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TABLE 2., Appesrance end responsiveness of H. littoralis after

trestment with saponin of various concentrations

Saponin |Number |Immediate]After [After g&hig'minﬁ After |After
concen= of responge | 30 1 min 30 min [several
tretion jenimals| to Bec vash hrs yash
% saponin
0.5 9 shortens p|disinte~
grating
0.1 8 shortens e phbegina no§¥a1,4.______.., cells
recovery|NR¥Y OI dispersing
0,05 9 shortens normul+ - » slight
disperaion 3
of cells, NR
0 7 ngrmull, sioutline
R jdistdne
lﬂ13 b
i

Ns Normal appearance (resembling live hydra)

2 R: Response to mechanical stimulus {shortening, then gradual re-

elongating)

3 NRs No reaponse to mechanical atimulus

4 0Is+ Outline indistinct

5 Tranaferred to buffered KCl wash solution after 18 minutes in
paponin




1
TABLE 3, Effect of time of saponin treatment on column and tentacle

lengths of H. littoralls

Time in
saponin Columns Tentacles
gsolution
min X * SE _»12 X! sE 52
mm mm
8 5.0 ¥ 0,3 10 1.9t 0.2 8
15 5.5 % 0,3 8 2.3 0.2 7
23 5.1 2 0,2 8 2,5 0.6 7
30 5.5 ¢ 0,3 9 2.5 £ 0.1 8

1

0.1% saponin in 0.01 M phosphate buffer (pH 7.0) and 2,6 x 10
KCl (I = 0.0S/u).

2

N = number of animals,
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TABLE 4. Effect of lonic strength on column lengths of saponln-treatedI

H, littoralis, measured just before and 3 minutes after

introduction of contraction solution

lonic Initial length Final length Relative length
strength
P Xtse N Xtse N
nm mm
0.20 5.2 t 0,2 8 8.0 ¢ 0,5 8 1,54
0.15 ) 6,1 £ 0,3 10 7.1 2 0.4 10 1.16
0.10 13,9 £ 0,8 10 9,2 £ 0,3 11 0.66
0.05 8.8t0,7 8 5,0 £ 0.5 9 0.57

1
Eight minutes in 0.1% saponin solution containing 1 x 10-2 M phosphate

buffer (pH 7.0) plus sufficient KCl to maintain each respective ionic
strength, followed by 1 hour in the corresponding buffered KCl solution,

2 -3

1 x 107" MATP, 1 x 10-3 M CaCly, 5 x 103 M MgCl,, and 1 x 102 M

phosphate buffer (pH 7.0), plus sufficient KCI to maintain each
respective lonic strength, :

3

N = number of animals,



TABLE 5. Effect of lonic strength on column and tentacle lengths
1

of unextracted H, littoralis In wash solutions
o Towr oot e el

2 -
Tonic Columns Tentacles”
strength - -
X % SE N X * sk N
ol mm mm
0,20 5.7 % 0.6 11 3,6 £ 0.3 11
0.15 5,0 £ 0,3 10 2.9 # 0,2 9
0.10 6.0 £ 0,3 10 3.5 Y 0.2 10
0.05 9.6 £ 0.6 12 5.0 0.4 12

1
Containing 0.01 M phosphate buffer (pH 7.0) and KC1 to maintain

each respective ionic strength,

2
Measured after 7 minutes in wash solution,

3
Measured after 11 minutes in wash solution,

4
N = number of animals,
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1
TABLE 6. Changes in column length of saponin-extracted H. viridis
— Rl L R

2
with time of wash treatment

wagéﬂﬁb%ﬁhion folumn length

| Xt sE N
min m

5 4.3 0.1 9
10 2.2 ¥ 0,1 9
15 2.9 % 0,1 9
20 3.1 t 0.1 9
25 3,2 ¢ 0,1 9
32 3,0 £ 0,2 7
15 through 32 3,0 £ 0.1 34

1
Eight minutes in 0.1% saponin solution containing 3 x 10-% M cacl,,

5 x 10°3 M imidazole-HC1 buffer (pH 6.8), and 1,5 x 10~ M KC1
(I = 0,02 p),

2
In buffered KC1 (see above),

3
N = number of animals,
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1
TABLE 7. Column lengths of saponin-extracted2 H. viridis |

Pusietg

wash solutions containing urea, glycerol, or neither3

Time in Urea wash Glycerol wash Control
wash solution
X % SE 3A X t SE % Xt %

min

0 3.9 * 0,4 100 3.4 ¥ 0,4 100 3.3 £ 0,3 100

5 3.2 £ 0,3 82 2.1 1 0.2 62 2,2t 0,2 87
10 3.4 £ 0,3 87 2.3t 0,2 68 1.9t 0,0 58
15 3.6 *+ 0,3 92 2.5 % 0,3 74

17 1.8 £ 0,1 55
20 3.8 £ 0,3 97
25 2,3t 0.3 68

1
Each mean based on 6 animals.

2
Ten minutes in 0.1% saponin solution containing 5 x 10‘3 M imidazole-HCl
buffer (pH 7.0) and 1.4 x 102 M KC1 (I = 0,02 p),

3
Wash solutions contained, in addition to buffer and KC1 as above,

1.5 M urea, 1,5 M glycerol, or neither (control).

&
Percentages of column length at 0 minutes,



TABLE 8. Rates of oxygen consumption in saponin-treate& H. littoralis

[ Ses——————

Flask*
no. ML Oo/mg dry wt/min _113 dry wt
- mg
X % SE
S1 0.0090 t 0,0023 10 6.5
S?2 0.0167 % 0,0022 10 9.8
S1 + S§2 0.0128 % 00,0020 20
c1 0.0327 % 0,0022 10 7.7
c2 0.0714 % 0,0049 10 4,7

1

Eight minutes in 0,1% saponin solution containing 0,05 M phosphate
butfer (pH 7.0, I = 0,05 p), followed by 30 minutes in buffered

KC1 (same pH and I),

2

"S" indicates pretreatment with saponin; "C" indicates control.

3

N = number of 15-minute perlods. (one reading every 15 minutes).
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TABLE 9. Transmembrane resting potentials of saponin-treated frog

sartorious flbers

Prepn Transmembrane
resting potential
mv
1 17.6
2 27.2
3 12.8
4 41,6
5 19,2
6 44,0
7 | 9.6
8 15.2
9 13.6
10 17.6
11 22,6
12 27.2
13 25,6
16 23,2
15 20.0

XtsSE=22.5¢27mv



1
TABLE 10. Contraction of saponin-treated frog muscle fibers

Prepn Initial 1ength2 Final leggth3 Presence or
absence of urea
In wash solution
X * SE N %t sE N
mm m

1 4.8 ¥ 0.3 5 4,31 0,2 as +

2 4,6 £ 0,4 5 3.6 ¥ 0,2 5 +

3 5.0 £ 0,6 3 3.3t 0.3 3 -

4 5.5 £ 0,5 3 4,8 % 0,5 3 -

to &4 4.9t 0,2 16 4,0 £ 0,6 15 +yo

&

In solution containing 1 x 10°3 M CaC1_, 2 x 10=3 M ATP, 5 x 103 M
MgClz, and 5 x 10”2 M phosphate buf%er (pH 6.8, 1T = 0,15M),

Just before addition of contraction solution,
Fifteen minutes after addition of contraction solution,
N = number of fiber bundles,

One fiber bundle lost during change of solution,

—



TABLE 11,

Thin and thick filaments

[y
;)
e

the basal reglons of the epidermal

myo-epithelial cells

<
[

H, littoralis

Fig.!  Body

number region
24 gastric
30 gastric
32 gastric
23 peduncle
23 peduncle

Thin filaments Thick filaments Ratio of
thin:thick
Number Density Number Densgity
counted 2 counted 2
number/ a number/ u”]
296 4933 31 517 9,54:1
776 3880 B8 4460 8,82:1
729 1519 104 217 6,99:1
292 2433 33 275 8,85:1
327 1022 52 163 6,29:1
2620 2757 730 308 322 * 67 | 7.86:1°
(total) (X T sE) (total) (X t SE)| (total)

1

All transverse sections,

2

X

2

= 6,078,
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TABLE 12. Effect of time in contraction solution1 on column lengths

of saponin-treated2 H., viridis

Time in Column length EB
contraction -
solution (X * SE)
min mm
b) 3.1 ¥ 0,2 7
10 2.7 0.3 7
15 2.5 ¢ 0,2 7
20 2,5 % 0,2 7
25 2.5 % 0,3 7
15 through 25 2.5 # 0,1 21
1 " &4

Containing 5 x 107" M ATP, 3 x 10" M CaCl., 5 x 103 M imidazole-HCl
buffer (pH 6.8), and 1.26 x 10-2 M KC1 (I = 0.02 ).

2
See Table 6,

3
N = number of animals,
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1
TABLE 13, Change in column length of saponin-extracted H. littoralis

as a function of ATP concentration2

ATP Initial length? Final length®
concentration
Xese N Xt se g
mM T mm
0 5.7 t 0,1 34 6.9 * 0,2 35
1 ) 5.9 % 0.1 32 4,7 0,1 31
5 5.6 ¥ 0,1 33 4.6 % 0,1 33
10 5,7 ¢ 0.2 33 4,4 £ 0,1 34
1 through 10 5.8 0.1 98 4.5t 0,1 98
20 5.8 ¥ 0,1 34 5,0 £ 0,2 34

1
Eight minutes treatment with 0,1% saponin in 10 mM Tris-HC1 buffer

(pH 7.2) and KC1 (I = 0,05 u), followed by 10 minutes in buffered
KC1 wash solution,.

2
Contraction solutions also contalned 1 mM CaClz, 5 mM MgClz, and

buffer and KC1 as above,

3
After wash treatment,

b
After 15 minutes in contfaction solutien,

5
N = number of animals,

b



TABLE 14. Variation among replicates in percentage of saponin-extracted

cells of H. viridis contracted in the presence of ATP

poate)

and divalent ions*

Type of cell X SD Number of
replicates
% %
Epidermal 38,3 0,6 10
Gastrodermal 36,1 0,3 7

W
1 x 10-4 M ATP, 1 x 104 M MgCl,, 5 x 10=3 M phosphate buffer (pH 7.2),
and 6,9 x 103 M KC1 (I = 0,02 p).




TABLE 15, Contraction of cell models of H. viridis as a function

pucee

of pH

Epidermal cells Gastrodermal cells
XNt SE w3 X/{mt sE N3

Transformed Corres- Transformed Correg=

m—-—-—'zﬂ‘-—“" OIS
pH data ponding data“” ponding
percentage percentage
degrees % degrees %

6.2 22,0 t 0,5 14 t 0,1 5 30.3 ¢ 1.4 25t 0,1 3
6.4 27.4 t 6,3 21 11 4 29,5 t 3,7 26 + 0,4) 5
6.6 40,6 t 3,5 42 t 0.4 5 33,7t 5,9 3t 4
6.8 43,7 £ 6.5 48 % 1 4 32.5 £ 6,6 29 ¢ 1 3
7.0 38.2 5,0 38 ¥ 0.8 5 39.8 ¢ 2,3 41 ¥ 0,2 5
7.2 37.3 ¥ 2,6 37to0.2 |6 34,7t 6.8 33t 6
7.4 34,6 % 4,1 32 £ 0,5 6 34,9 ¢ 7,2 33 ¢ 2 4
7.6 40,1 £ 53 41t0,9 |6 49,9 % 8,1 58 t 2 5
7.8 30,7 t 3.8 26 t 0,1 b] 28,1 t 5.4 222 0,9( 5

1
See Fig, 3 for description of tontraction solutions.

2
The transformation used was ¥R sin”l/F® (see Materials and Methods, VII),

3
N = number of replicates,
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TABLE 16, Effect of extra wash time' on contraction of cell models

Extra wash Replicate Gastrodermal Epldermal
period number cells® cells?
min

0 1 - +

2 b +

3 - +

30 1 - +

2 - -

3 - -

60 1 0 +

2 4 0

3 t 0

90 1 + %

2 + 4

3 0 +

1 |
In 3 x 107 M CaCl,, 5 x 1073 M phosphate butfer (pH 6.8), and 9.1 x 10°3 M

KC1 (I = 0.02 M), This treatment was always followed by 30 minutes in
a similarly buffered solution containing 1,5 M urea and 1 x 107° M KC1

(same ionic strength),

2 Most cells C 1 (+), no change in shape of any cells (.), a few cells C I (%),
not observed (0).

3 In solutions containing 1 x 10-4 M ATP, 1 x 10°3 M MgClg, 3 x 10°? M
CaClz, and KC1 and buffer as above,



o=y
o
()

TABLE 17. The contractile response of cell models to various
*
combinations of ATP, Ca, and Mg

Prepn Contraction solution G E
1 3 x 10'“ M Mgc12, ATP - -
2 MgCl, - -
3 MgCl,, CaCl, - -
4 MgCl,, ATP, CaCl, 3 +
5,6 1 x 1073 M Mge1, bye age
7 | MgCl,, CaCl, - .
8 MgCl,, ATP i+ +
9 MgCly, ATP, CaCl, + +

ATP 5 x 1074 M

caCl 3 x 10°4 M

2 .
MgC12 concentrations indicated above

G gastrodermal cells

E  epidermal cells

+ most cells C I3 =~ no change in any cellss ¥ afewcells CI,

*

5 x 10~3 M imidazole buffer (pH 6,8) and KC1 (I = 0,02 1) were included
in all contraction solutions,
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TABLE 18, Contraction of cell models as a function of Ca lon

P whossez:

*

concentration
Concentration G E

of CaC12

M

5 x 10"7 - -
5 x 10°° . .
5 x 1072 + ¥
1 x 1074 + +
5 x 1074 + +
1 x 10”> " N

+ Most cells C I
- No change in any cells

t A few cells C 1

G Gastrodermal cells

E Epidermal cells

4 3

Contraction solutions all contained 5 x 10 M ATP, 5 x 10°~ M phosphate
buffer (pH 6.8), and KC1 (I = 0,02u), as well as CaCl,.
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TABLE 19. Contraction of gastrodermal cell models as
%
of Mg lon concentration

a function

Concentration Gastrodermal
of MgCl, cells
107 M
5 -
7 +
9 +
10 +*
15 %
20 -

+ Most cells C 1
- No change in any cells
¥ A few cells C 1

Contraction solutions all contained 5 x 10-& M ATP, 5 x 10°3 M

phosphate buffer (pH 6.8), KC1 ( I = 0.0Z,u), and MgCl, as above.



TABLE 20. Percentage of epidermal cells scored as € I as a function

of equal concentrations of ATP and MgCl, at different Ca 1evelsa

pca = 8% 2 pCa = 6ls 3 pCa = 47
pg = pATP sin‘lﬁ' 2 sin-1! 2 sin“lip' 2
degrees % degrees % degrees %
none 27.8 ¢ 4,3° 22 t 0.6° 28.4 % 1.6° 23 £ 0,17 22.4 % 2,07 14 1 0.1
1.0 23.8 ¢ 3.1 16 £ 0,3 39.1 £ 3.6 40 £ 0,4 * 24,1 % 5.7 17 £ 1.0
6.5 23,0 ¢ 3.1 15 t 0.3 + 32.4 £ 0.2 29 £ 0.0 48.9 % 3.5 57 £ 0.4 *
6.0 27.4 % 2.0 21 £ 0.1 2.4 % 2.5 17 % 0.2 33.8 t 1.9 3 %01
5.5 35.4 % 2,1 34 £ 0.1 23,1 % 2.6 15 % 0.2 35.0 * 3,0 33 ¢ 0.3
3.0 44,9 t 8.9 50 £ 2.4 29.9 + 2.4 25 £ 0.2 38.5 t 3.5 39 £ 0.4
4.5 44,0 t 1.8 48 £ 0.1 42,9 % 0.7 46 ¥ 0,0 * 33.3 %t 5.8 30 ¢ 1.a;*
4.0 35.7 % 4.3 3%t 0.6 31.4 % 5.7 27 £ 1.0 49.0 ¥ 1.5 57 t 0.1 *
3.5 37.1 ¥ 4.5 36 t 0.6 33,2 % 1,9 30 £ 0.1
‘; maxima as determined by € tests; + minima as determined by ¢ tests,
Caz* buffered with 1 x 10"& M EGTA, Cells extracted with digitonin, Cells extracted with saponin,
4 3

- .
Contraction solutions all contained 5 x 107 M phosphate buffer {pH 7.2) and KC1 (I = 0,02 pu). X = SE.

591



TABLE 21.

Percentage of gastrodermal cells scored as C I as a function of

equal concentrations of ATP and MzClZ at different Ca levelsA

pca = 8!+ 2 pca = s pca_= &

plig = pATP sin”! /5 sin”! 2 sin"Vp" 2

degrees % degrees % degrees %
none 18.0 t 2.9° 10 t 0.2° 2.5 t 5.6 17 ¢ 1.0° 15.9 t 3.0° 38 t0.3
7.0 29.3 % 1.4 24 ¢ 0,1 22,6 £ 3.8 15 ¥ 0.4 20.7 % 3.3 12 £ 0.3
6.5 30.4 ¥ 0.2 26 £ 0,0 31.3 £ 1.0 27 £ 0.0 21.0 £ 1.7 13 £ 0.1
6.0 23.2 £ 1.6 16 £ 0.1 21.3 % 1,7 13 £ 0.1 3.7 t 3.1 32 £ 0,3
5.5 30.0 £ 2.9 25 % 0,3 28.7 % 4.4 23 £ 0.6 12.8 £ 4,8 29 t 0.7
5.0 34.8 " 6.5 33 £ 1.0 29.2 ¥ 2.3 26 % 0,2 35,9 * 3,5 3% % 0.4
4.5 23.4 % 2.7 16 £ 0,2 17.2 £ 2.0 9 %t 0.1 32.4 % 3.4 29 £ 0.4
4.0 25.1 % 3.1 18 £ 0.3 18.4 t 2.6 10 t 0.2 4.6 2.1 32t 0.1
3.5 23,9 t 2.7 16 £ 0,2 24.0 t 3.4 17 % 0.4 25.2 * 3.6 18t 0.4

1

%
Ca“” buffered with 1 x 10~% M =GTA.

2 Cells extracted with digitonin,

3 Cells extracted with saponin.

4 Contraction solutions all contained 5 x 1073 u phosphate buffer {pH 7.2) and KC1 (I = 0.02)4).

5

Xts

£%1

L91



TABLE 22, C 1II contraction2 of cell models

Epidermal cells Gastrodermal cells
pCa = gl pCa = 4 pCa = 8! pCa = &
sin” 1{"‘2 2 sin” 14""2 D s in-lwf""g oy sin~l/p" )
pMg = pATP degrees 4 degrees A degrees % degrees A
none 23.5 £ 1.7 16 t 0,13 40,8 t 0,7 43 0,0 49,4 £ 0,5 58 ¢ 0.0 60.6 t 2.6 76 T 0.2
7.0 21.7 £ 0,1 14 £ 0,0 34,2 £ 1.4 32 £ 0.1 53.3 ¢ 0.8 64 t 0,0 62.4 t 3.7 79 % 0.4
6,5 26.4 £ 2,8 20 £ 0.2 30.3 % 2.3 26 * 0.2 47,9 * 0.3 55 ¥ 0.0 67.1 * 2.4 85 £ 0.2
6.0 27.8 t 2.3 22 £ 0,2 .} 30.3%2.6 25 0.2 50.4 % 6.0 59 1.0 51.4 % 3.3 61 ¥ 0.3
5.5 26.7 t 1.6 20 £ 0,1 28,4 % 1.3 23 % 0.1 43,7 ¥ 0.8 48 t 0.0 52.9 t 3.3 64 t 0.3
5.0 27.8 * 6.1 22t 1.0 25.1 % 4.2 18 £ 0.5 51.2 ¢ 7.5 60 t 2,0 46,2 T 3.7 52 £ 0.4
4.5 30.3 % 3.0 25 t 0.3 48.5 t 4.6 56 ¢ 0.6 59.0 £ 1.9 73t 0.1 55.3 * 3.1 68 * 0,3
4.0 25.8 % 1.4 19 t 0.1 23,3t 1.3 15 t 0.1 53.8 ¥ 2.4 65 ¥ 0.2 49,2 T 1.0 57 £ 0.0
3.5 29.3 % 1,7 24 0.1 28.1 t 0.2 19 £ 0.0 57.1 ¥ 2.0 70 £ 0.1 s8.4 1 3.1 731 0.3
ca?’ buffered with 1 x 107% M EGTA. =
S0
2

Contraction solutions all contained 5 x 10'3 M phosphate buffer (pH 7.2), KC1 (I = 0.02 u}, and ATP, CaClz, and E-LgCIZG
3%t se.
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TABLE 23. Percentage of cells of C I type as a function of
%
Salyrgan concentration

Epidermal cells Gastrodermal cells
-1 -1
sin f_‘g P sin P
pSal degrees E degrees Z
none T 47,5 11,0 54 % 0,0 38.4 % 2.0 38 £ 0,1
5.0 27.6 t 2.4 21 % 0,2 19.4 % 2.6 11 %2 0,2
4.5 28,0 t 5.1 22 t 0,8 25,5 £ 5,2 19 ¢ 0.8
4,0 24,1 t 2,7 17 £ 0,2 19.2 £ 2,0 11 % 0,1
3.5 32,3 % 1,5 28 £ 0.1 15.9 £ 1.7 8 0.1

*
In solutions containing ATP, MgCl,, and CaCl, (all 1 x 10~% M),
5 x 103 M phosphate buffer (pH 7.2), and KC1 (I = 0,02 p),




TABLE 24. Percentage of cells of type C Il as a function of
T
Salyrgan concentration
Epidermal cells Gastrodermal cells
sin'liﬁ P sin'llﬁ'
pSal degrees % degrees
none 30,8 + 1.8 26 * 0,1 48,1 £ 2,5 55 t 0,2
5.0 28.1 ¥ 1,5 22 £ 0,1 56,6 * 2.1 70 £ 0,1
4.5 28,7 ¥ 4,2 23 % 0.5 54,5 £ 4.9 66 * 0,7
4,0 26,7 %t 1.4 20 ¢ 0,1 54,1 * 0,9 66 0.0
3.5 26,8 * 3,3 18 £ 0,3 60,9 % 1.4 76 % 0,1
*

See Table 23 for description of solutions.
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TABLE 25, Concentrations of free ATP, Ca, and Mg, and of metal-ATP
complexes, for Fig. 6 and 7
Negative logarithms of concentrations of
free lons and ion complexes
2~ 2+ 2~ 2+
total Ca total Mg, MgATP Mg CaATP Ca free ATP
total ATP
8,00 7.00 10,10 7.00 11,50 8,00 7.00
6.52 9.12 6.50 11.00 8.00 5,52
6.00 3,09 6,00 10,48 8.00 6,00
5.52 7.15 5.54 10,01 8.00 5. 54
5.00 6.16 5.03 9,54 8,01 53.03
4,52 5.29 4,60 9,12 8.04 4,60
4.00 4,58 4,13 8.91 8,06 4,13
3,52 3.74 3.92 8.43 8.20 3,92
6,00 7.00 10,10 7.00 9,50 6,00 7.00
6,52 9,12 6.50 9.00 6.00 6.32
6.00 8.09 6,00 8,48 6,00 6.00
5.52 7.15 3.54 8.01 6,00 5.54
5.00 6.16 5.03 7,56 6,01 5.03
4,52 5,29 4,60 7.12 6,04 4,60
4,00 4,58 4,13 6.91 6.06 4,13
3.52 3.74 3.92 6,43 6,20 3.92
4,00 7.00 10,24 7.00 7,64 4,00 7.11
6,52 9,27 6.52 7.14 4,00 6,64
6.00 8.23 6,00 6,64 4,00 6.12
5.52 7.28 5.54 6.16 4,00 5.64
5,00 6.28 5.02 5.67 4,01 5.14
bh,52 5,43 4,58 5,28 4,02 4,68
4,00 4,62 4,11 4,85 4,05 4,19
3,52 4,14 3.64 4,85 4,05 3.66
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APPENDIX

1. Method of hatching nauplii of Artemia salina
— —— TR SIS

Brine shrimp were ralised at 24°C by seeding % teaspoon eggs
(Longlife Fishfood Products) in 2 liters of well-aserated NaCl solution
(2 tablespoons Fisher certified reagent-grade NaCl per liter of distilled
water), all in a three-liter beaker. Newly hatched nauplii were

harvested in the light 48 hours later and rinsed briefly in tap water

before being fed to hydra,

I1I. Stock solutlons for preparation and study of models

The following stock solutions, prepared in glass-distilled water
(with one exceptlon, noted below), were stored in 100-ml polyethylene
containers in the refrigerator (4°C):

0.05 M KH2P0 (monobasic)

4

0.05 M K,HPO, (dibasic)

0.2 M tris @ris(hydroxymethyl)aminomethan%

0.2 M imidazole (glyoxaline, purchased from K and K laboratories)

MzCl, (1.0, 0.5, and 0.01 M)

CaCl2 (0.1 and 0,01 M)

KCl (1.0 and 0.1 M)

0.01 M EGTA (trade name CHEL DE, donated by Gelgy Industrial
Chemicals)

0,04 M EDTA

1% w/v saponin (purchased from Fisher Sclentific Co.)

0,001 M Salyrgan (Mersalyl, sodium salicyl-(71hydroxymercuri18-

methoxypropyl)-amide-O-acetate, purchased from Mann Research

Laboratories)
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2.5% w/v diglitonin {(purchased from Nutritional Blochemical
Corporation) in absolute ethanol
A 0,025% digltonin solution was made by diluting the above stock
1:99 in plass-distillied water, Dipotassium adenosine-5/.triphosphate
(ATP), purchased from General Blochemicals, was kept in a freezer at

-10%C and welghed out just before tging,

11I. Buffers

" Iype of pK Range Reference
buffer T
1,2
Ky HPO,=KH, PO, 6.81 5.29 - 8,04 Hale, 1958, p., 73
tris-HC1 8,08 7.19 - 9,10  Hale, 1958, p. 76
imidazole=~HC1 6,95 6.2 - 7.8 Dawson et al., 1959, p. 194

1
Calculated from Hale's (1958) tables,

2
From Sérensen's NaZHPOa-KHZPoa buffer,



1V, Calculations of KC1 concentration required to maintain a

specified lonic strength

In the following example the deslired lonic strength is 0.02/u

for a gsolution also containing 1.4 x 10’3

-3

M KHpPO,, 3.6 x 107" M

-3
K,HPO, (i.e., 5 x 10 = M phosphate buffer, pH 7.2), 1.0 x 10°% M

Kp-ATP, and 1.0 x 10=% M MgCl,:

174

salt

K, HPO
2

KHZPOA

Ky-ATP

MgClz

fon concentration valénce §w31§13
(=cy) (=x) fu
M

K* 0,0072 0,0036
HPOAZ- 0.0036 0.0072
k* 0,0014 0.0007
HZPOQ' 0,0014 0,0007
Kt 0.0002 0,0001
ATe* 0.0001 0.0008
MSZ* 0,0001 0.0002
1 0.0002 0,0001

Therefore, the contribution by KCl to the total ionic strength

is 0,02 4 - 0,01346 &1 = 0,0066 15 and the required KC1 concentration

is 6,6 x 10‘3

M,

E:% cixiz = jonic strength without

KC1

= 0.0136 p,
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V. EDIA and EGTA as Ca and Mg buffers

Calculations of final concentrations of free Ca and Mg lons were
based on the following dissociation congtants and solubllity products

(Gelgy, 1958):

Acldity constants EDTA EGTA
pKl 1,99 2
pK, 2,67 2,68
PK, 6.16 8.85
pKa 10,26 9,46

Stability constants EDTA EGTA
Mg 8,7 3,21
Ca 10,7 11,00

If, for example, the initial concentration of EGTA is 1 x 1074 M,

and the free calcium ion concentration desired is 1 x 10"7 M, and the

pH is 6.8, then the required initial concentration of CaCl2 (i.e.,
concentration of total Ca) can be calculated as follows:
From K3 and K, the following ratio can be derived:

[/
: .8.85 . .18.31 )
;1A% 1078487 4 1079:46 118 ot

g [ aoee

Using this ratio, together with the stability conatant for EGTA

and calcium, we arrive at the following relationship:
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10-'11 ukaz*] X [EGIAI*:) - [Caz*) X ([E)GTAZ”] X 10"4“71):

lcarcTa?") [carsTa?")
that 1s, [camta’’) = [ca?*] x [mma27) x 10%%°,

&

Since the total concentration of EGTA is 107" M, and since [ﬁGTAa']

is. negligibie with respect to {EGTAZ"], it follows that
[g;tA24] + [carsta®) 1 x 10°4,
Substituting,
assta??] = [ca?]x ( 1074 . [camta?-] ) x 10%-27,
If we assume that almost all the calcium present inltiaily as
CaCl2 will end up complexed as CaEGTAzm, that is,
ltotal Ca} - [CamTAz'),
then it follows that
{total Ca} - [Cazq x ( 107% . ttotal Ca) ) x 106'29.
Rearranging terms,
10°% x [ca?*)
10"6'29 + [Caz*} )
-7 .

4
It was required that the free Ca2 concentration be 1 x 107 M;

[total Ca} -

therefore, A 7
10 x 107

- 2
10 °.29, Ca
10-11

¥

[total Ca]

- ® 1
107 x (10”0 4 1)

-10"% 7 6.13

4,79
-'10& .

That 1s,

(tot:al Ca]n 1.62 x 10"5 M.



24 - -
VI. Calculations of concentrations of Ca_ Mg%, CaA”I,‘P2 s MgATPz s
ATP“", and ATP>~ when pi, total Ca, total Mg, and total

ATP concentrations are known

These calculations were based on Martell znd Schwarzenbach's

(1956) stability products and dissociation constants, as follows:

+
[ATpt-]H ],. RN

(1] ng = (ATPB"] .

24 be
ca  Jdea” YQre 7) 6
Q) x, - fante?] = 1077

24 Ha .
Iue” Jlate 71 4.0

(3) K:Ez" [MgAsz-] =10,

(where Z = ATPa-)

If the pH is between 6 and 8, then almost all the ATP will exist
as ’ATPA- and ATP}*, the relatlive concentrations of which can be calcu.
lated from {1},

Let [total Ca] = A,

{total Mg} = B,

and [total ATP} = C,
Also, let [caaTP?’”] = a,

and [MgATP>") = b,

Then [ca’’] = [total Ca) - [canTe?"] = 4 - a,

and Mg ] = [tota1 ms) - [mate®) = 5 - b,

Furthermore, [ATP*")+ RTp3"] = [rotal ATH) - {Caupz'] - [Meate’)

=C-a b,

From (1] , [A'rp3‘] - 106‘5[ H*][ATP“"];

and [ATPA.]dr [ATPB'] - (141007 x [H*]) x [ATP*) = c . a - b,



6.5 + . Er-a=>b
Let K= 1 4+ 10 x [H 7, Then, [ATP = . .

%

Equation [2] becomes [&] 10° - .
K a

by O (B b) (L -2a = b)

and equation [3 ] becomes [5] 10 = < .
b

Dividing [4]lby [5],

0.4 SA - a2 b

10 -
(B«b)a °
Solving for a In terms of b,

Ab

a = ®
10%% 5 . 1.512 b

Substituting this expression for a in [5],

{ A D ) - b
o B-D {C “\0°"% B - 1.512 b
10 7 =

Kb
Combining terms,

3 A 2
0= =1,512 b + (4,024 B+ 1,512 C+ A + 1,512 x10 K) b

L] - 0.
+ («4,024 B C - IOO 4 82 -~ A B - 10 3.6 KB) b+ 10 4 BZ C.

Dividing all terms by =-1,512,

3 2
b7+ Cpt 4 C b+ C =0,

where C, = -2,660 B = C - 0.6613 A - 1074 K,
2 b
C, = 2.660 B C + 1.661 B + 0,6613 A B + 1.661 x 10 K B,

| 2
and C, = -1,661 B C.
When pH = 7,2, and [total Mg] = {[total ATP] , then K = 1,1995, and
B=2C, In this case,

=l
C1 = «3,660 B - 0,6613 A - 1,1995 x 10
2

14

C, = 4.321 B” + 0,6613 A B + 1.977 x 107 B,

3
and 53 - '1.661 B .



When A and B are known, the cubic equation can be solved for bj
a is then evaluated In terms of b, and all other lonic concentrations
are evaluated in terms of a and b, These concentrations are listed in

.6 4
Table 25 for pH = 7,2; [total Ca] - 10'8, 10 , and 10 M; and

. =11 "
[total Mg) = [total ATP] = 1 % 107 and 3 x 10™" M, where n = 7, 6, 5,

and 4,



