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Ca®*—Binding Properties of Bovine Brain S-100a and S-100b
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Chemistry Laboratory, Asahikawa College, Hokkaido University of Education,
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Abstract

The S-100 protein of the bovine brain is a mixture of S-100a and S-100b protein. The
measurement of the fluorescence intensity of TNS-labelled S-100 protein reveals two Ca?
binding steps. The effect of Ca** binding on the difference spectrum of bovine brain S-100a
and S-100b proteins were examined at pH 7.0. The S-100a protein exhibited a blue shift of the
absorption bands of the aromatic residues, while the S-100b protein exhibited a red shift. The
dissociation constanst of the Ca**—S-100a complex and the Ca**—S-100b complex obtained by
the difference spectra were 2X10™* M and 3X10~* M, respectively. This means that these
proteins differed rather more in their hydrophobicity properties than in their Ca?*binding
affinities. Positive cooperativity in Ca** binding was found in the S-100a protein.

The effect of Ca** on the fluorescence intensity of $-100a was examined at pH 7.0 and pH
8.3. At pH 7.0, a very slight increase was observed in the pCa 5 to 4 region, while there was
a very slight decrease in the pCa 4 to 3 region. At pH 8.3, a nearly 30% increase was observed
in the pCa 5 to 3 region. This means that the H* dissociation of the histidine residue of S-100a
protein is accompanied by an increase in fluorescence intensity. The value of the dissociation
constant 1.6 X 107*M thus estimated was in agreement with that obtained by the difference
spectra method. The fluorescence of S-100b at pH 7.0, 8.3 and 9.2 was affected a little by the
addition of Ca?" as was also the case of S-100a t pH 7.0.

(47)



48 t#om oW AT

S-100 » Ca* #4a

S-100 ZEEHlX Moore ic L » THERSNLSTE2 T 1 TOBEEOE T, Mo 7)) 7Y 2
SRICHETH. ZOEAHIE, Ca* fEaic L -» THEEE{L R ¢ 2 & »7Calissano 52 k- T
BHE N TWa2 A% EFAEREIIRETH L. SEF S-100 BHE, Ei- S-100a, S-100b o — %
DIREWTH B LY, Isobe Lic Lk » TSN T 5%, Znfk S-100a (L 2fFEH R ) ~7F F

(a$l, BE) bbb ~Tu¥f>—ThbnIZk]L, S-100bit (B4, L&) NDKEF( =—
ThbdIEHRIBSN T2, Y Calissano & DifilE? (2, S-100a, S-100b DEEH TITZ bt T
A5, S-100 EEED Ca* #HANHMEMA L2127 31203, TTERTRUEXTF FiconT
Ca* EAIC L 2SI AR Z EAWETH 2, ARERTIE, i L DR L 722 S-100a }r S
-100b o Ca® &% ) T FhoBERb %, &BHEE BLUEAT FIVETHEN,
LT, FRROERE S NMOMEEIHRY L abd TR L 722,
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S-100 &/ HEl%, Endo 60 HEY T L N A v ' T
|, Isobe b R % 4 L& 2z T (DEAE
Toyoss—nAH7 L7+ 7F74—T0.075
M#A 5 0.17 M % T NaCl B i EAE # 5
Az &L D), S-100a, S-100b o 2 FEDRS
I=4r8EL 72, 2 — P —Toluidinyl naphthalene—
6 —sulfonic Acid Potassium Salt (TNS) i1,
e b RREL> 2o F ML /2. CaCly &k
BTG CaCl, - 2H,0 A >k i
DZEFRIK A & 78 72, Ethylene Glycol Bis (8—
amino ethyl—ether) N, N, N’, N'—tetraacetic
© Acid (EGTA) 13, bR+ 80°C TH MR
L T# &8 L 7z. Morpholino propane sulfonic
Acid (MOPS), Tris(hydroxymethyl) amino
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Fluorescence Intensity (arb. units)
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methane (Tris), Na, P, O; 2%k % F o E 4 4 3 2
FL7. BIEIRET 25°C Tk - 7. Pca

72 S-100 &AIx, 5 mMEDTA &f@iic 4, 1 TNS#7-~UL L7 S-100 & & o & ¥k
5 ELEMT L Ca*t # BT 5 Ca® fEE D #lEIC FEaiEsk Ca® W HEIR TR, #E@hiZ 450 nm
w7z, S-100a, S-100b 2 ~27 b ILDRIEIZ DHEIHRETH b, EBREMH0.1IM
i, BEUV - 2107 B 26 5 v 7, & Tris—Hel (pH 8.0), 10xM TNS—S100.

A7 Fovid B3 MPF— 4 BUEEC8GE R 2 v TRIE L 722, TNS # S-100 &H (S-100a,
S-100b ?iRE&M) 1= F~<n¥ B J7iklE, Calissano? 50k h b <72, 74 7 14 7% S-100a
ML, % 295410 nm TIT v, 5% 355+ 5 nm TEAIL 72, S-100b TiL, BiEE
280+10 nm TAT 7% vy, #9613 345+ 5 nm TEEAIL 72, 1 X107 4 5 107 MovilifE Ca** i,
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Ca”—EGTA Bl F\ 220 K TRE L 72,

RERIER

1) TNS{E S-100 N &34 & Ca® JBE & RS .

Ao BET A AT S-100 EE i TNS 2 1 €40 1 ET~ULL, 450 nm O &5 P 4 %
BECa™ BEICHL 70y b LEod R ThHbH., EIEENRMIZBKED R %R, pCa 4 7
5 3dao Ca™ BENRMICH L, %3 XBicmL, pCa 3 kN L Ca* A 702 & 85
BRBUCHAT 2. it S-100 0 Ca™ A IC IEDBRMEDS AT 2 = L 27T 5, B)t, Ca?
HER BRI TRIA2L)ThHE, £/2pCa 2L ETRELL TWAHAHBLLTV s, &
WIEANEASICLBLDTHS I,

2) S-100a, S-100bDEZ <2 b 0

H2@\Nx, 1 mM Ca** FAETICBWTR2 A
725-100a DE2Z~27 )L Th b, CaltiBfE % 24
ZTR/LNIEART } Loy 286 nm D W%
LR Ca®t BEICH L 7oy F L2 LA 2 ~goosh
b)TH 5, b pCa 4 b 3DMicKE %
it s T, Ca¥ BAEICEDHREY H 5
ZEERERLTwa, pCa 4 &1 ik Ca® it
oL EiE, REFARECERVWEAYH2NNE =001 ) . T
IME b Lo, BARTIAHYNETHE 250 270 290 310
Tk, Ful K FYT T RS Wavelength(nm)
NHAKENITRIEIC s b E2RLTWa, /- . .
ZofL D, pKoid 3.7 eH s i, 0.01F .

S-100b iz DWW T EFRIZZE R~ FILRIEL 72
DHFE 3(a)TH 5, S-100a » |Fflz, Fui D
AT PRI > TWaAZ LiE, T
LN BUKEOBIEICH - /22 F 25577, S-100b %
BRLTWaR)7FFELIE, PV 777
YEEFELVOT, 295nm /A E LA, HEIR
AL7zS-100aiz ka3 nEBbns, Zokkc
S-100a & S-100b & Tl Z 27 F L] X A3 QL4 ! :
& B 5, pKold, K3MI2RT L1235
ThHN,S-100a D FNEFRA EEDL L i - 72,
Hit, S-100a & S-100b & {F Ca** Ak S (3,

AA

0005F ]

AAz28inm

Pca

B2 S-10adCa*#Efic L a2 7}
N, (@) 1 mM Ca** FHETFTDZ~<7 o,

Eb b \wh, TOWEIE-> TWDI LHTRE (b)i3 286 nm ) W3 FE 2 % 3 B Ca®* 2 fE

SA, O EiE, RICHKBEIEDFERE L HLT7ew b Lizbo, EBEME 0.

L HR e ﬂiﬂlzl MOPS—NaOH (pH 7.0), 21xM S
- da.
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€3 S-100bo Ca* #&ic k a3 2~<7 | s50r
U, @iF 1 mM Ca®* HETD 22 b, z L
(b)id 280 nm > 262 nm ) L HE 2 & i B ol , ,
Ca™ o L7m w b L7 oy, EB% 5 A 3
#:0.00M MOPS—NaOH (pH 7.0), P
184M S-100b. a

4 S-100a o & 56 FE o) i Bk Ca®™" i B (K
TEME, (a)ix 0.1 M Tris—HCI (pH 7.0), (b)
{20.1M Tris—HCI (pH 83)T?hEI%E T
b o, #EhIL 355 nm OENEETH D, H
BT 1.8 oM,

3) S-100a, S-100b o & RsRE D Ca* JREKRTFME !

412 S-100a (R <7F F a ) o} )7+ 7 7 > O&NEEE DGR Ca® iR 2T,
pH7.01cB0 2 20lHR2RL 20X 4 @) TH A, BIE L Ca*t BENRBEN THILEEICTR
AETIBIER SN v, b TF»ic pCa 545 pCa (4.3—4.0) &L, Ca* BENEINCfE-> T
W AE 2R T A, WM TE L -2, pHE.31oBT 5 5-100a m #5541 » Ca® i K
Ix, pH7.0 (R4() Xi3E -1, Ca? igEngn s o 8simpEidtEk L. pCa st 2niE
izt~ pCa 3 ) & X D aFigIER, 30% b KE v, Zofli# L ) S-100a @ pK, 3.8 #5172,
pCa 3 LI ETId, HNGEEREAL, MV 252562 0b3, ZZ Edhb, EAF P RED
7'a b i S e EE R e B TS Bb LS,

(50)



S-100 o Ca** ¥4 51

B 2.2 uM,

A m N T T v .
£ 70— . . £70

J::;j 3

= £

o [ -

= . 3

— ™ e - “
2 60t | 90

g . S S

g 2~ p=

3 50 S

i | ! .

520 5 2

@ T b

g O I [l A g O N N 3

3 5 4 3 E 5 4 3

w Pca s Pc

a

§ul
= v T T

3
L @
550} /,3_"\._?_

= o ©

@ ® ®

QL

=
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@ A, (@)ix 0.1 M Tris—HCI (pH 7.0), (b)
g A {2 0.1 M Tris—HC! (pH 8.3), (¢)iz 0.01
9 0 M Na, P, O, (pH 9.2) ToHOWlETH 2.
@ - . - #EdhiE 345 nm DB NIEETH B, EAR
5 5 4 3

=

L

S5-100b F- v 3+ > R I HHsh bRk Ca®t iR SR £ <7 ps, K5(), (b), (c)(pH Iz
&2, 7.0, 8.3, 9.2) TH 24, pHT.01251F 5 S-100a D34 L FHIC TR LTEA EE{LH
HHENLr o7z, FrHC pH 9.2 DBE T, Ca fav BRI TR 2 L5 IR 2 225, Zibihais
S, INEWLPICT B20000F, PG Ca¥' A BB LY ERN L ERFVLETH L. X4
EX 5 DESREDEER L L, S5-100a & S-100b & TIHMEHIch A ) DEOH DL T EHFTIN
A

% %
S-100 EE i3RIz RN E T 21t R, B0 -CIRIFHEEY SO HET 2 2 L HE ST

WHY, TOWRIBZTHATHS, RLECMPICERICHEET L2 ANLEY 2 ) > oierrZ i3 -
ENLTW2 20k 3NBTH S,
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S-100 ZEH A S-100a & S-100b DEBRAMTH 245057, FHTOHEEEZHL»ICTEI L
A F LLETH L, TNS & 7L 72 S-100 O & ¥65& 2 (K 1) =, 4 7 4 79 S-100a,
S-100b M &NFREZL (M3, 4)»56E2 5k, Ca¥ iy, BuRE LHWEen My
& B ATHEME D TS, Calissano? 513, WEhENE % Hvy, pH 8.3 1o BT Ca’ fiftEHAs 7 X107°
M& 1 X107 Mo _f@o Ca** #HEAMOFAEZHE L T3, Mani & 4 CD 27 F L JlED
5 S-100b T, 6 X10°M& 2 X10™* M il O fE#EE ik @is LY, S-100a {22 T b FEEkn#EE
2477 - T 5. ? Baudier & 2850 BFIEAEME L ), S-100a K S-100bic2wT 2 X107
M 72 72 —FEOIREEES & HE L T 225 MEEHOMETIZ 2 X10°ME W) HEEHETWS”,
ZOFNIEABREDENCEE LD EEFEZIC(w, Wik bEZAST P LRIEORER (K2,
3) T HEEEKROHIE, Baudier b N ENNECHRLMBEE BT 25 TH L, 10° MO —
F—DEREEAIE, A7 PVETERHB LIS WEEB L 2D0BRTH S,

S-100 j= 3kt U« Ca*t gk &% F BAEAMIcE L THTo#s»H 5, Calissano 42 %> Perumal
5L, 14F40, 100 Ca? 84T A2 E2HEL TWwa, Lo L, Kretsinger' 599
EF > FiEEIc L 2L, atis BEMIcE 1Em Ca* a4 L, S-100—4-T 4 ) 2 EoEEH
FILDPHEELEWYEF > FREICEINTWDL LY I vEKREr T 237 X BRIk
2, adl, BEZ6THE, EF > FiEEIIBWANEMEFITW2E0 5, 2L Lo Ca*
RIEATE B0H LM, S-100a Tit, His B 7o » v i EaiEic iEe T2 &
AREA N, (K4®) EHRARUES7TT Fo Ca* AL Z L5 RORETH 5.
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