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Summary . A simple procedure for the determination of the dead time of the stopped
-flow spectrophotometer was developed using the reducing reaction of 2, 6-dichloro-
phenolindophenol (DCIP) by L-ascorbic acid. The use of this simple irreversible reaction
system made it possible to measure the dead time by a simple graphical analysis. Two
other methods reported previously were also employed for the measurement. The values
determined by the present method were in good agreement with those by the previous
methods. Since the isolated hemoglobin chains as well as myoglobin exhibit no cooper-
ativity in the O, equilibria, their reactions with O, are expected to be described by a single
-step reaction mode. The kinetics of the reaction with O, of freshly prepared myoglobin
from chicken gizzard and isolated chains from human adult hemoglobin («* and 5*) were
studied with the stopped-flow method. The rate constants of O, association and dissocia-
tion were determined and the O, affinity, expressed as the O, pressure at half-saturation
(Pso), was calculated therefrom. The values of P, calculated from the rate constants agree
well with those obtained directly from the O, equilibrium measurements. I conclude that
the reaction with O, of myoglobin and isolated hemoglobin chains is a single-step reaction.

Index Terms

dead time, stopped-flow spectrophotometer, myoglobin, isolated hemoglobin chains,
kinetics
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¥2, 75 v~ a7 % b ) ¥ A (flash photolysis) #¥ 7 &
BBRIFHENDEL 8D, BT ALy T 7r—3
RSB JoMEE T, HEARE SR — R R
FISHEETH S, TORBILEE T, 2 20RIGER
BREZBEN, 7 A CTEECBRH L TBATSC Lic X
hROSEBIBL, TORGEEY RICE LYl & CHE
BECRE, EHETHIDOTHS. LEZOHE, BE
ENRLBRBENESEAr LBl VICESL T TOM
(RIEFERE dead time) IEEfT L RIGIBBEI S higw &
WO IR B B R (t) REBIC X - TR, %
TR LB O\WTh, Bl v ONBECREEC X
> TRDDT, ERICHERTHERED taz EREICFHI
THZ L, RSN THERCELDTERETHS.
A by 77 —EED tHAEECOWTL, ThET
EAN DD EN D B4, FT, Brissette 51013,
Mg?* & 8-hydroxyquinoline ® ¥ v — + £ R Kt % H
Wity DTIEE R HE LT\ 52, & 0 RIGEAMRIG
Th oI, MEBROMPTHACOEM L o b HTHN
BB, £ZT, SE, FTANVRGE LT, BEfaR
RIGTHBHL-7Aa v v X % 2, 6-dichloro-
phenolindophenol (DCIP) DB TR EEAVS Z &1 X
Y, Brissette HDHEODBFELEYE - 7.

Mb BEBEEED~NLTAEL T, 145FD 0,~CO &
AHRNCAE ST 5. O, PR 1 XE AR (rectangu-
lar hyperbola) & 7c b, Hb &L b 5 E M
(cooperativity) iZ 7\ >. Mb & O, DA F# X B il 72
—BBORIER TR Ih, FHEERK L, FBEEEERK
LIFEERE RO E LTE 2 bh%. Hb, Mb @ O, #
FEIRE, 50 BEFIRED O, 7 (Pso) TERH T, #
2 7o Mb 06, MRS E R YT
5. 2T, RERERCTEEEHIELRNE h
b Py H3RD BN, FEHERTEEB OIS Py &—
HTHZ LRI ND. BEAETIZRWD, BEELL
Hb BEBLERD # AR Y # v F & DfEA RSB L TixRE
BB 2R L BEIh TV B,

Mb 35 & O Hb BEgD v v P& B3 2 EH
BRI E TR ME Sh TV 5032719, HEFERK
BOFELFEER &, FHEER CEERDIFHEE
BOBIZEXERAEVEVEZ LIRS, ZORVEND
FRE LT, EEREORIGEEI L TRI I RKISR
Ly dEMRD 0T, o TFoBGBRERCRC-C, BT
LREZFHa V73 2= a VELPET 51Tk
ey, EDOFEZBPREIhTN5129, Lal, Z2hb
DEBRTREEL LT, WO MbBER(BITHEH) R
Wity L B Mb 22BNz FRECHEIRLTHS
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EhbAT, MbEGOBZERO—¥2RDBH LY
TRETHS.

ZZTHE, =V ) BDEFEG» O, Ml
BriE7s Mb 38 X OV Hb Ala,B) 0 S BABE L 7o B 7 o
BLOLMEIZOWNT, Ay b 7r—kick b 05
ARIGOEERIBE LTV, EEERID Py R
fekZh, FHERCTHERDI Popd I—FKT5HC
PRSI

Hi b LUEBRFE

1) Abv 7+ 7e—5FREHD t,OHE

D Abv7br7r—3EEDL,

Fig. 11k, Aty 7 b7 e - L RRRERH OB
BEBERTR LD TH S, Jl4 DY —~ — (B
DI AT 2 BEORBBEK A, BERED N,» A
(BRBJE © 5~ 8 kg/cmD L X W AR I Fv v 7«5
=V A-NTRAL, RIGxHEIEesM 2. fhz
ZEEL e, Bl rmO 8 CETT A RIBY
BHE (e ofhoEE) OREFELE L TR, &ET

Pneumatic
Pressure

L s
Fig. 1. Schematic representation of the stopped-flow
apparatus and its dead time (to). Two solu-
tions of reactants (A and B) are rapidly
mixed in the mixing chamber (M) and the
reaction is followed in the observation cell
(0). Aops and Ay denote the actually obser-
ved and total potential absorbance changes,
respectively. See text for details.
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b, ZCCRIEERDBDNt,THSB. ARBWK A, BA
M ETRAIh S LARCKIGIRE 525, BEKLIE
B2 1 (0 BT 5 ¥ COMCBECRIIER LT
h, ZOECET LGB REIT S Z 3 TE .
BEHERIEAEAM 2 HEM (0 fIET 50
T 5 RS R & TR & R O, t & T, SERIc R
EhBOR tUBEORIE A THB. \WE, HEEK
Kapp D—RIG & RS ta DB CHAIT 5B 5 %5
%25, FEBRCBR I 5BIEEEE Ags, KIGIZLD
EFTRELWHEZEEY AT 5 &, —XKRIGKET
BEEER D DR DOBIRAEL b 370, .

Kapp * ta=2.30310g (Asor,” Aons) (1)
THBBH LML 5T, tadVNEWEE, ERIGED 5
HEBIZEI I D KIGEDEIS Acws/ AP KE L,
Lichio T, REFFHZ TE BRI BT L0%E
D¥REDH B DTS Z LT b.

2)  tqDREIE

L-7xzareviBick 52, 6 —dichlorophenolihdo-
phenolDICP) DB TR IGEHAWT, Aby 7 7mr—
SICHEEET RA-401(= =4 vEPD O to2JE L7, 0.1
mM © DCIP B # T « DK (2.5-20mM)D L-7 A
IV EVBEBEKESECESL, DCIP BT ERTE
DEFEEIMET 5BES, 524 nm 1T 5 EHKE THE
L. BEEORBEAIER LIz v Ea —%
(SORD SYSTEM-TDIZAN, iR S5 LA 7
vViEFYrAa—T(2=F VEHF RA-453) I L H
U7, BERE X-Y v a2 — & (= = # v HEifff RA-452) 128
. L-7Aa2 1 EVEROEE L DCIP © 20 f£=
WBEDEE L, RIGEE—RKIGE LTI Ho .
BECER LIcavEa—2i2lh, KIGHESH—
REEER ZRDT. WELD I > TEHEE 10 mm
FXO2 mm OB B, EREIEIRES L N,
AV X(ERFEL  zero-A)IR X b 5~ 8 kg em?E L
7o, EEME»HERKEERSE, Bl rBoREY
25CIfkot. DCIP 3 EFHED T £ ) —VIZHMEL
e, BiAAvAKEMLTO.ImMERKE Lic. ¥l
-7 A2V VIRICRIER % In 2 < DCIP B L BA#
DpH 232.0127c5 X 5 pH %58 L. RBPBEW TN
FTERBROBERNICH L AR L Jo.

(2) Mb %X O'Hb A BEEEED TR

Mb ¥z =7 + ) HEFEH D, BEME-7 VIR
#(Sephadex G-75)-7 m=t 7 3 —H AL L h B
B, ML, ERSMb DE V. Hb A DRERREE(a?
& A D BB, B2 ¥ T p - chloromercuribenzoate
(PCMB) % fA\~ % Bucci-Fronticelli ¥z X v, 7

- £

B-ANHTh=g ) = ABIOFrAER7 » =
(Sephadex G-10)1z X » B E#EgE 7 5 PCMB # %= L
7219, Bk Mb, o, BrOME RSy LVESKEBT LD,
Hb A BB 2 5 D PCMB B3 13 Boyer #2012 X %
SHEEI X ) ThZhiER L. BT CO ks
T, kEH(4C)TTo7.

(3) Mb 3 X 0 Hb HEEG D O, & ~ R HER EE 0 J
E

BRERERIFROR b v 7 b 7 v —5IKEF RA
-401 ZERALTT o =7 F VIDEEMb I © OfRBER
IR E KR E 10 mm OBl L 2V, fho & b
vy 7+ 7 e —FERTEEEE 2 mm OB 2
. BREJEIX 7 kg/‘cm?& L. t3XEKE 2 mm, 10
mm®DEE, ThFh 0.9msec, 1.9msec TH o7z, Hl
IS, CO B TRGHRA S M-3R, XKEW
THHBRH T IO, BEL, +*FvHEHRLI.

0, ARG, Mb, o* 88, B8R T+ o MOBK
* O, (B0~140 M) & BEICEA L, ¥ 430nm
CRWTEAILZ. FRRO T+ F o BB ITRD X 5
WU CER L. N, (BERKEL  zero-A)TRIFIL 72
0.1 M BEERAEETIR & 45 X ¥ 7= Sephadex G-25 # 5 &
0.9x25cm)IZ ~ & B 7 h #9510 % = 28 & © dith-
ionite ¥ % 0.5 ml N L, AR O A F o TP
WHREIN, N, TR LB R TRl Le. BHLER
BRI, BROBE— 7 AFEER K L b & brmE
OIS & No W 2R DBI—F X RIEL, 74 F 2 {LD5E
LT Z LR R HER Lok, BREEMmT 5
E7e  PIEE AV AEEA L. O, B OIS B e T
1%, 225 & T U R e N PR ER CEEAR L
7o, BF O, BT, KBEWITKT5 O, OWMERBC b
LEH L.

O, G, # * > B oK % 12 mM dith-
ionite K & B0EEA L, BE 415 nm THAIL .

AEHA OEE X =7 b ) I Mb T 10 L MBEA
%8, a* EB IV BMET2~3 uMEBAH) & Lic. &
B X0.1M YV vEREEK (PH 7.0), 20C D&M T -
7o,

& R

(1) A by 77 e —GHKERH ORI O RE
L-7 2 24 € V@) & DCIP DD KIGIERD X 51
EKbihb.

k
A+D—->A'+D ()

L, k REREEER, A, DEIRISERDERT.
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DCIP iclt, L-7 % 2 v € vBAKBREICEET 3 &
& ([AD[DD), R E—REGE LTl HS & &nt
TE, RNTO—REETEH Kapplk L-7 A 2 L E VD
BE [A] wipid 5.

Kapp =k[A] (3)
ke [A] R LTF Ry 5 & Fig.2a tRT X 5
CERAEON, TOAMEE L TIOREER k 23K
bhd, BXEFCCTOREEEET &

logAoss = — (kte,”2.303) [A] +logAo (4)
8%, L-7 Az € vERe DCIP o KGR icmT
X S AT HR G 2D T, At DCIP DEEICX T
DHRPES, oF b, DCIP DEE»—EFIHE2OED,

[A]ZE 2 TH Al3—ETHBH. Lcd-T, WX
D, logAgs% [A]l TRLTTmy P THIZERIED

600
(a)
400t
‘a
. T
o
4
200}
L Kapp = k [AT
k=4.78(20.06)x 104 M™'s™!
1 1. 1 1 1

0 2 4 6 8 10 I2
CAT (mM)

_0'4_slope=—37.3-_l-_O.GM_'=-k-fd/2.303
™\ k=4.78(£0.06)x10%* M's ™!
L ’rd=l.810.lms

M Q\\\b

-0gl (b) o
1
0 2 4 6 8 10 12
[AT (mM)
Fig. 2. Reducing reaction of 0.1 mM 2, 6-dichloro-
phenolindophenol (DCIP) by ascorbic acid
(A). Plots of kapp (a) and log Aops (b) against
[A] . Experiments were carried out at pH 2.
0 and 25°C. Driving pressure : 7 kg/cm?, Opti-
cal path length . 10 mm.
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h, ZoHE—(kt,2.303) & Fig.2anbBbhick
DEDS taZRDBZ LN TE S, Fig.2b 12 logAews &

[A] DBARERT. HEE 10 mm OHM L v %
L, BREJFE 7 kg, cn®D & D tqid 1.8 msec L EH &
Ric. Ebic, BEES X OHEHx L OXBELE 2T
ty BT L. £ORERE%Y Table 1 iR, BREIEMNK X
, Bl roXBENEIEE, RRERITEL 5.
YBE 2 mm OB AL RER L, BREE 7 kgcm,®
X t020.9ms FCEMT S LN TEL.

ERD logAgesvs. [A]l 7y FiEhn%, #EFEHBHRE
ERTVWABLUTD 200 FER LS tllERRART. 1D
FUGHIER D DA Kapp,  Acss & BIREHHI T I 2> HA 72
A AW T, R X D ta=.303 Kapp)log(Asor”
Apd & LTtk E LI, 2) [A]l B2t ¥DOK
IR O—X TG T = v b & t= 0 LATcstET 5 & —
BTRZEL, THXRKGHRRACHEY TS, 0% 8

log(A—Ay)
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Fig. 3. First-order plots of reduction of DCIP at
various concentrations of ascorbic acid. The
concentrations employed were . (a) 2.5 mM,
® 5mM, and (c) 10mM. (A;—A.) repre-
sent the difference between the absorbance at
time t and the final one. All experiments were
carried out at pH 2.0 and 25°C. Driving pres-
sure : 5 kg/cm? Optical path length : 10 mm.
See text for explanations.
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L BPBA A A (E= 0) o Ky Il R 21 taie ¥4 7 %59 (Fig.
3).

AERIL TR logAeesvs. [A] 7 v v FEER L O LR
D 2 DDHETRE Lic taDfE% Table 1 ic—3E, Hig
Liz. ZEORIICIL L W—F2 R b i,

(2) Mb % X Ot Hb #HgH O, #5& OEEH

SEIDEB TR =7 b ) BTG A LS L
Mb 1L, ¥ VESHKE LHE TR L Z bRl
(Fig.4). %7z, Hb A 55 Bucci-Fronticelli #'9C¢4-
B, B Hg™ L7 o8l BAEETOSH 214 5% —1%, £h
%3 1.15SH /chain, 1.89 SH,/chain &7th, ZIF5

Table 1. Values of the dead time at various
pneumatic pressures determined by
different methods

Pneumatic Dead time (ms)
Pressure
(kg/cm?) a b c
5 2.3%+0.1 2.3 2.3%£0.2
6 1.9£0.1 2.3 2.0+0.2
7 1.84+0.1 1.7 1.9%0.2
0.9£0.1*
8 1.7+0.1 1.8 1.8+0.1

a ; a plot of log Agss vs. [A]

b ; extrapolation of first-order plots

c, (2‘303/kﬁpp> log (Atot/Aobs)

* ; Optical path length : 2 mm. The other measure-
ments with the path length of 10 mm.

G

(@ )] © @
Fig. 4. Starch gel electrophoresis of chicken myog-

lobin. Main myoglobin component (Mb I)
from the skeletal muscle (b) and gizzard (c).
The raw myoglobin preparations from the
skeletal muscle (a) and gizzard (d) are also
shown. Tris-EDTA-Borate buffer system
(pH 8.6) and Amido Black 10B stain were
used.

- £

L Hg w5 2 EBER I M.

Fig.51k, 4EA Ly b7 e —kic X v BEI L=
7 UVEHE Mb Licksids O, — &7 b e —fREER
IR DL H T

Mb X O'Hb B & O, DRIGIEXRD X 5 kb
Ihs.

’

Fe+0, ?FeOz K=k'/k (5)

TG, K, kR eh T hiE AR X OREEREER, K i
EETHER, Fe 3&~s2BETHS. T4+ HOR
P E O, B REA Lick EoRIGOEERI,

—d[Fe] /dt=k’[Fe][0,] —k[FeO,] (6)
L, Fe @l T O, WAXAFDOHE, B—XNHE
LTH|O ZENTES. Fh, k KERTKIETHKE
<, [0 d+oAkEV0T, k [FeO,] 0EITEE &
foex, R

—dIn[Fe],/dt=Kepp=k’[0,] @
LETS, —XKFKIT R v b DRSS BRNTO—IHE
EER kw2 B bR, 2hé [0,] b kERDB &
NTE%.Fig.6aly, =7 + YWEMbI & 0,(70 £M)

JVO.Z aA
A

50ms

Fig. 5. Reaction traces of O, association (upper) to
and O, dissociation (lower) from chicken
gizzard myglobin I (main component). O,
association : [Mb]13uM,[0,] 70M, observed
at 430 nm. O, dissociation : [MbO,] 11xM,

[Na,S,0,] 6 mM, observed at 415 nm. Both
experiments were made in 0.1 M phosphate
(pH 7.0), at 20°C.
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EDREERIGO—XFIGET 7y F TH 5. RIHDOWIHIET
DX taD I DBRTE Iedr o ey, BEEREZRDBD
5 e B ELE I T % (Fig. 5), (NRoHFE—X
RIEEERCH - L BIFERO—XKIE 7 7 v + 28D

1.0 (a)
< o5k
el
(0]
N
T o2k
£
(e}
z k= 18x10°M"'s™
O.l
1 1 ] 1 |
0 0.8 1.6
Time (ms)
|.OF
< 0.5+
<
el
(0]
N
(o] |
go2
P
(o]
zZ
0.1f
1 1 1
0 40 80 120
Time (ms)

Fig. 6. First-order plots of O, association (a) to and
0O, dissociation (b) from chicken gizzard
myoglobin I. Experimental conditions are the
same as in Fig. 5.
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hic. COREDB Kapp KD, [0,]1=70 kM 235, O,
HEEEER k=18x 10°M1s™! 238 btz

F % o FISVRIATK % dithionite BIK L RET B &,
WD UEE O, 1 dithionite 12 X » TS BREZT S
DT, fREEITIENO B ORI FIG

k
FeO, - Fe+(0,) _ (8)

Ligh, —RRIGDEER

—dIn[FeO,] /dt=k (9)
TELENS., Lo T, —XKEGET =y b ERE,
FORENS kXKD ONB., =7 b VPDEMDb [ 1o
T, MbO, (22 xM) % dithionite(12 mM) & E& L7z
& &0 OMERIGD—KRKXIL 7 = v + % Fig. 6 b iK/iR
T ORCH > LERO—KKIET » v 238 bh, &
DAL S O, BHREEH I k=18s L EH S h.

DEnoXsweltEbhic=" b ) BEFEH Mb I
FIOat, fAEOERETER K, k Offi%x Table 2 ic—
HELT.

Mb B EET, BREERC2BHELIER 2 RV
T, O, BF: & Eb T Py (O, FEHMRIZRIT S50 %
BIFIRF D O, 2D I fREE PR HM L, BT HEE
B EAFEER K REW R ORI 5. Lich
5T, MEEHOLK/KELTPs, ¥EHTSZ LM
TE 5.

Psozl/K:k/k’(M) (10)
Pso, k /K13 E D ICREDORITLE $0. 525 Pyld 0,57
FE(mmHg) TEIHINBDT, Py DEHIZE WL TIE,
20CI &1 % O, D ¥ % E £ %0 0.03102 ml,/ml, 760
mmHg?Y %\ 1 mmHg=1.82 yM & L CTH#E L.
=7 b VI Mb L2, HEEH M SEHE L Py
DfEE, FEHT O, FFRBR THER DI Py OfE1L
FRFENFH0.54 mmHg & 0.50 mmHg & Bifis—%%
%R L7c(Table 2). (7, HEEE»HLRD Pyp=
0.54 mmHg B\ EHEIC X o THEz O, Fhaihii g, &£

Table 2. The kinetic constants and Ps, calculated therefrom as compared with P;, deter-
mined by oxygen equilibria. Chicken myoglobin and isolated subunits of Hb A

Kinetic Equilibria
k’ Pso Pso
(x1076+M~1es™1) (s (mmHg) (mmHg)
Chicken Gizzard 18+1.3(6) 18 +0.4(6)  0.54%0.04C10)  0.50%0.01 (9)7
Myoglobin I*
at 38+5 (6) 19.3+1.5(6) 0.280.04(10) 0.33%0.01 (71>
Vi 42+4 (6) 12.340.4(6) 0.16%0.01C10) 0.1640.01(11)%2

% ; the main component. 0.1 M potassium phosphate (pH 7.0), 20°C. Figures in parentheses are no.

of determinations.
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1.0
A
Y °
0.5+
I |
(0] 1,0 2.0

Po, (mmHg)

Fig. 7. O, equilibrium curve for chicken gizzard
myoglobin (Mb I) calculated from kinetically
determined Ps, as compared with the equilib-
rium data actually obtained. The curve was
drawn using the Ps, value of 0.54 mmHg.
Equilibrium experiments : 0.1 M Tris-HCI—
0 M CI-(O), —0.5 M Cl- (@), pH 7.5 and 0.
1 M potassium phosphate, pH 7.6 (A), 20°C,

[Mb] 1.7X10~¢ M.

BRI AR - O, P T — £ LT %5 LB R E VI X
< —3 L (Fig. 7). ’

Mb & 3R h Hb A BEEE o, B 13, BEERET
BEATIRE TR ERERK~ 2 BIKO THERES X
VA EGELTHEET A EBNMBATHAY, Ll
i, FARY FVFEORIGEIL T, BRER
ZTOMDOT v AT Y v 7EEEE LR E s L, Mb
ERBERER Y LA ENFEIR TR, Lichis
T, LEE Mb OB4 & & BRI, BEER D Py &
W35z emnTE5. Table 20:6H b2k 51T, ab
GHIZ O\ TITIREYE T 0.28 mmHg, P T0.33
mmHg, A*EIC2o\WTix0.16 mmHg & 0.16 mmHg??
EMEETHETRE—FIEbhi. ¥, pHICD
WOREER DB EIC X h#iEE L7 O, gk i
¥, PR DEBRCELHERE X —H L = (Fig.
8).

Z =

(WAL v 7+ 7 = —REOTERE O RE
BRI Y SR A L CRIGRBIIA L, £ ORFRRE

0 0.2 0.4

Po, (mmHg)

Fig. 8. O, equilibrium curve for the isolated subunit
£* of hemoglobin A (a*A,*) calculated from
kinetically determined P, as compared with
the equilibrium data actually determined.
The curve was drawn using the P, value of
0.16 mmHg. Equilibrium experiments : 0.05
M Bis-tris—0 M CI~ (@), —0.4 M CI- (O),
and —0.7 M CI~ (A), pH 7.3, 20°C, [Hb] 1.7X
10~*M.

0.6

BEEWHTHAL v 7+ 7w -, BERRGOEER
HIBF R I\ TR TR B 7etigiis ¢, IRWS5 el
WHRTWA, Lk, FEOHTOBERL 5, BE
X o CRIGHREBIRT 5709, BETE 5 REE IR
Rt WO TEHORHIIC X » Tl S hs, )R
NHHELMIR X ST, ta MW E, ZOMILKbI AR
GBI RBDT, tITEBRVELTHE &R
BEE L.

REE R E < T Aoy, BEELY L Ciids
BT 5, Bl rOXBEZE L LOREORE YR
PNELTHEFEL VD, BRBERRTESR L WbY S ¥
5 — < a ¥ (cavitation) 23 U CIRARERMET L1
D, BRICEEL T/, 1 XA T 5EDOTERENET 5.
¥, XBENENTE S LERBERNBLECS
LEME ST, WBOEHIELEAEROETEZEL.
BWHEOHRERE CIXEKE 2 mm, BRBE 7~ 8 kg/
cm? BRFATH B, SEFHLICA Ny 7 7r—4K
JEEEHTOWTE, R 2 mm OB, ERBIFE 7
kg/cm? D& ¥, t030.9ms THwo e,

taDPEFE I DONTIE, ThETRWLS O REI R
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T \» 54719 Brissette 590 Mg?* & 8 - hydroxy-
quinoline ® F v — M &ERKIE T A Wi tAIEE 1R, (@)
REMRDE 2 H L 5HETH B, THERIGTHS
7o Mg DBEEICKE L T AL L, logAms%

[Mg**] LT ry b Licd SEHIELR .
T, BT ey b RELDIRIZARY & B IEHR
L hnidis b isvs, log(Ags Awd) % [Mg?+] iext L
T7ry PTRITERZE LR, ZOHFEHSD taZRD
HLENTEDD, ZOBE Ak IIRICHZEL 2th
WFiebin, TOEYEEL, §E, L-7TAzar v
Iz X % DCIP B IGK It % i\~ C Brissette b D 0D
HEHRN 7. L-7 &2 A EVERE DCIP O RKIEIEART
WMRIGTH B 05, DCIP 0RE LY —TEITHhIET 2 =
NVEVERORE [A] L 13EBRIE A l3i—ETHB. %
ZTWRDD, loghAes® [A] BRLTF mry b T 5 &
BERAELNS. FOHEND ta3RD S A DHEIE
BARETHD. i, L-7Rar v vig, DCIP 3B 5
AFTE, BB BERIR BT, taDREE L
LT, XOERMTHDEVLS.

HEPHHFEEIR TV B D BIEE~-t,=(2.303/
Kapp)10g (Avor Aops) & U TEHET 251k &9, — R
7 ry b DIHEDLHRD B FHE-IC LD taBRD, &
EIR 7z log Agps vS. [A] 7 v FETRD A tq & il
T5E, ChALDMEIREWCIS—HL, KEOHFEME
PR Ehic(Table 1).

(2) Mb, Hb A B0 O, H&EEw

Mb 3 & O Hb B3, 20 O, P s\ TR
P, Bohr B, 7 =4 VHRED KT b r vy 77250
EAFrbrEy 77 RATY v 7 BRERYRIP, (65)
KDL 57 1 BE 2 - FRIGTRIGERTBT 5 & &23C
5. CDLX, EATEERK SEEEH K, k1ZK=
K/k CBIRST bbb, ~EF/REY, 34A7/vE VD
O, BIFNME E—Miz, 50 %BEIFRIRED 0,5 FE(Ps,) THR> T
2%, Mb 3 X O Hb Bpgs cl~ 2 EEB A w0
T, R 1EOFEHER CRIGETET S MR TE,
%D Py REEFEER (T isb bt & FEER DM
CHY%T 5. Lichi- T, BEEHR»S kK& LTHE
L7z Poo PRI 2 EBRCEER D Py & —FKT %
LRI NS,

4@, Hb A © o g4, g8, =7 + YV ETEH D Mb
FHAMb Dic oW TEEEE D SFHE L Py &7
BRI R DI Py 11 X < —F L 7= (Figs. 7 & 8, Table
2). Mb, Hb g 3115 O, &4 DEEHRIBTIT I
DWTIE, Abhy T rom—¥k 75vravx bl
A¥, BEY+ v 7ESRI ) ZhETRIBEIRT

(339)

W B A, HERER AL E L PEER(=K k)
EPERICEERD - PEER K Tllhi h OfE
BHbhb, Tihbb, BEBYO—BETHET A7
> (Aplysia) Mb®Biz o\ T, SRER & PR ORI
EWE—HLTWAR, v=Mb> ¥, <vavros
Mb¥ TRk’ k 2 bRDIAEN K O# 1.5 D EL R
LTW5. a*fl, gAMEY- 19 oWTh, k/kEIXKE
HASN, 1B RLI02~3EDEER-TWS. &
B & PRI X AREROMEC oW, RUSHEI%
DFEFERa Y 7+ A~ a VEMLie & & OBERHRERS
NTIE BB T & B & kv 27, i
FIREL R E T\ B TH L. 72 Brunori Hic
I BBED » v FEOFERITD, Mb, Hb e - 0, D
Wa R —BE 5 FRIGT, Thilito—4F8
BIIFLELEWI ERXRLTWAS, SHEORL »y 7 b7
r—JIEOEFICEIT B D, o 88, A KL =7
VDEEMD 1T, HEEEHLEH Ui Py & FERN
CEERD I Pl I {—HKLTED, Thb~aki
L EAARY FVF EORIGEEM—BRE_5 TR
IGTHDERERTHENTE S, EROBEREF BT
BA—HOFERRIARHTH 52, MbizBIL T 23R
ML RER I AEL k) SLmRaE L0 %
FHEALTWHZ LR, T Ldb—D20HEHALLT
BIFbhns. SEOEREE, TG HHE, Wkl
native FHER YA TELRLLDTHS. T,
Hb BEEc DT OBER TOR—FIE, B2 5 Ml
b0 PCMB REARFEEN L DRRO—F & 7T %
DEBbhs. SEOPIEICIETIE, SHIEELLD
Hg 231852 (95~115 IR EIh T W5 & L #HE
AU 2R Rt Ui,

i

A by 7 b7 e - EERNEREE O BB RAEE R ER
Lz, ¥f2, Abv 7 bh7mr—3kicXb, VIV IES
TR THRAMRELRIRIF SR EVE IO
TSR EVEH o8 58O O, AR LEERIE
R BE L e,

(1) BN a¥RIGcHds, L-7RAar e vVBIC
%5 DCIP BTG E WA Z L X b, Brissette HiZ
I A RRERHOBEE O HE, L EFELb oL Ui
RERDPBLME SN TV BMOBEL E OB L h, &
BoB AR .

2 =V IFrIGBETFEHHOERE LI A ey,
Hb A 2L EBEL - oK, S EOFHER LAV, &
HHNLIAEL D O, 1BHE R & O EEER % A b

B



(340) "N

y 7 7m R )RDI. EEEE,LLEH LK.

Pso & O, X W EERD I PoplZ X < —FKL, 2hb~
A7 AR &£ O, DRARIGE, HEifilc—BE-5TFX
STHHZ EEHER L.

Baikzsedicy, HiEE, #AREWEEELL
B BREFCFEEOWPELELET. i, Kb, @
28, HEE VW EE L REH LML
k-3

AL OEE I, 5 78 MBS EE S (1990 4 2
B, T#D), £ 80 B MAEMEHEES (1991 4 2 B, Fiak
DB NTHRE L.
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