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SUMMARY

A troponin C-like phosphodiesterase activator from bovine thyroid has been purified to homo-
geneity. The overall purification was about 9,800-fold with a yield of 8%. Bovine thyroid
activator protein is identical in biological properties to that isolated from bovine brain. They
have the same specific activity regarding stimulation of bovine brain cyclic nucleotide phospho-
diesterase. Both proteins form a Ca?* dependent complex with heart muscle troponin I which is
stable in 6 M urea-polyacrylamide gel and which is similar, but not identical, to the troponin C-
troponin I complex.

The physicochemical properties of bovine thyroid activator protein are identical with those of
bovine brain and other phosphodiesterase activator proteins and are similar to heart muscle and
skeletal muscle tro'ponin C as follows: (a) they bind 3—4 exchangeable calcium ions per mol with
dissociation constants between 105 and 10-% M (b) they are highly acidic with a high content of
aspartic and glutamic acids and isoelectric points of approximately 4.1 {(c¢) these proteins have an
unusual ultraviolet absorption spectrum with six discrete maxima between 250 and 284 nm which
are characteristic of phenylalanine and tyrosine and (d) these proteins have a low content of cys-
teine, histidine, tyrosine and proline. The tryptic peptide maps of bovine thyroid and brain
activator protein are very similar. However, despite a very similar amino acid composition, the
peptide map of bovine heart muscle troponin C is significantly different from that of the other
two proteins. The molecular weight of thyroid and brain activator protein is 16,500 while that of
heart troponin C is 18,500. Thyroid and brain activator protein, as well as heart troponin C, ap-
pear to undergo significant Ca2* dependent conformational chahges. as measured by the difference
in the circular dichroism spectrum and electrophoretic mobility observed in the presence and

absence of calcium ion.
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A. REE
ATP, cyclic AMP, 5-nucleotidase (grade IV),
DEAE-cellulose, CM-cellulose % Sigma Chemical
Co. X W AZF L7z, Sephadex G-100 !X Pharmacia
Fine Chemicals @ & ® % i\, sodium dodecyl
sulfate, acrylamide, N, N’-methylenebisacryl-
amide, N, N, N/, N’-tetramethylethylene diamine,
ammonium persulfate, Coomassie brilliant blue,
Chelex-100 L Bio Rad Laboratories D% FL
#=, $%CaClz (specific activity ; 5mCi/mg) X New
England Nuclear Corp. & 0 ABU7ze A IRIRCE,
Pel-Freeze Biological, Inc. X D ATFLI,
B. FBIik
1. 0fF troponin RUSED subunit OFFL
iRy, BESEL D AT L, FBREETKPT
Wi, FEONE, Weakh MEERELLE
Tsukui and Ebashi ®FFIZ X ) troponin % i
1L 7, T, Perry and Cole OFE® LD,
DEAE-cellulose U CM-cellulose & VT, £0D
subunit Z B LA,
2. % AP DL
RS X 0 BG4 e Lin HOWED o8
L DEAE-celiulose chromatography OBREE Tk
WL, TEMDB B fraction e, EIH L% 100
graFmc e s ¥ TAREL EOIC L D EI Lic
W /B> 50mM Tris-HCI buffer, pH7.5 el 313
L, F— buffer 123E# Lico WHELI AP Zf—
buffer TEH{L X Iui: Sephadex G 100 77 4 (2.1
x80.0cm) V= apply L[~ buffer T elution %7
wtte AP RB—DOMfiE — 27 (Kd=0.29) & LT
DEES R, FILOREM, MoV TEBRHE L
foi6)
3. “Activator depleted phosphodiesterase”
F e
HWarEs ) Mactivator depleted phosphodiester-
ase” 11, 4 X H Watterson DO CIRELL
1o ‘
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4. Polyacrylamide gel TE4&#T)

5 #k polyacrylamide B4k ik Tris-Glycine
buffer, pH 8.9 &% F\> Davis OFIIIZ X 7,
Sodium dodecyl sulfate (0.1%) FF#H T O BRIk
ik, Weber and Osborn @Jl2z Xh, JR#E-
polyacrylamide gel {E5&UklhL, Syska HO L
mHE e,

5. Phosphodiesterase fifM:{LAEDHIE

Phosphodiesterase §f#% B O° AP @ phosphodie-
sterase JEME(LBE IMEICHE Lic Hil® BT T »
oo AP @ phosphodiesterase JEM:{LAER JNE T3
i, AP % phosphodiesterase % half-maximal
WHEMAET A range WA BREINEN L foo AP OBARL
(BRI =i o]
Pi released/10min) % 50% stimulation {3k 5 &
% lunit L@z,

T3 7R

7 3 /2 R4 L Beckman 120 amino acid ana-
Iyzer % FVy Kuo and Coffee OF2DCFH 5 7z,
FEEEEML 6N HCI T 110°C, 240K Lic,

7. Peptide mapping

R (39 100pg) % 20021 © 0.1M ammonium
bicarbonate-0. 1ImM EGTA (2 fiff L, N-tosyl-L-
phenylalanine chloromethyl ketone trypsin (10%
w/w) T 37°C, 18W§RMITY{L Lo H{bfd mibiG
s, ANROTEIZ TR L, 20cm % 20cm A vicel
thin layer plate (Brinkmann) iZ spot Ui, B4
tkif)ix, formic acid/acetic acid/water (58/156/
1786) T 1000 volt, 2TV, 5 2
pyridine/butanol/acéhc acid/water (10/15/3/12)
#%C ascending chromatography %
vt ninhydrin spray THil L7e

8. Ultraviolet absorption spectrum

—JE B D phosphodiesterase (92n mole

6.

v {Tw1ze Peptide

Ultraviolet absorption spectrum #I%EiZi Cary
14 recording spectrophotometer % U 7z,
9. Circular dichroism O#lE RO helical
content OHEE
Circular dichroism®lI5EIL Cary mocdel 60 spec-
tropolarimeter % V> 25°C Tfj4> 4L, helical con-
tent OHEEIX, Kuo and Coffee @izt 0T
frixhtc,
10. Analytical ultracentrifugation
FHZE 1% Kuo and Coffee D4t [,

Spinco model E ultracentrifuge % i\~ 20°C T4y
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Ca?* YPEEHS, critical 7Bz T, B,
FERKEE Chelex-100 # 7 2%l L, Ca?t &pr:

Ufza AP X 0 Ca®* %< BT, AP Btk 10mM
EGTA 17 4°C 405+ incubate L7cf%, KEO 50
mM Tris-HCL pH 7.5 128 L THEFT 2 §E L EGTA
s Lice SPHIENTL, Lin HOHED 128 UTH

W, R S L,

12. Isoelectfic focusing

4UE 1Y, Kuo and Coffee D528 L poly-
acrylamide gel % F{\>7c analytical isoelectric
X - 'ka'ﬁ L7‘:o

13. RAER
REEENL Lowry #2212 X o TZE Lz,

focusing =

M. REREER
AL FHRIR AP R
1. Crude extract supernatant @ Ji#

DA A R L RO AL TR ek E
0~4°C OEMW ALK Tl - et 500g OFVRIRL
WAxH 2 vy THIEE, 5%ED ImM MgS0s 1
mM 2-mercaptoethanol, 20mM Tris-HC! buffer,
pH 7.5 (Buffer A) &z Waring Blendor T 0°C
2 77 homogenize Lo EATF o step bhifzis
WD 0~4L°C T iz, Homogenate % Sor-
vall SS-1 rotor “C 22,000X g 3045 W0 L
Fi#% glass wool #3i L crude extract superna-
tant & Lz,

2. AL OV e 5y i

) 2.5 © crude extract # AF VLV A, AT 4 -
ABLD & — 1 —1Z A boiling water bath #T 6 4
MR LE UinZs g Lick, T2°0502 ice hath ft
WA U, SRR U 73EMT 12,000 x g 20570
OWCTIR X, F 013 100ml 240 28g D LG
A, GO MOBRRK, g @O T E, £0
L T v BUHE 100ml ¥ ) 9 38g @ B 4EA Ink 1002 49
e Uleo iz & o TS i il 4 /N o Buf-
fer A ViR LA B O Buffer A % L CiEH L
1o '

3. DEAE-cellulose c‘hr()matograph,\'

iR ORE Y Buffer A TF# 1k L#- DEAE-

cellulose # F 4 (2.5%30.0cm) = apply L, 0.15

D

M W%k 41r Buffer A CIEHIRCTR B4 %7 ¢
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b ECH I, 0.3MBE %% &b Buffer A T
AP T Ui, Fig. 1R THC & 04T, K%
959 DEAER A AL AP LUHRINC 0. 3M Higes
41y Buffer A THEH X7, 3ml/min OME-CH
WAV 12ml <32 fractionation L7z, AP %%
fraction %4, [WILHEL% 1005 SUFE 7o Bz
% 22,000x g 155 M0miic & » THEEZED, 50
mM Tris-HCI buffer, pH 7.5 25 LCHEHT Lic,
4. Sephadex G-100 {Z X % gel filtration
e & Mls AP % 50mM Tris-HCI buffer, pH 7.5
C3PHL L 7= Sephadex G-100 # T 4 (2.0x80.0
cm) 2 apply L, [fi— @ buffer T 12ml/hour @
METHEt L, 3ml 392 fractionation U7z, Fig. 2
R THRT AP 1327~31%F D fraction jz¥—TH
e — 27 & UTHEH Lic, APiGEEOH %D fraction

RSB A LR, SRR LR E L7
Table I {2, FFREREA R LAY AP WL ZOJLET
#9800 iR B X LRI 8% TH H T2,
B. FRIR AP o L5 TR

RIS AP O #8 R o #E & BE¥ polyacryl-
amide TR, sodium dodecyl sulfate-polyac-
rylamide BT TSI, = OFfE TH— 3V
FaEIBE LE (Fig. 3), WHICRIR AP L, 4 AP
& co-migrate L, BFENAHLVZEXREL, O
TN Clx AP X b e ki xhic, Offi TN
C &Pk AP OREGDERETH L2200 AV F
NEZEER, O TN CIEREE AP X b K
FunlEz bk, b EROKIELIEMOR
BOREE LR LoFREYHET D &, PRI
4 AP 11 16,500, i TN C 13 18,500 X {1 &sh
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Fig.1 Chromatography on DEAE-cellulose. The protein obtained from
ammonium sulfate fractionation was chromatographed on a 2.5x30

em column of DEAE-cellulose.

The column was washed exten-

sively with 0.15 M ammonium sulfate in Buffer A. Elution of the
activator protein was achieved by elution with 0.3 M ammonium
sulfate in Buffer A. The flow rate was 3 ml per min and fractions
of 12 ml each were collected and assayed for phosphodiesterase
activator activity () and protein concentration (@).
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Fig. 2 Gel filtration on Sephadex G-100. The pool of thyroid activator protein obtained from

the DEAE-cellulose column was concentrated and chromatographed on a 2.0X80 cm column
of Sephadex G-100. The column was eluted with 50 mM Tris-HCI, pH 7.5 at a flow rate
of 12 ml per hr. Fractions were monitored for phosphodiesterase activator activity () and

protein concentration (@).

Table | Purification of Cyclic Nucleotide Phosphodiesterase Activator Protein from

Bovine Thyroid?

Specific

Total protein Total activity C. Yield
Step activity

mg %103 unith unit/mg %

1. Homogenate 145, 000 128 0.88 100
2. Supernatant 48, 000 69 1.44 54
3. Boiled supernatant 43,200 68 1.58 53
4. Ammonium Sulfate i
(50~100% precipitate) 240 29 122 23

5. DEAE-Cellulose 5 15 3008 12
6. Sephadex G-100 1.2 10 - 8625 8

158

a : Purification from 500 g of wet weight thyroid glands.

b : A unit is defined as the amount of protein required to give 50 % stimulation of a fixed

amount (92 nmol Pi released/10 min) of activator-depleted phosphodiesterase.

fEMKEE Vol. 26



FIET » 27 4 0= 25 T — LIEIE(ZER

Fig. 3 Sodium dodecyl sulfate ~-10% polyacrylamide gel electrophoresis {A) and standard 7.5

% polyacrylamide gel electrophoresis (B)
Arrows indicate dye front.

a @ Bovine thyroid activator protein (10 pg)

b : Bovine brain activator protein (10 pg)
¢ : Bovine heart muscle TN C (10 pg)

d : Bovine thyroid activator protein (10 zg) + Bovine brain activator protein (10 pg)

-

g : Bovine brain activator protein (25 pg)
h : Bovine heart TN C*(25 pg)

= (Fig. 4).

WP Bl & 5 T non-denaturating con-
dition (50mM Tris-HCI, pH 7.5) THURIE AP, 4
AP, Lfffi TN C D5 RANEL,  OFiRY Fig.
51Z/R L7, In concentration % radial distance ©
2HEOBAKE LT plot $5 &, ZO3MDEALD,
TR OIEE N X s, Z OIETFRME, (K1
A Ve, T T o i EESMFOKE 7L net
negative charge 12X > CH|EBIN D D EEX
bhic®, co7F—xXb, FiRIE AP, 4 AP, L
M TN C o5 FREHFT 2 & %~ 16,084, 16,103,

No. 2, 1978

: Bovine thyroid activator protein (25 pg)

: Bovine thyroid activator protein (10 pg) + Bovine heart TN C (10 pg)

19,240 £\ 55 R E b, 4 sodium dodecyl
sulfate polyacrylamide TEZIKE)L D 3 HIICHsF
LI —HFL, o3 inEAIL single polypeptide
chain TH5 ¥z bl
C. Phosphodiesterase ik

RIS AP 1X, 4 AP &Jajfkic Nactivator deple-
ted phosphodiesterase” % {&#:{k L 7o (Fig. 6).
Ca?* A FTL, WIRIE AP, B4 AP (382 pho-
sphodiesterase Z{&tk(k L8, Ca?* N fEfE Lig
U Fifigs & b, phosphodiesterase {12 45 { B
Lz leh 5T, FRIR AP, 4 AP O iE XA
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Fig. 4 Determination of molecular weight of thyroid activator protein on
10% polvacrylamide gels in sodium dodecyl sulfate according to Weber
and Osborn®, Protein standards used and their molecular weights
were IgG immunoglobulin (50,000 and 23,500), ovalbumin (43, 000),
heart TN C (18,500) and cytochrome ¢ (11,700). The mobility of both
the thyroid activator protein and heart TN C are indicated by arrows.
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2 £ &
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Fig. 5 Determination of molecular weight by sedimentation equilibrium analy-
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R T 4 AT 4 £ = AT 5 — HiGHALEE

sis. Sedimentation was performed at 20° and 48,000 rpm for 18 hr. Sam-
ples were dialyzed for 24 hr. at 4° against 50 mM Tris-HCl (pH 7.5)
prior to centrifugation. A, bovine thyroid activator protein ; B, bovine
brain activator protein ; C. bovine heart TN C.

P1/10 min)

3004

(n maol

200

Phosphodiesterase Actiyvity

Activator Proteln (ux)

Fig. 6 Activation of cyclic nucleotide phosphodiesterase by bovine thyroid
(®) and bovine brain () activator proteins. Assays were performed as
previously desribed!® using 0.5 ml of incubation mixtures containing
50 pg of phosphodiesterase and varying amounts of activator protein
as shown. Error bars indicate the standard deviation [rom the mean
value for 3 determinations. The calcium dependence of the activation
is illustrated by the inability of either thyroid activator protein (HD
or brain activator protein ([_]) to stimulate phosphodiesterase in the
presence of 0.1 mM EGTA. )
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Fig. 7 6 M urea-polyacrylamide gel electrophoresis at pH 8.6

Arrows indicate the complex. Free acivator protein and troponin C

are observed as fast migrating bands (*).

a : Bovine thyroid activator protein (30 gzg) + bovine heart muscle
TN I (45 pg) with 0.1 mM CaClg

b : Bovine thyroid activator protein (30 pg) + bovine heart muscle
TN I (45 pg) with 0.2 mM EGTA

¢ :Bovine brain activator protein (30 pg) + bovine heart muscle
TN I (45 pg) with 0.1 mM CaClz

d : Bovine brain activator protein (30 pzg) + bovine heart TN I (45
rg) with 0.2 mM EGTA

e : Bovine heart muscle TN C (30 pzg) + bovine heart muscle TN I
(45 pg) with 0.1 mM CaClz

f : Bovine heart muscle TN C (30 pg) + bovine heart muscle TN I
(45 pg) with 0.2 mM EGTA

g : Bovine heart muscle TN I (45 pg)
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—TH Y, EDORED L —HK LI,
D. R AP &0 TN 1 0 complex
A

TN C & TN I Ca?t OfFEET TR com~
plex #ME L, T complex (¥ 6~~8M urea-poly-
acrylamide BHEXKE T ChEEETH D = L2905,
HkiR AP A3 TN C Al TN I & complex %Ik
TLPEDHE LIz, WK M AP L TN C [k
g FERA TN IOR, 4085 TN I8 L Ca2t
TFET TR complex T2 Z &G sh
T b,

Fig. 7 {23k, (O TN C Wlffi TN I &
Ca2+ FZET THREMW complex ¥ L, EGTA
OEINCHET 5. RS, BRI AP, AP &
TN I & complex %KL EGTA Dt o T
BRAET S C LoD TOLMNF T, TN I (ki
EALERENERT, A o EICiE L Tv b,
GHM TN C-TN I complex, Wi AP-H&i5 TN I
complex (X, 0.2mM EGTA D{EINTH g4 %
EENT L N0, REHeCUE, B &IET, O
i TN C-TN I complex, AP-TN I complex & i,
BRI LA AR L e ZAud, D TN T &34
TN I &D3h, ULBOFE L 5O TIHT
H5,

E. Ca?t #ifyfh

THERTAC X » TR Btz Ca2t OHURER AP ~

DA% Scatchard plot m X o THFT 2 &,
«lk)]‘! AP {3 22D high affnity site & 220 low
affinity site #3%, M@ E L&/ 4 2.1%10-M
& 4.1%X10-M CHAB = LHdnnB (Fig 8,

F. 73 /B

TR AP, B4 AP, (O TN C 7 & /7 RlBUT
FEEME SR T % Ca?t JEEEAD T 1 2 MM L
2 Table 1 R LA, HUIRER AP %, @ histi-
dine, tyrosine, proline D&EMEL, @ cysteine
wik %, @ aspartic acid & glutamic acid A9 30
% he i, @ 45% 75 non-polar residue “T55%; /8
polar residue THd o L%, HHHMYET & /2 BEHLK
R, BT Table IT 27 Cazt {i&riR@ANLa:
TRAFML TS Easbdole, Bic7 7/ HEM
WOFEHEZ WM T B RN TIh B DT — 20 b
Metzger B DS D 5 & 5, Difference Index
RER L, Table II 1278 Lic, HURER AP o3, I
AP, I AP, RITFRIE Ca2 f55HE, (OF AP &
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Fig. 8 Scatchard plot of Ca?* binding by
the bovine thyroid activator protein.
The data shown are from equilibrium
dialysis experiments performed as desc-
ribed under “Methods”. The mols of
Ca2t bhound per mol of activator pro-

_tein, v, was calculated from the difference
in radioactivity in the protein solution
inside the dialysis tubing and that in the
buffer outside the tubing after equilibra-
tion had been reached. (C) is the con-
centration of Ca?* in the buffer outside
the dialysis tubing.

FEAER--THY, B, O TN C L hbE
W TN C LT 5 2 EAND D,
G. Tryptic peptide map

Fig. 9 i=HYRIs AP, Jid AP, O TN C © pep-
tide map AR Lic, FRIRER AP &M AP LB < i
peptide map &R L, 7 3 VMO OMELEFEL
Feph, 78 MEHUEORIMWEZ b s bE, AP &
O TN C (1§ » 7 peptide map &iRL7z,
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Table Hl

Calcium Binding Proteins

Comparison of Difference Index of Phosphodiesterase Activator Proteins and Muscle

Difference Index

Bovine thyroid activator protein vs.
vs.
vs.
vs.
vs.

VSs.

VS.
VS.
VS.

protein
profein?
protein®

Bovine brain activator
Bovine brain activator
Bovine brain activator
Bovine heart activator protein®
Pig brain activator proteind

Bovine adrenal medulla Ca?* bind-
ing protein®

Rabbit skeletal muscle troponin Cf
Bovine heart muscle troponin C
Bovine heart muscle troponin C¥

3.88
3.90
5.71
5.25

5. 52~6. 04

3.89

9.43
17.45
15. 77

2 1 Values calculated from the data

b ”
€ /7
d: ”
e ”
f: 7
Lo ”

of Lin et al.®
Watterson et al!?
Stevens et al.l®
Klee
Kuo and Coffee??
Collins et al3®
van Eard and Takahashi3®

Thyrald Aclivator Prolain

P
\

O

(>
o
O o

Brain Activator Protein

O

Heart Muscite TH C

Q)

I8

S

o

R

Fig. 9§ ‘I'ryptic peptide maps of bovine thyroid activator protein, brain activator protein, and

heart muscle TN C. Electrophoresis was carried out in the first dimension using formic

acid/acetic acid/water (58/156/1786) and ascending chromatography was performed in the

second dimension with pyridine/butanol/acetic acid/water (10/15/3/12).

L1 T, 8AP, O TN C OHEBEHEFA—TH-
o (Fig. 1D, ¥ i, < h Lok, b4 AP, F
i TN C oW TOFEROEHEDS L B {—F L
1o ’

H. Ultraviolet absorption spectrum };
¥ Isoelectric focusing
HORI AP @ ultraviolet spectrum %, 4 AP,
OFF TN C ol o T L (Fig. 10), FELL
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Fig. 10 Ultraviolet absorption spectra of bo-
vine thyroid activator protein (A), brain
activator protein (B), heart TN C
(C). In each case, the buffer was 50 mM
Tris-HCI, pH 7.5.

and

I. Ca?t OWRIKIEA~D R E
TR AP%A 0.2mM EGTA %% 0.1mM Ca?*
DEEAEF TR L 74 B % Fig. 12 127K Lic,
Ca2+ O (FAEF Tlk, EGTA i FiZkb L, HURIR AP
O WX R, AP, TN CioouwTh ke
e s, SR b ORI s S e E i
TN C2), Ofiff TN C18), [ AP®Z D\ T D4t~

_‘ﬁ@-zgo
J . Circular dichroism spectrum
Ca?! DIAKIE~DW L, TN C9% APV

conformational change &4 2 4 o L&z Bt
HIEmb, IR AP, i AP KX ONG TN € @
circular dichroism spectrum % Ca?* O F RO
EGTA {FA4FTIIE L1z (Fig. 13), HkIg AP o
250nm LA F T spectrum (% 222nm & 207nm Tl
M LD, Ziuk, S OEAED-E)A helical
conformation > T\ A2 & &R L, #iz Cal+
% EGTA Iz X DBr&7 % & 222nm, 207nm O
W ET, ellipticity 23U T 2 2 &L 2 EE

166

i

“17]

3 hJ—'ﬁ B S
3 1 3 4 5 6 T4 8 9 10
cm

= —
d c¢c b a
W w w w
- e
7-
|
61

Fig. 11 Isoelectric focusing of bovine thyroid
activator protein on polyacrylamide gel.
a : Bovine thyroid activator protein

(30 pg)
b : Bovine brain activator protein (30 pg)
¢ :Bovine heart muscle TN C (30 pg)
d : Bovine thyroid activator protein (15 pg)
+ bovine heart muscle TN C (15 pg)

Solid line indicated densitometory (absor—
bance at 550 nm) of gel a.

Shtc, Calt fF{EF Tk {03 222nm (31 —22, 880
deg cm?/d mol TdHhH, Ca2t JFHET TIL {03
222nm (1 —16,000 deg cm?/d mol T -7z, 207
nm D band THEEARZ(LAHZE SIrehs, MWl o
FEEE X 222nm @ band 12 L/N& 7 5 7o, Fig. 13
RS AR LIckRic, W AP, O TN C b JAjEE
75 Ca?* {(fffl: conformational change HZE X,

EINBERE Vol 26
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Fig. 12 6 M urea-5% polyacrylamide gel electrophoresis
a : Bovine thyroid activator protein (30 pg) with 0.1 mM CaCl,
b : Bovine thyroid activator protein (30 gg) with 0.2 mM EGTA
¢ : Bovine brain activator protein (30 pg) with 0.1 mM CaCl,
d : Bovine brain activator protein (30 pg) with 0.2 mM EGTA
e : Bovine heart muscle TN C (30 pg) with 0.1 mM CaCly

f : Bovine heart mnscle TN C (30 pg) with 0.2 mM EGTA

4 AP 12D\ T OO ED &L —F LT, conformation #7R L, FEFERT TLi34% s L,
Helical content % circular dichroism spectrum i TN C Tliiu46 % Hn35% ~NERAT5 2 Ent
HBHEE Lk A Table IV (2R L7chs, Ca2t {f O 5T,

T Tk, HURDE AP Tix§961% 7% a-helical con-
formation %R L, Cat FEFFAET Tlk, F946%12i%
YA, AP X Ca2t fF#E T THI432% »% a-helical
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Fig. 13 Far-ultravielet circular dichroism spectra of bovine thyroid activator protein (A)

bovine brain activator protein (B), and bovine heart TN C (C).

Spectra were measured

with constant nitrogen flushing and protein concentrations of 0.22, 0.42, and 0.67 mg/ml
for thyroid activator protein, brain activator protein and TN C respectively.

Table IV
Activator Protein, Brain Activator Pr-
otein and Heart TN C from Circular

Helical Content of Bovine Thyroid

V. & %8

Dichroism

[0} 222 nm

deg cm?/d mol % helix

Thyroid Activator
Protein

fli # @ non-muscle cell iZ3vT, 5L,
exocytosis, endocytosis, #liNENYEE OMT)E ORI
BB AN i = L e [ e ¥ I Y P =P
TV 528, HURRA B actin, myosin 2355EL X h,
FoMRa R xh, OEBE ST B S
D A, RER ST, IR 2 B A B

CaClz (0.1 mM) —22, 880 61

EGTA (3.0 mM) —16, 000 46 TR, HUIRBR AR & v s & S BES. LT B
Brain Activator BT S HMT, oz 8L L THRO
Protein y ) tropomyosin 4° tropnin &\ 7c regulatory pro-
Bovine Heart H#) C troponin C-like phosphodiesterase acti-
TN C vator protein AR L, F kil ov T 2

CaClz (0.1 mM) —15, 856 46 %120

EGTA (3.0 mM) —11,151 35 FLRIR AP vk, BB, WREEODME, (A4 viilar 5

168
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BT EATH S LG OEIREFIH LT D, B
e [l o PO 0k, RIS R B
1% thyroglobulin CHIRBFT L EE ORI80% & ¥
ABRTWD) B L o ThERI Ly 2 & T
BHotodh, CHIRBFEETS CLinX > TE DR
hiz. DEAE-cellulose chromatography iZX »T1h
K EOEIEEAL RN, Sephadex G-100 /1 5 2% B
VBT ETBHBLLLOMEL 70 AP#{E5 2 228
Hp Qe

TOFFC X o THE SR HRIR AP UL, I AP
13 & A ER—DEMERER YR LTz, M,
ki AP, Ji4 AP IX phosphodiesterase f&EH:{LpE
12 BT specific activity % L, B 6 M
urea-polyacrylamide gel NG TN 1 & TN C-
TN I complex izfllic Ca’t dependent complex %4’
TR Utce 40085 TN C 4 ¥ 7 Ca2t 15T C phos-
phodiesterase & {GHELT BHHENEIF » T B ARK
WML T 2 fodicid 200 5L L OBE L LEE L
Fo18)

R AP OB BRI RE, (IsE D AP LH]
T h IR ENNEM | EHHAE TN C, & TN C
N2 LTV e, BIME R BT L, @ 2 h
HOEEL 1 844D 3~ 4D Ca?t HFTRLAH
B, FOMBEEERNL 10-5~10-M TH H, @ MiEE
E1C aspartic acid, glutamic acid ZkBIZ &A%
BALILITH D, @BEOER & £ - = ultra-
violet absorption spectrum %75 L 250~280nm o
Mz 620 — 7 %3S 2 i phenylalanine &
tyrosine IZ4F M & & 2 B, @ cysteine, histi-
dine, tyrosine, proline DEEIMEL, ® 7 3 /1§
I B Difference Index #3115 L HUIR AP
e A AP, BERG AP, - BIREIE Cart #AERE
Lk A ST, O TN C X0 bi#sil TN C
EHLTV 5, AP & TN C OR X Higs,
=0 peptide map (Fig. 9 & ref. 13) & 45T HFT
Hh,

LERoE&mE, PRI AP, B AP (O
TN CRlf§ Ca2*t ({75 conformational change
TR EEL bR, G TN C Tigshi®m s
g, - OZEEBREARKE THED bivie, Bio Bk
AP @ circular dichroism 71 B 4 Ca?* {£fFil: 0
helical-coil transition 2 #EJl & 1 holoprotein @
helical content %619, apoprotein OLIi146% C
Ho LEZ Dl BFOWM:, Cazr (KfEED
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conformational change (I} AP RO TN C 7
Ligigsaivieps, B AP, LA TN C @ helical con-
tent % Ca®* DFEFZm b I b, WP AP @
helical content X M{EL 2 Fx b, ZOERD
PRSI TH A A, T o FEH AP LR, 4 AP,
i TN € X b helical content A3EL2E LD
T B30, [ KD helical-coil transition (X EH
TN C, BIBEIE Cart #5aHE™, 4 AP
», [ APOTL ST B,

DLEofERO M <, BRI AP X, (LSO AP
Kk, i TN C A& LHLERTH D LEH
Z B AA, Amphlett B, BT, 404 AP i
Wi TN I & Cadt fKEM: complex &L, Wiz
A% actomyosin 12 TN C (REDERA - T
WHZ EEHE L, BELECRM AP LOfF TN 1
A% Ca2* e complex 2R T2z & RIBLT
WA, WYz Dedman B0, i3 o FESL AP
AR TN C = D8z biological cross-
reactivity % R LTV 5o APRICBOTLESE,
R AP UF, O TN I & Ca?t (K4 complex
KL, - @ complex i¥, M AP—Off TN I
complex X {(XiFlA—T&H h, TN C-TN I complex
LT A EAVEI L,

PEO#H BESa L, ¥z BRI myosin
actin PEAETH 2 LD B EXLAED L COBERL,
i~ phosphodiesterase DIEMEALERTH % O R
59, HOHRIR actomyosin ATPase @ Ca?* trans-
ducer M5, TN C & LTl¥, HURIR®H A € v
WA 7w 4 NI, e AT S
LokELZ LD,

V. ¥ &

Fk Bt X D troponin C-like phosphodiesterase
activator protein ¥ L, £ OMIREIH AP, O
TN C & Ihlest Lz,

@© HIRIE AP @ phosphodiesterase §if ¥: {LhEV
AP EF—THbH, i Lfff TNI & Ca?t R
HPE complex * T L 7o FHIKHE AP-O TN I
complex if, W4 AP-ffi TN I complex & E(H]—
T, TN C-TN I complex HEIEIL TV i,

@ R AP OEMEF R MR, AP &0
ER—TOLH TN CIaE LTz,

@ KRR AP 1k Ca2t OFMIZ L » T, 4 AP
O TN C FJAEED helical-coil transition %175
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