R. and Jakabova, M.: Ca*!-dependent protease in human platelets. Specific cleavage
of platelet polypeptides in the presence of added Ca?*, J Biol Chem 252 : 5602-5605, 1977

55) Davies, P.J.A., Wallach, D., Willingham, M.C. and Pastan, I. : Filamin-actin interaction. Dissociation
of binding from gelation by Ca?*-activated proteolysis. J Biol Chem, 253 : 4036-4042, 1977

56) Mellgren, R.L. Aylward, J.H. Killilea, S.D. and Lee, E.Y.C.: The activation and dissociation of
a native high molecular weight form of rabbit skeletal muscle phosphorylase phosphatase by
endogenous Ca®**-dependent protease. J Biol Chem, 254 : 648-652, 1979

57) Gache, Y.. Landon, F., Touitou, H. and Olomucki, A.: Susceptibility of platelet a-actinin to a
Ca?*-activated neutral protease. Biochem Biophys Res Commun, 124 : 877-881, 1984

58) Pontremoli, S., Melloni, E., Sparatore, B., Michetti, M. and Horecker, B.L.: A dual role for the
Ca®?-requiring proteinase in the degradation of hemoglobin by erythrocyte membrane proteinases.
Proc Natl Acad Sci USA, 81 :6714-6716, 1984

59) Fox, J.E.B., Goll, D.E., Reynolds, C.C. and Phillips, D.R.: Identification of two proteins(actin-
binding protein and P235) that are hydrolyzed by endogenous Ca?t-dependent protease during
platelet aggregation. J Biol Chem, 260 : 1060-1066, 1985

60) Melloni, E., Pontremoli, S., Michetti, M., Sacco, O., Sparatore, B. and Horecker, B.L.: The
involvement of calcium in the activation of protein kinase C in neutrophils stimulated by phorbol
myristic acid. ] Biol Chem, 261 : 4101-4105, 1986

No. 1, 1988 153



%k B %

61) Pontremoli, S. Melloni, E., Michetti, M., Sacco, O., Salamino, F., Sparatore, B. and Horecker,
B.L.: Biochemical responses in activated human neutrophils mediated by protein kinase C and a
Ca®*t-requiring proteinase. J Biol Chem, 261 : 8309-8313, 1986

62) Melloni, E., Sparatore, B., Salamino, F., Michetti, M. and Pontremoli, S.: Cytosolic calcium-
dependent neutral proteinase of human erythrocytes: The role of calcium ions on the molecular
and catalytic properties of the enzyme. Biochem Biophys Res Commun, 107 : 1053-1059, 1982

63) Pershdsigh, H.A. and McDonald, J.M.: A high affinity calcium-stimulated magnesium-dependent
adenosine triphosphatase in rat adipocytes plasma membranes. ] Biol Chem, 255 : 4098-4093,
1980

(62. 9. 30 FHD

b EINERE Vol 36



