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The effect of magnesium ions on the succinic respiration by rat heart mitochondria
Takasaka-Hiroko *

The effect of magnesium ions on the succinic respiration by rat heart mitochondria
has been studied using polarographic and fluorometric procedures.

In the absence of magnesium ions, on addition of small amount of ADP to the sucrose—
tris-phosphate reaction media, containing 5 mM succinate as substrate, heart mitochondria
gave cyclic responses of state 4-3-4 transition repeatedly, indicating the ADP respiratory
control or the acceptor control, both in polarographic and fluorometric traces. But in the
presence of increasing amount of magnesium ions, the acceptor control was gradually
lowerde and finally at the concentration of 0.5 mM MgCl, disappeared the transition from
state 3 to state 4 in polarographic trace. That the restitution of state 4 ensuing the state 3
is not complete in the presence of magnesium ions is demonstrated by a shift of PN
oxidation reduction level of state 4 to a more oxidized level, close to state 3. Combined
addition of ATP or AMP with Mg ions also induced an oxidative shift of PN fluorometric
level and acceleration of state 4 respiration, but their separate addition did not.

From above results, it may be concluded that AN, irrespective of its sort, internally
generated or externally supplied, give rise to a definite amount of the phosphate acceptor
ADP in the presence of magnesium ions by way of phosphate turnover mechanism, and
a newly established steady level of ADP accelerates the respiration rate and shifts the PN
oxidation reduction level in state 4, and results the loss of respiratory control.

In the case of oligomycin (11 #g/ml) inhibited mitochondria, addition of ADP and/or Mg
ions did not lead to any significant change in state 4 fluorescence trace, but on addition of small
amount of Ca ions (20 #M), cyclic responses of state 4-3-4 transition were observed repeatedly.

These findindings indicate that the site of action of magnesium ions may be localized
in terminal phosphorylation step and phosphate turnover mechanism, whereas that of

calcium ions in the energy transfer step of oxidative phosphorylation system.
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AF VIR BIRIFCEL VDO THEZ L EHDL
M Uiz, i EEY I RREBIcR T 28
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HBIC X DO 2 TR U TR TR, 2
CrERVFYTORESL, H2oI v RYT

#HEETIBF1d 5D T, proteinase &

Z)jj?f” By, HEREDD 20 LLIELT

WO BRI L7z, FRIFEETE & 03 IR R

Tris-phosphate buffer ® b iz Tris-acetate

buffer Z vz Licdh 5.

1. I paAVYFYT7REICBOSZER

a. H1RK
0.21 M Sucrose
0.02 M Tris-acetate buffer
0.1 mM EDTA

b. 2%k

0.23M Sucrose

(0.01 M Tris-acetate buffer)
0.1 mM EDTA

1 %O 2 Wk E RN pH 7.55-7.60
CHIET 3. AL () 2BRIOEALD D,
T oEsi LiFEERC Tris i ¢ pH 2 HET
BHEDH Y. '

c. 3 (3 b= F Y THRERZER

0.07 M Sucrose

Fig. 1.
Electron Microscopic Photograph of Rat Heart
Mitochondria, Prepared by the Method Discribed
in the Text,

Vv E ) 7O o g BRI FIET Mg A A v OB W T

0.23 M Mannit

0.03 M Tris-acetate buffer

AR pH 7.40-7.50 WHHIET 5.
2. I paAVNYTOERLNEE

H RO TR & FTHEE B I WiEE L IER 2 PR & L
% B U, IR T & B ER YD, K ES 1R
9mi/g of tissue FC TEETOMGEEIRITe. LA
TABERIEL TR OKRTICTIT .

Z iz Proteinase YK (B pE %) (104
PUN % 1ml OF2WCER LI L ») 04
ml /g of tissue & fiiZ T 20 min % D F ELH{RD.
1min loose iz homogenize L, FEiZ 20min
B 7%, lmin %32 [7& { homogenize ¥
5. ZhiCH 2WOSEAREML THR L 72
homogenate % DLF DR L4y BERIEICE L.

a, % 1E0LAHE (500xG 10 min)

=0 B ERICEL

b. #2508 (12,000xG 10 min)

FOWHEE S 2 WICEEREL TRICES

c. 3@ OHE (8,000xG 10 min)
ZOWERESWFWL, IhaVFYT
EAL LTHRT 5.

(BB EIXBEMIE =AM BARE F K 0%
2 REFHEERE-DBEROGRIZLD)

B. MEIgiAlE '

BRI RERE OB BBEEBMEIC L 5T
BIE Lc. JERIRFFEHNIND 0B% L AR
REM - VIC 100 A&BRYER, fafHR
BL LCEFEE —0.6-0.7volt I TN D
WFEEMRER Y, AIHEKIEMOBR LICED
RIE R ThER % % PR RaEGHC B THE)
4 L7, HEThERiE#Eh & impedance match-
ing ®&BTH Y, oHRFHL A ARBS R KK
Varicorder VR-200-50 mV T» 5.

C. 3 b3y FUY77A%E Pyridine Nucleo-
tide OBM{LBETRAEEBORME

Chance and Williams!®3ff(8iz Chance and
Hollunger!D 16V S (46ih) 1@ 1 L

I hz2 R Y 7HTE (in situ) @ Pyridine
nucleotides (AT PN L §&¥) ofLigTER IR
RO AR & 2750 % R340 my,
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YeHFHRE 450mp TRIE L. B 1K
B IO 2 K423 B I R AT AR T
Bsyedic, EBFEEN DN RICH
I B X SRR L S2IEEE & A L,

Gilford converter % #%C Honeywell SE#f
RIFESGHC BT, BIBRER L BT

& Uic, BURIZEE O SeRIN AR
A (B 10 mm) RIS TITbY, i
LR OB 2 oy sl o ki v
TEXENMEL LT, RISEETo I+
U R Y TREOETLR PN oz B
Briie.

REIRRIRE A & ik K &GSk L C BASHT
ThH Y, BRAERVZERETH Y,
—RELERDN, BEH eV ERRE T
EH DA, WETHE mm BRI
SRS OHEEL IR Y, IR X VIR
~OBEFEOILEIC X B2 ATHED THEM
THDHLEZLN, JRET 10mm D
& THEFAA LS LV I LT 5 4tk
ZHHLDERD LT 5. ,

B OB I D HEELE B M L THINER
BroBRAEZBHEIZITH mixer #JIIONERL T
Mo, ThEMBLE.

B UBFEEMIEIC X BMPRHIE &, PN 2%
& 53 b= R Y 7INTE PN ofbg ik ig
BB ORGE FRICTCERIEE FoBIRE S
RESE 2 COERTH 5.

D. zofh

1. REROMBE

0.25 M
0.02 M Tris-acetate buffer

5.5 mM K-phosphate buffer

FAAC pH 7.40-745 ITBIET 5. 72750
Pi (—) oix phosphate buffer #&<.

ZORJEHE 1.8ml w2 0lml I Fa R
TERERMTBEE, S a7 EER
50 mgEq/ml Hifgiz 125 kL 512, HMEEET
3. '

FE 100 mM =2~ 78R 0.1 ml (Feds 5 mM)
vz,

Sucrose

Fig. 2.

Traces show the succinic respiration by rat heart mito-
chondria under influence of various additions of adenine
nucleotides and of magnesium ions. Rat heart mitochon-
dria (H. M.) and other various additions were introduced
to the reaction media at the time indicated by arrows.
Numbers adjacent to the traces are respiration rates
in M O per second.

Reactoin medium ; pH 7.4, 0.25 M sucrose, 0.02 M Tris~
acetate, 5.5 mM phosphate. Substrate ; 5 mM succinate.
Mitochondria ; 100 mg equiv. per vessel. Temperature ;-
30°C.

2. Adenine Nucleotides Zoft

ATP HEfgEf 7 7% 2, ADP B X O
AMP ix Sigma Co Hf5, *oMEFIIHERD
RIRROMGERA CTH 2.

AEFRA DKL PiA & 2k E H T 2 HHEE
U, BEEREIRE 2 ORI (1.0 M) &4 4258
BBHEIC TA A v Lic b ob HFRL L7z,

oligomycin {3 Wisconsin k2% H. A. Lardy
HEPOES SN bOTH S,

I. = 8B m &

3y F U 7A7E Pyridine Nucleotidide o #

{L@TAEICRIZFT ADPRUMES v Of 8
1. Mg 1 F 2 2FMLELEE

HERED 2~ 7B% S0 KIS, K18 ADP
BRI L& ol ofiEr Fig. 2(1) 1255/
Liz. b2 FRY 7% stated iZh/zd Lz
B¢ 130 M ADP %2¥I0+5 &, 228k state 3
MENRIC 1T L (0.72—2.62 pM O,/sec) ADP--
Pi—ATP it X - T ADP »{¥E&ESh B L, M
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W state 4 SEEEICRE S (0.84 uM O,/sec). B
N ADP 23N 5 L RlER7s state 4-3-4 BB
EHBET. ZofBr PN otk i
¥ Lo Fig 3 o FRT, LRITHE L
R 2R L LR Lz, BEHR e Lc R
7z PN otk o Bhx, A O Wik
BT MR LM BT 2%, 2~ 7R
Nz % L ABCETAICEE T 5 (state 1-4
%), state4d 1ZH]- 2FTic ADP iR+ 5
L, PN #tsi@ibilic e B35 &
PP KT % (state 4-3 BFE). peak %
FEal U7 T ORGSR EE b RS b state 4
CKMEIIEIR Uiz (state 3-4 BRE). T DX 5 i

Respiration

5

Oxidation

ixcitation
wission

240 op
450 up

TFluorescence 0i Pyridine Nuclectide

Couposite iepresentution of Folurographic and ¥luorosetric

Traces of the Succinic Respiration of iat leart Mitochondria

Fig. 3.

Composite Representation of Polarographic and Fluo-
rometric Traces of the Succinic Respiration by Rat
Heart Mitochondria.

Lower figure shows the actual fluorometric changes
in oxidation-reduction state of pyridine nucleotides
of mitochondria in situ. Upper figure shows polaro-
graphic trace, slightly modified schematically for repre-
senting the corresponding respiration. Experimental
conditions are essentially same as Fig. 2.

(0 ©0)

El#%E (cyclic process) % ADP oihnic k -
TIEBERT 5 2 L3k,
2. Mg A AEFMLIEBE

BEREO a2~ 7BOFET SN ha2 o F
YT EMZ T stated 1whiEH L, T DR
0.5 mM MgCl, %Mz Cb, FPUREHE R OEE
BRI IS O BB & bR S e o7 (Fig. 2
(2) B* Fig. 4). = Z 28z 130 M ADP %
wWin+ % L, A state 3 IR (0.70-2.52 pM
O,/sec) 34k L& 545, #h ADP »HE S h
<, ZoOESIEDIC stated K OIRIRIC
EIRET, state3 J (N state 4 o (1.62
M Oy/sec) ICREL, © O T % KEEFIKE

Mw  Suc Ng AP A
.
o .
s
3 {
H
ot
i
I
D
x
o}
Oxidation

—_

Fluorescence of Fyridine Nuclectide

240 ma
450 np

Lycitation
Baigsion

Couyosite Representation of Polarogropalc and Fluorotetric
Truces of tne Succinic Respiration of Rab lleart iitochondriz
Fig. 4.

Composite Representation of Polarographic and Fluo-
rometric Traces of the Succinic Respiration in the
Presence of Magnesium Ions by Rat Heart Mitocho-
ndria. . ’
Lower figure ; actual fluorometric trace. Upper figure ;
polarographic trace, slightly modified as in Fig. 3.
Experimental conditions were essentially same as in
Fig. 3, but in the presence of 0.5 mM MgCl..
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(state 5 ) IH4T L7z, X PN &36#ipfiz ADP
DRI L ST stated 7KIED LRI ER
T 57 peak BB L% F0 £k stated K
HEICEREYE, L DRI R U Tciiie 7ok Y
CCEREREL M Lic. Z odRi&: Mg £ 4
VOTEET, Ao ADP ikt s &, M
Wd ) & PN # el §, state 4-3 EB 2B
23, state 3-4 B & AT & 15T, state
3R LIcHilc e ERIRBICH E D Z L &R L
T3, Mg A & DFFERERIFD state 4-3-4
EHi: ADP o AL X » THthT 5 ADP+
Pi—ATP oGS TETOLBEZTTLO
ThB. Mg A F v 3z OBEEMLEOE L il
BT rixELHE. b LAERKSKS ATP 2
B ADP i turnover XU AEEEKH Mg A 4
ko TIRIEE NS LHEIND.

Fiz ADP iR+ 5 &, BCELHNIER
LB AR U7 B HRRBIC AT LT s, WP BE
IFZE LW LR RO B AP O

3. Mg A voENEICLdRit

Fig. 5 (1), (2) iesRd il 123 pM ADP# iR
ML T state4-3-4 BHEEET L, PN 6K
#EN state 4 (IR Lok, MgCl, #3345
L bl ~ DK ERT) 2 B 2 1. KEBTOR
B 0.5 mM MgCl, o345 0.05 mM MgCl,

BAELDLRE.

0.5 mM MgCl, o3& Mg A A L ikinot
ADP & FHIRMNT 5 & #NAREOBM~ D2
RN B a M, 0.05mM MgCl, DA
1 PN #56/k#ix ADP o BRI Ci A AL
¥+, ADP Ic X % state 4-3-4 O¥EIRIFZEN
wWobhie,

B. ADP 114 @ Adenine Nucleotide |C
& BB A (C Pyridine Nucletide &
BT KREDEL, RUIHICRIZETSAF VD
BB

1. ATP [c&L3%1t

stated ZhebENKLI Pa v F Y T
ATP %N % &, AEP IR PEE s
N5 2z 05—0.8 uM O,/sec) 75, F D
HWEO T FEMFBIREBIC FTET 5. B

bV F U 7O a2 BN RIE T Mg o A4 v olgicon < 295

Suc
+

W\ 05t [ e
" \AUZ( W“K‘A
W
Suc \I& (e
/
% \ne
Y ;)’\

2

—— > Oxidation

(5)

Reduction ¢———
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PA
X

ZQ
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uZ

Fig.

Effect of Magnesium Ions upon Oxidation-Redu-
ction States of Pyridine Nucleotide of Rat Heart
Mitochondria under Various Metabolic Conditions.
Except for fluorometric recording, experimental
conditions were essentially same as in Fig. 2.
Substance, concentration and time of each addition
is specified by arrow. Traces (1) and (2) illustrate
the effect of concentration of Mg ions upon shi-
fting steady state level of PN in state4 toward
oxidation. Gradual formation of ADP from AMP
(trace (3)) and its rapid formation from ATP
(trace (4)) are indicated in the presence of Mg
ions. Traces (5) and (6) show the inhibiting effect
of oligomycin upon PN oxidation by ADP in
state 3. Cyclic oxidation reduction responses of PN
are obtained by additions of 20 #M Ca ions in
trace (6), while no significant effect by addition
of 0.5 mM Mg jons in trace (5). Fluorescence ex-
citation at 340 mg¢ and emission at 450mu.

iZowTik ATP 2% T b %A EkEOREL
BRIt oTn. —Fstate 412 %72 6 L1248,

F 0.5 mM MgCl, #inx T < &, Fig. 24)
o< 110 gM ATP OFEINC & - THERIF{E
EEH (0.55—1.30 #M O,/sec), =D& EAMH
CERRTRIRIEE 3 L. Z OME L X state 3
BXO stated OPHEETHS. BIHEI
Fig. 5(4) o<, peak L L 7\ A%, KU
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BB BT L0 eRd i,
2. AMP [c k3%t

stated 12 b 7e b i I b=ty K Y 7 ICAMP
EHRMUTS, WO PN #56K I3
HEREERBD d 5 To. T 0.5 mM MgCl,
BRI U248, 235 pM AMP %37 5 & Fig.
2(3) %W Fig. 5(3) icRam<, MRELKEIC
1R S TR E R EEICE Lk (0.52—1.58
uM Oy/sec) #, =@ % FERRFIREEICE L.
— NGB state 4 JKUE L V44 & IS BRI
KRLTTLR, ERFRRICETL L, BU

CAFCETMIC AL - T stated KECHER

L7z,

C. Mg 14> & Cat A EBOHE
BCHBERILRE 0T E2 b s ATP.
ase {EHEICH L TMg A2 b Ca A3 v bit
IR 52 52 L BRRLATY 323D, Mk
D CaAFroIbavy Ry TiRBT 3EMT
ADP o =XV ¥ —iRfIRICEE W E
xRV X — PN & SRR TR

D Fa VY FU 702 2 BRI RIS Mg 1 A v oliic o<

% (Fig. 5 (6) ).

Mg A F v 28 3 X —BRAL R T B R R
KBRS N XNV —0BEicERBEET 3
OTHhHIE, BEBER{CER (Terminal phos-
phrylating step) ##pl]3 % oligomycin ©7F
FETICT PN #pk 8L 52 5137 Ch
5. 11 uM/ml oligomycin OfEE T stated 5
Hizbizbl, 2 har Ry 7 ADP 2 &M
LT%%m%smm434g@§wwEwmm

. X 05mM MgCl, ML THEMITH
fﬂdim&) bz (Fig. 5 (5) )

HFLzDX5K I bary Y7 iZ/hE (20
pM) @ CaCl, % FAEM* 5 W% state 4-3-4
DEREIRER & KERD bhviz (Fig. 5 (6) ).
Tk oligomycin RREZHER b O RBRRLE
BELLRT > high energy pool @ = % v — % FIH
LT ha v R TR Ca A4y eBERULE
B2 b0 LEans. THICKLT Mg A%
i3 oligomycin [T M 7 BB L BEE DATR 1< 1R
HAT250ThaT LEWE-S T 5.

D. DNP FEsf&ibic kL 20

== D RAER UK

19554F Chance and Williams

A

\; DRr=F Ik - T stated OFFI bz

Y TR & AT D BRI RER
A state 3 [T VEEEICEE X
1 (state 3u) fEEEFRIRERICET

|
EETA R TR

52 LRHmES NI, FRE

XY ook ST ot SK.

S=mscmmEEpe—— —‘% = e i

D L ZoBRKEyRE L. £
D% Azzone™® I X N WD i
arsenate DIFEIEICB VTR 2~

Fig. 6.

Effect of Pretreatment of Rat Heart Mitochondria with ‘Adenine

7% BB L LTc state 3u FEIR
MBI S hE DR ERT 5

Nucleotide and Magnesium Ions on the State 3u Respiration.

Experimental conditions were essentially same as in Fig. 2. Expe-
riments were started with adding mitochondria to the succinate
containing reaction media. Further additions were performed as indi-

T eRBSs L. BFERLH
by B YT CRRTERALE %
ThhEAicba~ 7Ee LE

cated by arrows. Trace (1) is control. State 3u respiration released

by DNP is rapid in rate, but it soon decelerates to the final

inhibited rate.

Additions of various sorts of AN or Mg ions prior to DNP altered

& U7z state 3 u MW o> B 348
WZLERBIELL. ZoZ ki
0k H AN internal high

the duration of the accelerated state 3u respiration variously, as

seen in traces (2) to (5). The reaction media used in this series of
experiments contained the phosphate buffer as in text.

energy compounds (ATP #o
fitv intermadiate) %% & IEH
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FoEHC LTS vEETRT LD L ER,
o TREGHORFICIFI P2 FY 7 XY
LIEFTH B LEZ . Fidko AN o turnover
W KIES Mg A & v 0B85 DNP FEH+E8I1c &
STEDES BT ENEBELL.

%@’E%UELKE&KEE Ll Tansipr b
X, ZHIZI b= RY T2 LT state 4 12
b b Liztg, AN KUt Mg A 4 > o &
DHR#EME 5L, 0% DNP cIRtfb L
Te R OMRZEALOWIER % Fig. 6 1278 L7z,
Fig. 6 (1) 3BT, 2 78BE S KSKC
TR ITERAL T state 4 12 % 72 6
L, Z4UC 3+10° M DNP &ML/ (state
4-3 #E¥). DNP oifiic & v M E bicfi
SN D, INEOBRFICHNE S h state 4 X
D LENICEBCEREICET 3% (0.66 (state
4 )—1.88 (state 3u)—0.34 (final or inhibited state)
uM O, /sec).

Fig. 6 (2): DNP oiRngiXix DNP & [Fpg
i ATP (110 pM) %I+ 5% & state3u i
EELT, 20% s EMFBRBIE L (scale
out M ¥ il TR E K OV R B i e i ske
M5 72).

ATP otfvic ADP (130 uM) # iz =3
A VLFEHETH 7. DNP ¥k 5 Bk ATP
b ADP b MEERSRIRME = T T 5 state3u @
EESRER LD, 20BIPRERELE
(Fig. 6 (4) ).

Fig. 6 (5): MgCl, (0.5 mM) otz ATP
o state 3 u MEIR OILRZHRE & FERICKT LT,
R <l & A RERIER o REB I 7 5 7.
(0.60 (state 4 )—1.35 (Mg-ATP rate)—1.50 (state
3u)—0.36 (final rate) uM O,/sec.

Fig. 6 (3): AMP (235 M) o iRHNL#iERY
BIPIR DRHE R TR E 73, DNP JE64% & 3t
Iz state3u DIERFFREZ AL, ZOBKKREE
A& T L7z (0.60—1.66—0.34 pM O,/sec).

BEER % B\ 7o BORHERH © kb & R e A&
% 5. % 7- 1%, DNP JEHA& 247 - 72l & Fig. 7
R Llie, Zok) %ok ATP 25 Lz
Halod, DNP FERBEOBRICHE R WK

Offi b B YT 0 a o 2T IET Mg 1 A v DI o T 297

— 3 Oxidatiom

@

()

Beduction 4

Fig. 7.

Effect of Pretreatment of Rat Heart Mitochondria
with Adenine Nucleotide and Magnesium Ions on
the Uncoupled State Respiration in the Phosphate
Free Reaction Media.

Experimental conditions were essentially same as
in Fig. 2 and 6, except for phosphate free reac-
tion media. Accelerated respiration of uncoupled
state was observed only in the case, in which
ATP was added to the reaction media. Effecti-
veness of ATP was diminished in the presence
of Mg ions.

HEFEAED bz, Fig. 7 (1) itk LT Fig. 7
(1) ik 258 n ATP ZER5 L7zas, state3u
PRI iE KEEZRD P72, MgCl, & ATP
RIS BT LA state3u PR & L
Tz,

LAl Fig. 6, Fig. 7 o#iEsBE + % &
Table 1 IR+ L9 ThH o7z,

W e S RS R TIX state 4, state 3u KU
Bk OMEREEE I R 4 0.5-0.6, 1.5-1.9 B L
0.3-04 pM Oy/sec TH Y, XZhIiCHY TS
BRE B ETRRTOMPREEITR . 0.3-04,
1.0-1.2 KX 0.3-0.4 pM O,/sec Tdh - 7z.

Fig. 8 it Fig. 5, Fig. 6 » FEcfifera



298 E DS P a v Y 7O 7 P BIEd Mg o A v DD\ T

LRSS ba v Y TEFEL, 27 L 8T H %, ik 2~ 7B X B state

Wz X - T state 4 12 b7 b Lctk, MgCl 4 ©o PN B & @ L LR r —v

OHEXEARET TR ANIC X - TRESMN DEFEIT-72bDTHB. DNP ORI X

5z, 2h# 3107° MDMP o AIZ & - TH - T PN &% #ghd R ic LA BB+ %

AL L A0 PN BB KOS ET  (BIREORES). DNP o RINRRIL 2R
Table 1.

Uncoupled State Respiration and Metabolic Conditiong Prior to Uncoupling.
Experimental details are shown in Figs. 2, 6 and 7.

nitial e s irati Fi
ieslgiration (;%réili%?lzmg /Sww\ relslglration
rate(State 4) Rate O; intake rate
sM Oq/sec. pM O,/sec. wM O, pM Oy/sec.
a. In the presence of phosphate
0.66 DNP 1.88 60 0.34
0.52 ATP, DNP 1.46 scale out .
0.60 ADP, DNP 1.71 scale out
0.52 DNP, ADP 1.60 168
0.50 AMP, DNP 1.66 135 0.34
0.60 MgCl;, ATP, DNP 1.50 95 0.36
0.55 MgCl;, AMP, DNP 1.58 73 0.42
b. In the absence of phosphate
0.37 ATP, DNP 1.15 130 0.31
0.38 . ATP*, DNP 1.16 128 0.42
0.37 ADP, DNP Insignificant 0.31
0.37 MgCl,, ATP, DNP 0.98 64 0.37
0.36 MgCl,, AMP, DNP Insignificant 0.31

ATP, ADP, ATP*, AMP, MgCl; and DNP were used 110, 123, 220, 235 #M, 0.5 mM and 3:107° M
in concentration respectively.

) ](—‘:

|

il I8

- Fig. 8.

Effect of Various Metabolic Conditions on the Fluorometric Changes of Intramitochondrial
Pyridine Nucleotide Induced by DNP Uncoupling.

Experimental conditions were esseniially same as in Fig. 5. An abrupt large upward
deflexion (jump of fluorescence trace), which occurs with addition of 3:107° M DNP in every
case, indicates a profound oxidation of PN in mitochondria, induced by uncoupling. Focus
attention to the large jump of fluorescence trace includes the absorption of UV exciting
light due to DNP, but the rests are variable and reflecting the oxidation reduction state
of PN.
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Studies on the secretory mechanism of the submaxillary gland of dog
Part 1. Electrophysiological studies with microelectrode
ImaIl-Yusuke *

Experiments presented in the present paper have been attempted to reconfirm Lundberg’s
works2), with the submaxillary gland of dog. Results obtained are as follows;

1) Puncturing the superficial layer of the gland with microglass—electrode of about
20 M2, a deep intracellular resting potential, cf, —42 3-7 mV (internal negativity) on an av-
erage, was determined. It was confirmed with the Turnble blue method® that the site of
potential generation was the basal cell membrane of acinal cell. The resting transcellular
potential was near zero.

2) Stimulating the chorda tympani with tetanic ‘current (20 cps, 2 V, Puls duration of
5 msec), the intracellular potential deepened down to —57 =10 mV on an avarage. This
hyperpolarizied potential continued, fluctuating during the stimulation and disappeared
immediately after the end of stimulation. The latency of hyperpolarization was 0.4 sec., and
the rate of ils rise 13-25 mV/sec. Thus its characteristics correspond approximately to the
Ist type of secretion potential described by Lundberg with cat’s submaxillary gland®. The
hyperpolarization of transcellular potential was about —10 mV. Simular potential changes
were recorded after stimulation with acetylcholine injection (inter artery).

3) As the voltage of stimulation was raised, the hyperpolarization was increased at
first to a certain maximum limit, and then it was maintained constant. The secreation of
saliva was initiated also by the stimulation and its rate took a similar course to that of the
hyperpolarization by changing the stimulation voltage.

4) The resistance between the cell inferior and the external medium was measured with
Araki’s bridgemethod®, and was found to be 18-:12 M& on an average of 80 measurements
in the resting state. During the stimulation, this resistance decreased at first to 14211 M&
after a couple of seconds and later it increased to 2613 M& on an average after 5 seconds.

5) The cause of changes in membrane resistance during stimulation was discussed from
the view point of electronmicroscopic findings? and records of secretion pressure of salival®).
(J. Physiol. Soc. Japan (1965) 27, 304-312]
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Fig. 1.
Schematic representation of experimental appar-
atus.

A, B : Spoon and ring for fixing gland
C : Glass microelectrode
D : Reference electrode {(Ag-AgCl)
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Fig. 2.
Apparatus for measurement of membrane resis-
tance {Araki’s method).
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Fig. 3.
Intracellular records from acinal cell of submaxi-
llary gland, presenting secretory potential caused
_ by tetanic stimulation of the chorda (A, B)
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Schematic representation of membrane potential of
salivary gland.
Upper : Cat sublingual gland (by Lundberg)

Lower : Dog submaxillary gland (by author)
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Localisation of electrode tip revealed by Turnble
blue precipitation at acinal cell of submaxillary
gland.
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Intracellular records from deep location of submaxi-
llary gland, suggesting that the chorda stimulation
might cause a depolarization of membrane potential

in the cell of striated part.
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The membrane resistance was demonstrated by potential changes due to pulses of current

passed between the cell interior and external medium. During the stimulation, this resistance
decreased at first and increased later.
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Study of the secretion mechanism of the submaxillary gland of dog
part 2. Effects of exchanging ions in the perfusate on salivary
secretion and secretory potential, with special reference to
the ionic distribution in the gland tissue"

Imar-Yusuke *

In attempt to clarify the nature of the secretory potential and the mechanism of salivary
secretion, the perfusion experiments were made with dog’s submaxillary gland. Results
obtained are as follows : '

1) Even when Na* and Cl” in the perfusate being replaced partially with Li* and
NO;~ respectively, the secretory potential, i. e. hyperpolarization of intracellular potential
initiated by chorda stimulation, and the salivary flow remained practically normal, while
they were abolished, when the replacement was complete.

2) Cl” in the perfusate being replaced completely with sulfate, the secretory potential
remained normal, while the rate of salivary flow was decreased but not disappeared.

3) When K* in the perfusate was raised over 13 mM/L, the secretory potential was
completely abolished, while the secretion of saliva remained, though its rate was reduced.

4) K* was lost from gland tissue into venous blood and saliva during the chorda
stimulation, but it was restored in the gland after cessation of secretion. During the chorda
stimulation, the pretty amount of Na* and Cl~ were retained in the gland tissue en route from
blood to saliva, while they were driven out into the venous blood during the restoration.

5) The inorganic phosphate was also lost into the venous blood from the gland tissue
during the secretion, while restored from the blood after the cessation of secretion. Thus it
is suggested that high energy phosphate bond was ultilized for salivary secretion.

6) The ionic concentrations in the cell interior of the gland being analysed, K* was
found to be reduced, which Na* increased during the salivary secretion.

7) The nature of secretory potential was discussed in relation to the K* permeability
of the gland cell membrane during the salivary secretion, and it was concluded that the
secretory potential initiated by chorda stimulation does not originate to the activation of
chloride pump as postulated by Lundberg, but to the increase of K* permeability of gland
cell membrane, which makes the membrane potential approach the K* equilibrium potential
of the gland cell. Thus the secretory potenital is not the causal factor of salivary secretion,

but is a phenomenon which often appears concomitant with the secretion.
{J. Physiol. Soc. Japan (1965) 27, 313-324]
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Fig. 1.
Schematic representation of perfusion experiment
with dog’s submaxillary gland.
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Table 1.
Composition of the perfusate

Normal-Ringer NO;-Ringer
NaCl 140.0 (mM) NaNO; 14.0 (mM)
KCl 4.0 KNO; 4.0
NaHCO; 10.0 NaHCOs 10.0
CaCl; 2.0 Ca (NOs). 2.0
MgSO4 1.3 MgSO4 1.3
Li-Ringer SOsRinger
LiCl 140.0 (mM) Na,SO4 90.0 (mM)
KCl 4.0 K>SO, 2.0
“CaCl, 2.0 NaHCOs 100
MgSO, 1.3 Ca (NO3)2 1.3

MgSO4 2.0
Cholin-Ringer K-free-Ringer
Cholin-Cl  140.0 (mM) NaCl 144.0 (mM)
KCl 4.0 NaHCO3 10.0
CaCl, 2.0 CaCl; 2.0
MgSO, 1.3 MgSO, 1.3
K-isotonic Solution
KCl 150.0 (mM)

Each solutions are added 25 g of PVP per litter, and
are buffernized at pH 7.4 with few ml of 1/15-N
phosphate buffer solution. .
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ARERDAF > Thd LEbIS. %2 TR
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FTHHHENA) 2380, BEROW (0.03cc/4y/

Perfusing fluid normal NO3 50 %

Salivary flow 0.8 cc/min, 0.3 ce/min,

Fig. 2.

Secretory potential on perfused gland. When Na* and Cl~ in the
perfusate were replaced partially with Li* and NOs~ respectively, the

secretory potentjal remained practically normal.

g gland) 1% Ringer KIEHIMHEEL ¥ L 00ER
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Fig. 3.
Even when Cl™ in the perfusate was replaced
completely with SOs™7, the secretory potential
remained normal 15 min. after perfusion.
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Fig. 4.

Effect of K—free solutionon perfusion of the gland
with the secretory potential as well as the rate of
salivary flow. The rate of salivary flow decreased
gradually with the lapse of time while the secretory
potential still remained almost normal for 10 min.
Fifteen minutes after perfusion, however the secre-
tion potential and the salivary flow disappeared
completely.

rate of salivary tlow

20 min.
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Fig. 5.

The resting intracellular potential (O) and the
secretory potential (@) of the acinal cell in relation
to the K*—conc. in the perfusate.
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Fig. 6.
Effect of K* concentration in the perfusale on secretory potential and salivary flow. K* in
the perfusate being raised over 13 mM/L, the secretory potential was completely abolished,
while the secretion of saliva remained, though its rate was reduced. )
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Fig. 7.
Ionic movements of the gland tissue from or to
the blood and saliva during and after chorda
stimulation. And the ionic balance of gland tissue.
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Table 2.
Tonic concentration of submaxillary gland tissue and cells at rest as well as during secretion

Water Sodium‘ mEq/kg  Potassium mEq/kg chloride) mEq/kg Inulin

content  Tisue Cell water Tissue JCell water Tissue Cell water SP3€
non stim. 78.1+14 34.9+28 3 65.4+1.7 117 60.8+3.6 62 0.23
chorda stim. 768405 51,6445 34 48387 89  58,6+45 60 0,23

5 min,
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Studies on the mechanism of hyperventilation in muscular exercise
Hacuisuka-Hirohisa *

By a continuous recording of dog’s blood pH change at the carotid artery with Morimoto-
Yoshimura’s glass electrode, it was found that the arterial blood pH tends to increase imme-
diately after initiation of muscular exercise, probably due to the acceleration of respiration.

Analysing the factors which cause the respiratory acceleration in muscular exercise, it
was experimentally demonstrated that there are two factors, i. e. neural and humoral. The
humoral factor seems to be due to the accumulation of acid products in muscular exercise.

As to the mechanism how the humoral factor accelerates respiration, some mechanism
of respiratory acceleration which displays before the carotid sinus should exist, since the
glass electrode inserted in the common carotid artery showed an increase of blood pH imme-
diately after the start of muscular exercise in the author’s experiment.

In an attempt to clarify which chemoreceptor may response to the acid product to
accelerate the respiration, pH glass electrode was inserted in one of the following three
places, i. e. the pulmonal artery, pulmonal vein and carotid artery, and HCI solution was
infused in the right caval vein. By comparing the time of respiratory acceleration due to
chemoreflex and that of the pH decrease presented by the glass electrode, the site of chemore-
ception which accelerate the respiration was estimated. In some case, CO, inhalation was
used in place of HCI infusion.

Experimental resulis reveal that the respiratory acceleration appeared a few seconds
after the decrease of pH detected by the electrode of the pulmonal artery, while a little
earlier or almost at the same time with the pH decrease at the pulmonal vein. The pH
decrease at the common carotid artery appeared far later than the initiation of respiratory
acceleration. Consequently, it is presumed that the chemoreceptor which initiates the acceleration
of respiration in muscular exercise is located in the region extending through the pulmonal
capillary and the pulmonal vein. On the other hand, the respiratory acceleration appeared
rather later than the pH decrease at the common carotid artery, in case of the vagotomied
dog. Thus, it was verified that the vagal nerve mediates the chemoreflex from the pulmonal

circulation. (J. Physiol. Soc. Japan {1965) 27, 325-334]
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Fig. 1.

The construction of an implantable pH glass electrode.
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The change of respiration was recorded by a thermister

which was inserted into the trachea. Both respiration

and blood pH were continuously recorded with a

polygraph (GME) as shown at the right hand side of

the figure.
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/cord for implantable
pH glass electrode

Fig. 3.

A demonstration of a exercising dog. The recording of pH was
performed with the glass electrode implanted in the common

carotid artery and the set of a pH meter and recorder.
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The arterial blood pH continuously recorded with exercising dog
by means of a glass electrode implanted in a common carotid
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The relation between the onset-time of pH change
and that of hyperventilation after infusion of 0.1 N
HCI through a catheter at right caval vein. (])
The glass electrode was inserted at the common
carotid artery.
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Fig. 8.
The relation between the onset-time of pH change
and that of hyperventilation after infusion of 0.1 N
HCI through a catheter at right caval vein. (1)
The vagal nerves had been cut prior to the experi-
ment.
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The relation between the onset-time of pH change
and that of hyperventilation after infusion of 0.1 N
TICl through a catheter at right caval vein. ()
The glass electrode was inserted at the pulmonal
vein.
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The difference of onset-time after acid infusion
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decrease at the electrode. The data on the fourth
line are those of experiments with vagotomied dog.
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Experiment on the effect of CO, inhalation upon
blood pH and respiration.
In this case the pH glass electrode was implanted
in common carotid artery. )
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Experiment on the effect of CO; inhalation after
cutting the vagal nerves at the both side. In this
case the pH glass electrode was implanted in the
common carotid artery.
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Experiment on the effect of CO, inhalation upon
blood pH and respiration.
In this case the pH glass electrode was implanted in
the pulmonal vein.
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WEDNESDAY, Feb. 24

Ist. SESSION : CORTICO-SUBCORTICAL INTERRELATIONS, GENERAL ASPECTS. Presidont :
S. P. NARIKASHVILI
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in Rats.
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E. S. Atsev (Bulgaria) : Relations Between Neuronal Discharge in Somatosensory Cortex and Secondary

Forbes Response in Cats.
(Coffee Break : 11 : 30. A. M.)
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Control in the cat.
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Z. Servit (Czecho) : The Paroxysmal Electroencephalogram of Lower Vertebrates. A Comparative Study
of Synchronization Mechanisms.
L. Chocholova (Czecho) : The Role of the Cerebral Cortex and Certain Subcortical Structures of the
Acoustic Pathway in the Pathogenesis and Inhibition of Audiogenic Seizures in the Rat.
THURSDAY, Feb 25.
3rd SESSION : 9 : 30 A. M. CORTICO-SUBCOORTICAL INTERRALATIONS, GENERAL AS-
FECTS. President : N. Yoshii
W. Grey Walter (UK) Slow Potential Waves in the Human Brain Associated with Expectancy, Attention
and Decision. (Read and discussed by Dr. R. John)
J. Aquino-Cias (Cuba) : Correlation of the Central and Peripheral Responses of the Visual Pathway.
A. Fernandez Guardiola (Cuba) : Dynamic Aspects of the Regulation of Visual Information.
(Coffee Break : 10 : 30 A. M.)
E. N. Sokolov (USSR) : Specific and Non~Specific Modifications of the Single Unit Discharges in the
Rabbits’ Lateral Geniculate Body.
W. Lifschitz (Chile) : Types Responses of Medial Geniculate Body Cells and the Thalamo~Cortical
Organization of Auditory Afferences.
H. T. Chang (People’s Republ China) : Interaction of Auditory Impulses at Cortical and Subcortical
Levels and its Possible Significance in Binaural Hearing.
4th SESSION : 3:00 P. M. NEUROPHYSIOLOGY OF THE STATES OF CONSCIOUSNESS.
President : E. ROY JOHN
M. Mancia (Italy) : Spinal Inhibition During Sleep.
N. I. Graschenkov (USSR) : Clinical-Physiological Analysis of the Sleep Mecanism of the Hypetrsomnia.
M. Palestini (Chile) : Association Thalamic Nuclei in the Regulating Mechanisms of Sleep and akefulness.
(Coffee Breack : 4 :30 P. M.)
B. Holmgren (Cuba) : Drug Dependent Conditioned Reflexes. "
D. Gonzalez—Martin {Cuba) : Effects of Chlorpromazine on the Afferent Synthesis of the Instrumental
Reflex in Dogs.
Friday, Feb. 26. Morning : 10 : 00 A. M. Visiting the President of Cuba, Dr. Dorticos
5th SESSION : 3: 00 P. M. President : E. A. ASRATYAN. .
J. Szentagothai (Hungary) : Some General Structural Principles of Thalano—Cortical and Meta-Thalamo
Cortical Connections.
K. Lissak (Hungary): The Nature of the Orientation Reaction Viewed From the Aspect of Motivation.
(Coffee Break : 4 : 00 P. M).
E. Grastyan (Hungary) : The Possible Mechanism of Subcortical Motivational Processes in Conditioning.
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J. Wada (Canada) : Correlative Analysis of Behavior and Cerebral Visual Response.

ATURDAY, Feb 27.

6th SESSION : 9 : 30 A. M. President : H. T. CHANG
E. A. Asratyan (USSR) : Stableelectrophysiological Phenomina of Conditioned Reflex.
E. Roy John (USR) : Average Computmg of Evoked Responese During Avoedance Conditioning.

(Coffee Break : 10 : 30 A. M.)

N. Yoshii (Japan) : Changes of Cortical and Subcortical Responses preceeding Bebavior Performance.
V. M. Okujava (USSR) : Some Problems of Habituation of Evoked Response in Visual System.
2:00 P. M. Conclusive Summary (Purpura, Chang, Asratyan)
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TAKASAKA-Hiroko : The effect of magnesium ions on the succinic respiration by rat

IMAI-Yusuke : Studies on the secretory mechanism of the submaxillary gland of dog.

IMAI-Yusuke : Studies on the secretory mechanism of the submaxillary gland of dog.
Part 2. Effects of exchanging ions in the perfusate on salivary

secretion and secretory potential, with special reference to the jonic

HACHISUGA-Hirohisa : Studies on the mechanism of hyperventilation in muscular
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