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TABLE 1. 1 Effect �~� contrection solution �~� column lengths �~� briefly-

2 glycerinate! !; littoro.lh 

Column length .. 
before treatment 

Column leng,tl!, 

after treatment 

X* SE N4 X.± SE 

Trentment mm .!!!!! -
Contraction solution 1 3.4 :f: 0.4 10 3.5 ± 0.6 

4.0 :t 1.1 7 3.6 .:t o.s 

Wash solution3 (control) 3.3 :t 0.4 7 3.6 .:t 1.2 

3.15 :f: 0.4 8 4.1 .± 0.4 

1 -3 -3 -4 Containing ! 2x 10 M ATl), 5 x 10 M �M�~�C�l �2 �~� 1 x 10 M CaC12 t 
1 X 10 M �T�r�b�~�H�C�l� buffer (pH 7.2), end KCl (I ... o.US;fl}. 

2 One hour in 50% glycerol in buffered KCl (see above) at -10°C, 
follo-wed by brief '\'lashing (Tolmcs and Bron, 1965, aimilar 
procedure �~�i�t�h� Vorticella stalks). 

3 Wash solution renewed as a control for manipulation. 

4 N ... number of animals. 

II -
ats 

7 

7 

6 6 
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treatment ~ ~npo.!!J!!. ..£!. various concentrations 

Snpon,in Number Immediate After After At 16 mine 1'-fter After _ ... """'.... -· ... ---concen- of response £tQ. 1 min 30 min several 
animals -- wash trntion to .!.!£. l!!.!. l" n s h -

! ~nponin . --
0.5 9 ehortens dhinte-.. 

grating 

o.I 8 mhortenl!!l begin• norne.l, 
4 

. celh 
recovery NR a, ox 7 

dhperdng 

o.05 9 shortens normal1 
... elight ~~., 

dhpermion 
of cells, 

0 7 1 outline n~rme.l , , 
dietAncft R 

NR 

1 Ns Normal appearance (resembling live hydra) 

2 Rs Response to mechanical etimulun (shortening, then gradual re
e 1 on gating) 

3 NRs No response to mechanical stimulus 

4 Ols Outline indistinct 

5 Transferred to buffered lCl •ash aolutioa after 18 minutes in 
uaponin 



1 

1 
tABLE 3. Effect of ~ 2f saponin treatment 2n column ~ tentacle 

lensths ~ tl• littoral is 

Time in ---saponin Columns Tentacles 
solution 

it 
2 X ! SE 

2 
min SE N N 

mm mm 

8 s.o + 0.3 10 t.9t 0.2 8 

15 s.s '* 0.3 8 2.3 t 0.2 7 

23 5.1 '* 0.2 8 2.5 t 0.6 7 

30 5.5 '* 0.3 9 2.5 t 0.1 8 

1 -2 

2 

0.1% saponin in 0.01 M phosphate buffer (pH 7.0) and 2.6 x 10 M 
Kct (I - o.o5;u>· 

N • number of animals. 



1 

2 

3 

Ionic 
strength 

e 

0.20 

0.15 
-

0.10 

0.05 

1h 1 i ttoral is, measured Jus~ before ~ 1 minutes after 

2 
introduction of contraction solution 

Ini tlal lensth Final le!!Sth Relative le~th 

x t SE N3 X t SE N3 - -
mm mm - -

5.2 t 0.2 8 8.0 t 0.5 8 1. 54 

6.1 t 0.3 10 7.1 t 0.4 10 1.16 

13.9 t 0.8 10 9.2 t 0.3 11 0.66 

8.8 t 0.7 8 5.0 t 0.5 9 0.57 

Eight minutes in 0.11. saponin solution containing 1 x to·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. 

1 X 10.) M ATP, 1 x 10-3 M CaCt 2, 5 x 10·3 M MgC1 , and 1 x 10•2 M 
phosphate buffer (pH 7.0), plus sufficient KCt to malntaln each 
respective ionic strength. 

N • number of animals. 



TABLE 5. Effect 21. ionic stre!:IB.t.b. 2.!! column~ tentacle lensths 

of unextracted H. llttoralls Jn !!!h solutions1 
- = 

1 

2 

3 

4 

Ionic Columns 
2 Tentacles) 

strength 
it SE N'+ X :t SE N.,. 

e nun mm 

0.20 5.7 t 0.6 11 3.6 ± 0.3 11 

0.15 5.0 t 0.3 10 2.9. 0.2 9 

0.10 6.0 t 0.3 10 3.5 :t 0.2 10 

0.05 9.6 t 0.6 12 5.0 t 0.4 12 

Containing 0.01 M phosphate buffer (pH 7.0) and KCl to maintain 
each respective ionic strength. 

Measured after 7 minutes ln wash solution. 

Measured after 11 minutes in wash solution. 

N • number of animals. 



TABLE 6. 
1 

Changes in column length £! saponin~extracted ~· viridis 

1 

2 

3 

with time of ~ treatment 
2 

Time in 
wai1i""So IUt ion 

min 

5 

10 

15 

20 

25 

32 

15 through 32 

Column 1eQSth 

X ± SE 

mm -

4.3 '! 0.1 

2.2 t 0.1 

2.9 t 0.1 

3.1 t 0.1 

3.2 t 0.1 

3.0 t 0.2 

3.0 t 0.1 

9 

9 

9 

9 

9 

7 

34 

Eight minutes in 0.11. saponin solution containing 3 x to-4 M Cact 2, 
5 x 10-3 M imidazole-HCl buffer (pH 6.8), and 1.5 x 10·2 M KCl 
(I .. 0.02 ~). 

In buffered KCl (see above). 

N • number of antmala. 



TABLE 7. Column lengths
1 

2! saEon!?-extracted2 ll• viridls !rr 

~ solutions contain!~ ~' glycerol, 2! neither3 

Time in ~~ Glycerol wash Control --- -~solution 

x * 4 
SE % X t SE % X! SE % 

min -

0 3.9 t 0.4 100 3.4 ± 0.4 100 3.3 t 0.3 100 

5 3.2 * 0.3 82 2.1 t 0.2 62 2.2 t 0.2 67 

10 3.4 * 0.3 87 2.3 t 0.2 68 1.9 t o.o 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 2.3 t 0.3 68 

1 
Each mean based on 6 animals. 

2 
-3 Ten minutes in 0.1% saponin solution containing 5 x 10 M imidazole-HCl 

3 

4 

buffer (pH 7.0) and 1.4 x 10"'2 M KC1 (I • 0.02 p). 

Wash solutions contained, in addition to buffer and KCl as above, 
1.5 M urea, 1.5 M glycerol• or neither (control). 

Percentages of column length at 0 minutes. 



tABLE 8. ~ 2f oxygen consumption~ saponin-treateJ ~· littoralis 

1 

2 

3 

Flask 

S1 

S2 

Sl + S2 

C1 

C2 

~1 o2/ms dry wt/min 

X t SE 

0.0090 t 0.0023 

0.0167 ± 0.0022 

0.0128 t 0.0020 

0.0327 ± 0.0022 

o. 0714 t o. 0049 

10 6.5 

10 9.8 

20 

10 7.7 

10 4.7 

Eight minutes in 0.1% saponin solution containing 0.05 M phosphate 
buffer (pH 7.0, I • 0.05 p), followed by 30 minutes in buffered 
KCl (same pH and I). · 

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

N • number of 15-minute periods. (one reading every 15 minutes). 



tABLE 9. Transmembrane rest!~ eotentla1s 2! saEonln-treated frog 

sartorious fibers 

Prepn 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

j t SE • 22.5 t 2.7 mv 

Transmembrane 
resti~ potential 

mv 

17.6 

27.2 

12.8 

41.6 

19.2 

44.0 

9.6 

15.2 

13.6 

17.6 

22.4 

27.2 

25.6 

23.2 

20.0 

11)5 



1 
tABLE 10. Contraction 2f saponin-treated froa muscle fibers 

PreEn Initial 1ensth 2 Final 1e!!Sth 
3 

Presence 2!. 
absence of urea --in wash solution --

X ± SE N4 i ± SE t!4 -
mm mm - -

1 4.8 t 0.3 5 4.3 t 0.2 45 + 

2 4.6 t 0.4 5 3.6 t 0.2 5 + 

3 s.o t 0.6 3 3.3 t 0.3 3 ... 

4 5.5 t o.s 3 4.8 t 0.5 3 -
1 to 4 4.9 t 0.2 16 4.0 t 0.6 15 +, .. 

1 
In solution containing 1 x 10· 3 M CaC1 , 2 x to·3 M AtP, 5 x 10·3 M 

MgCt
2

, and 5 x 10·2 M phosphate buf~er (pH 6.8, 1 • 0.15/U). 

2 
Just before addition of contraction solution. 

3 
Fifteen minutes after addition of contraction solution. 

4 
N • number pf fiber bundles. 

One fiber bundle lost during change of solution. 



1 ~ . ..., 
' I 

TABLE 11. !h.!.!! !!:!.2, thick f llaments ~ ~basal regions tl ..!:!'!!. eEidermal 

mxo-epithe11al cells 2! ~· littoralis 

&.1 Bodx Thin --number region 

Number 
counted 

24 gastric 296 

30 gastric 776 

32 gastric 729 

23 peduncle 292 

23 peduncle 327 

2420 
(total) 

1 
All transverse sections. 

2 
¥2 
" .. 6.078. 

filaments 

Denslti 

number/ p 
• 

2 

4933 

3880 

1519 

2433 

1022 

2757 t 730 
(X t SE) 

~ filaments Ratio of 
~:thick 

Number Densltl 
counted 

2 
number/~ 

31 517 9. 54:1 

88 440 8.82:1 

104 217 6.99:1 

33 275 8.85:1 

52 163 6.29:1 

308 322 ± 67 7.86:1 2 

(total) (X t SE) (total) 



l 58 

TABLE 12. 1 Effect 2f ~ in contraction solution on column 12nsths 

1 

2 

3 

15 

2f saponln-treated2 ~· virldls 

Time in 
contraction 
solution 

mln 

5 

10 

15 

20 

25 

through 25 

Co 1 umn 1 e!'S th 

(X i SE) 

mm 

3.1 :t 0.2 

2. 7 :t 0.3 

2.5 t 0.2 

2.5 t 0.2 

2.4 t 0.3 

2.5. 0.1 

7 

7 

7 

7 

7 

21 

Containing 5 x 10•4 M ATP, 3 x 10-4 M CaCl , 5 x 10·3 M lmtdazole-HCl 
buffer (pH 6.8), and 1.26 x 10·2 M KC1 t1 • 0.02fU)• 

See Table 6. 

.N • number of animals. 



1 
tABLE 13. Change in column length 2f saponin-extracted H. littoralis 

1 

2 

3 

4 

5 

1 

as a function 2f ~ concentration 
2 

ATP Initial length3 
~ 1ensth4 

conceirt'rat ion 

it SE !:!5 X t SE N5 

!!!M mm mm 

0 5.7 t 0.1 34 6.9 t 0.2 35 

1 5.9 ± 0.1 32 4.7 t 0.1 31 

5 5.6 t 0.1 33 4.4 + 0.1. 33 -
10 5. 7 * 0.2 33 4.4 t 0.1 34 

through 10 5.8 t 0.1 98 4.5 t 0.1 98 

20 5.8 t 0.1 34 5.0 t 0.2 34 

Eight minutes treatment with 0.1% saponin in 10 mM Trls-HC1 buffer 
(pH 7.2) and KCl (I • o.os~), followed by 10 minutes ln buffered 
KCl wash solution •. 

Contraction solutions also contained 1 mM Cact2• 5 mM MgCt
2

• and 
buffer and KCl as above. 

After wash treatment. 

After 15 minutes ln eontta4tlon solution. 

N • number of animals. 
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tABLE 14. Variation among replicates~ percentage 2f saponin-extracted 

Epidermal 

Gastrodermal 

cells 2f ~· vlridls contracted ~ !h! presence 2! ~ 

* ~ divalent ~ 

X 

38.3 0.6 

36.1 0.3 

Number of 
replicates 

10 

7 

1 x l0-4 M AtP, 1 x 10·4 M MgC1 2, 5 x to-3M phosphate buffer (pH 7.2), 
and 6. 9 x 10'"3 M KCl (I • 0.02 p). 



tABLE 15. Contraction of ~ models 2f ~· viridis as a function 

of £!! 

EJ21dermal. cells Gastrodermal c_~.Hs 

-- N3 X/rn' ± SE x1rn± SE -
Transformed Corres- transformed Corres-

£!! data 2 12onding ~2- pondl!JS -- percentage percentage 

desrees '1. desrees '1. -

6.2 22.0 1: 0.5 14 t 0.1 5 30.3 t 1.4 25 t 0.1 

6.4 27.4 t 6.3 21 t 1 4 29.5 t 3.7 24 t 0.4 

6.6 40.6 t 3. 5 42 t 0.4 5 33.7 t 5.9 31 t 1 

6.8 43.7 t 6.5 48 t 1 4 32.5 t 6.6 29 t 1 

7.0 38.2 t 5.0 38 t 0.8 5 39.8 t 2.3 41 t 0.2 

7.2 37.3 ! 2.6 37 t 0.2 6 34.7 t 6.8 33 t 1 

7.4 34.6 * 4.1 32 t 0.5 6 34.9 t 7.2 33 t 2 

7.6 40.1 t 5.3 41 t 0.9 6 49.9 t 8.1 58 t 2 

7.8 30.7 t 3.8 26 t 0.1 5 28.1 t 5.4 22 t o. 9 

1 
See Fig. 5 for description of ~ontraction solutions. 

2 

16 

N3 

3 

5 

4 

3 

5 

6 

4 

5 

5 

The transformation used was f"if' stn'"'lt'P" (see Materials and Methods, VII). 

3 
N • number of replicates. 
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!ABLE 16. Effect of extra wash time1 on contraction of cell models
3 

1 

------- --

Extra !!.!.!1 ReJ21icate Gastrodermal EJ2idermal 
eeriod number cells 2 cells 2 -

!!!!!!. 

0 l + 

2 ± + 

3 + 

30 1 + 

2 

3 

60 1 0 + 

2 t 0 

3 t 0 

90 1 + + 

2 + + 

3 0 ... 

In 3 x 10·4 M Cact 2, 5 x 10·3 M phosphate buffer (pH 6.8), and 9.1 x 10·3 M 
KCl (I • 0.02fU). This treatment was always followed by 30 minutes in 
a similarly buffered solution containing 1.5 M urea and 1 x 10·2 M KCl 
(same ionic strength). 

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

3 In solutions containing 1 x 10·
4 

M ATP9 1 x 10· 3 M MgCt 2, 5 x 10• 3 M 

CaC1 2, and KCl and buffer as above. 



tABLE 17. 1h! contractile response of ££11 models~ various 

* combinations of ~' £!., ~ !E. 

Prepn Contraction solution 

1 

2 

3 

4 

5,6 

7 

8 

9 

ATP 5 x 10-4 M 

CaC1 2 3 x to-4 M 

3 X 

1 X 

-4 10 M MgC1
2

, ATP 

HgClz 

Mgcl
2

, CaC1 2 

MgC1
2

, ATP, CaCt2 

10 .. 3 M MgC1 2 

MgCt 2, Cact
2 

MgC1 2, ATP 

MgCt 2, ATP, Cact 2 

MgCt 2 concentrations indicated above 

G gastrodermal cells 

E epidermal cells 

+ most cells C I; no change in any cells; 

G E 

t t 

+,• .. ,. 

t,+ + 

+ + 

t a few cells C 1. 

5 x 10·
3 

M imidazole buffer (pH 6.8) and KCl (1 • 0.02 p) were included 
in all contraction solutions. 



TABLE 18. Contraction of ~models as a function .2!. £!. .!.2.!1 

* concentration 

Concentrat lon g_ E -.2!_ CaC12 
M 

5 X 10- 7 

5 X 10-6 

5 X 10-5 + + . 

1 X 10"'4 + + 

5 X 10-4 + + 

1 X 10.) t t 

+ Most cells C I 

No change in any cells 

t A few cells C I 

G Gastrodermal cells 

E Epidermal cells 

1 

Contraction solutions all contained 5 x 10•
4 

M ATP, 5 x 10·
3 

M phosphate 

buffer (pH 6.8), and KCl (I • 0.02JU), as well as cact2• 



TABLE 19. Contract!!!.!! of aastrodermal cell models as a function 

* 2f tl[ 12n concentration 

Concentration Gastrodermal 
of ~2 cells 

10-4 M 

5 

7 + 

9 + 

10 + 

15 t 

20 

+ ~bst cells C I 

No change in any cells 

± A few cells C I 

* 

16'1 

Contraction solutions all contained 5 x 10•4 M ATP, 5 x to-3 M 

phosphate buffer (pH 6.8), kCl ( l • 0.02JU), and MgC1 2 as above. 



TABLE 20. Percentage of eoldermal cells scored ~ C I ~ ~ function 

4 2f equal concentrations of ATP ~ ~~c1 2 ~ different Ca levels 

1 2 
eCa • 8 ' eca - 61, 3 eCa • 4 2 

2~5 • pATP sin-1§ !?. sin-11j5" E. sin- 1£F !?. 

* l 

4 

degrees ~ 

5 22 t 0.6
5 

none 27.8 t 4.3 

7.0 23.8 t 3.1 16 t 0.3 

6.5 23.0 t 3.1 15 t 0.3 + 

6 .. 0 27.4 t 2.0 21 t 0.1 

5.5 35.4 t 2. 1 34 t 0.1 

5.0 44.9 t 8.9 50 t 2.} 
4.5 44.0 i' 1.8 48 t 0.1 

4.0 35.7 * 4.3 34 t 0.6 

3.5 37.1 :t 4.5 36 t 0.6 

maxima as determined by t tests; 

Ca2+ buffered with 1 x 10-4 M EGTA. 

+ 
2 

degrees ~ degrees X. 

28.4 t 1.6 5 23 t 0.1 5 22.4 -t 2.0 5 14 t 0.1 

39.1 't 3.6 40 : 0.4 * 24.1 * 5.7 17 t 1.0 

32.4 t 0.2 29 t o.o 48.9 * 3.5 57 * 0.4 * 
24.4 ! 2.5 

11 ± o.~} 33.8 ± 1.9 31 ± 0.1 

23.1: 2.6 15 * 0.2 35.0 t 3.0 33 t 0.3 

29.9 i' 2.4 25 t 0.2 38.5 t 3.5 39 ! 0.4 
~ 

42.9! 0.7 46 ! o.o * 33.3! 6.8 30 t 1.4 

31.4 ! 5. 7 27 ! 1. 0 49.0 ! 1.5 57! 0.1 * 

33.2 t 1. 9 30 t 0.1 

minima as determined by t tests. 
3 

Cells extracted with digitonin. Cells extracted with saponin. 

Contraction solutions all contained 5 x 10-3 M phosphate buffer 
5 -

7.2) and KCl (I .. 0.02 p). X t SE. 

,_... 
()\ 

-~ 



2t! • pATP 

none 

7.0 

6.5 

6 .. 0 

5.5 

5.0 

4.5 

4.0 

3.5 

!ABLE 21. Percentage of gastroderrnal cells scored ~ £_! ~ ~ function ~ 

4 
~ concentrations of ATP and }!gC1 2 at different Ca levels 

1 2 1 3 -
2Ca • 8 ' 2Ca • 6 ' 2Ca • 4 

-liP sin p E. sin -liE E. sin-1/P 

degrees ~ degrees ~ degrees 

18.0 t 2.9 5 10 t 0.25 24.5 t 5.6 5 17 t 1.05 15.9 t 3.0 5 

29.3 t 1.4 24 t 0.1 22.6 t 3.8 15 t 0.4 20.7 t 3.3 

30.4 t 0.2 26 t o.o 31.3 t 1.0 27 ± o.o 2l.Ot1.7 

23.2 t 1.6 16 * 0.1 21.3. 1.7 13 t 0.1 34.7 t 3.1 

30.0 t 2.9 25 * 0.3 28.7 i' 4.4 23 ± 0.6 32.8 t 4.8 

34.8 t 6. 5 33 ± 1.0 29.2 :t 2.3 24 t 0.2 35.9 t 3.5 

23.4 t 2.7 16 t 0.2 17.2 t 2.0 9 t 0.1 32.4 t 3.4 

25.1 t 3.1 18 t 0.3 18.4 t 2.6 10 t 0.2 34.4 t 2.1 

23.9 t 2.7 16 t 0.2 24.0 t 3.4 17 t 0.4 25.2 ± 3.6 
~·----------------- ---------~~-----"- -------- - -------·---

2 

E. 

~ 

8 t 0.35 

12 t 0.3 

13 i' 0.1 

32 t 0.3 

29 ± 0.7 

34 ± 0.4 

29 t 0.4 

32 t 0.1 

18 ! 0.4 

1 2+ 
Ca buffered with 1 x to-4 l1l EGTA. 2 Cells extracted with digitonin. 3 Cells extracted with saponin. 

4 Contraction solutions all contained 5 x 10-3 M phosphate buffer (pH 7. 2) and KCl (I ... 0.02 pL 5 X t Sf:. 



TABLE 22. 
2 

C II contraction of cell models ___ .....;;...;;;...;;~ 

E;eidermal cells Gastroderwal cells --

;eca .. s1 ;eca .. 4 2ca ... 8 
1 l 2ca • 4 

-1 -1 -1 
sin·1rp sin ..[ft 0 sin ff E. sin rp 2. 0 - .... 

;eMg • pATP de~rees % degrees % degrees % degrees "" /9 

none 23.5 t 1. 7 3 16 t 0.1 3 40.8 t 0.7 43 t o.o 49.4 t o.s 58 t o. 0 60.6 t 2.6 76 t 0.2 

7.0 21. 7 t o. 1 14 t o.o 34.2 i: 1.4 32 t o. 1 53.3 t o.s 64 t 0.0 62.4 t 3.7 79 ± 0.4 

6.5 26.4 t 2.8 20 t 0.2 30.3 t 2.3 26 t 0.2 47.9 ± 0.3 55 t 0.0 67.1 ± 2.4 85 t 0.2 

6.0 27.8 t 2.3 22 t o. 2 . 30.3 t 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 t 0.1 28.4 t 1. 3 23 t 0.1 43.7 t 0.8 48 t o.o 52.9 t 3.3 64 t 0.3 

5.0 27.8 t 6.1 22 t 1.0 25.1 t 4.2 18 t 0.5 51.2 t 7.5 60 t 2.0 46.2 t 3.7 52 t 0.4 

4.5 30.3 t 3. 0 25 t 0.3 48.5 t 4.6 56 t 0.6 59.0 t 1.9 73 t 0.1 55.3 t 3.1 68 t 0.3 

4.0 25.8 t 1.4 19 t 0.1 23.3 t 1.3 15 t 0.1 53.8 t 2.4 65 t 0.2 49.2 t 1.0 57 '! o.o 

3.5 29.3 t 1.7 24 t' 0.1 28.1 t' 0.2 19 t o.o 57.1 t 2.0 70 :t 0.1 58.4 !' 3.1 73 !' 0.3 
··-·· - -~-~ ·--~ ---·-----

1 2+ . -4 
Ca buffered w1th 1 x 10 H EGTA. 

2 
Contraction solutions all contained 5 x 10-3 H phosphate buffer (pH 7.2), KC1 (I • 0.02;u), and ATP'l Cac1

2
• and NgC1

2
. 

J X t SE. 



TABLE 23. Percenta&e of cells of £.1. E1..£! !!! .! function 2!_ 

* Salyrsan concentration 

Epidermal cells Gastrodermal cells 

-lfP sin p .2. sin -liT .2. 

pSal desrees '1. degree.'! '1. 

none 47.5 t 1.0 54 t o.o 38.4 t 2.0 38 t 0.1 

s.o 27.6 t 2.4 21 t 0.2 19.4 t 2.6 11 t 0.2 

4.5 28.0 t 5.1 22 t 0.8 25.5 t 5.2 19 t o.s 

4.0 24.1 t 2.7 17 t o. 2 19.2 t 2.0 11 t 0.1 

3.5 32.3 t 1.5 28 t 0.1 15.9 t 1.7 8 t 0.1 

* In solutions containing ATP, MgCl2, and eac1 2 (all 1 x 10·4 M), 
5 x 10·3 M phosphate buffer (pH 7.2), and KCl (I • 0.021!)• 
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TABLE 24. Percenta~e of cells of ~ .£..1.! !.! !. function 2.!_ 

* Salyrgan concentration 

Epidermal cells Gastrodermal cells 

sln- 1{jf .E. sin-1ff .E. 

pSal degrees % degrees 1. 

none 30.8 ± 1.8 26 ± 0.1 48.1 t 2.5 55 t 0.2 

5. 0 28.1 + 1.5 22 ± 0.1 56.6 t 2.1 70 t 0.1 

4.5 28. 7 t 4.2 23 t 0.5 54.5 ± 4.9 66 t 0.7 

4.0 26.7ti.4 20 t 0.1 54.1 • 0.9 66 • o.o 

3.5 24.8 ± 3.3 18 t 0.3 60.9 ± 1.4 76 t 0.1 

See Table 23 for description of solutions. 
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complexes, ~ Kla· ~ and Z 

Negative logarithms of concentrations 2f 

£ree ~ !US! ..!..!?.!!, s?mElexes 

2-
~ CaATP2 ~ 2+ 

total Ca ~~t MeTP Ca ~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 6.52 
6.00 8.09 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 5.03 
4.52 5.29 4.60 9.12 8.04 4.oo 
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 6.52 
6.00 8.09 6.00 8.48 6.00 6.00 
5.52 7.15 5.54 8.01 6.00 5.54 
s.oo 6.16 5.03 7.54 6.01 5.03 
4.52 s. 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 1.00 10.24 1.00 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 
4.52 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 

I. Hethod of hatching naupl il 2£ Artemia salina 

Brine shrimp were raised at 24°C by seeding ~ teaspoon eg~s 

(Longllfe Fishfood Products) in 2 liters of well-aerated NaCl solution 

(2 tablespoons Fisher certified reagent-grade NaCl per liter of distilled 

water), all in a three-liter beaker. Newly hatched nauplil were 

harvested ln the 1 !ght 48 hours later and rinsed briefly in tap water 

before being fed to hydra. 

II. ~ solutions f2! 2reparation ~ study 2£ models 

The following stock solutions, prepared in glass-distilled water 

(with one exception, noted below), were stored in 100-ml polyethylene 

containers tn the refrigerator (4°C): 

0.05 M KH2P0
4 

(monobasic) 

0,05 M K2HP04 (dibasic) 

0. 2 M tris ~ris (hydroxymethyl )aminomethan~ 

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

MgCt
2 

(1.0 9 o.s, and 0.01 M) 

cact
2 

(0.1 and 0.01 M) 

KCl (1.0 and O.t·M) 

0.01 M EGTA (trade name CHEL DE, donated by Geigy Industrial 

Chemicals) 

0.04 M EDTA 

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

0.001 M Salyrgan (Mersalyl, sodium sallcyl-(t:hydroxymercurl~

methoxypropyl)-amtde-0-acetate, purchased from Mann Research 

Laboratories} 



2. 51. w/v digitonin (purchased from Nutritional Biochemical 

Corporation) in absolute ethanol 

A 0.0251. dlgltonln solution was made by diluting the above stock 

1:99 in glass-distllled water. Dipotassium adenosine·5'-trlphosphate 

(ATP), purchased from General Blochemicats, was kept tn a freezer at 

-10°C and weighed out just before tiling. 

II I. Buffers 

'~of £! Range Reference 
buffer 

1 2 
Kz HPO 4 -KH2 PO 4 6. 81 ' 5.29 .. 8.04 Hale, 1958, p. 73 

trh-HCl 8.081 7.19 .. 9.10 Hale, 1958, p. 76 

imidazole-HC1 6.95 6.2 ... 7.8 Dawson et al. , 1959, P• 

1 
Calculated from Hale's (1958) tables. 

2 

194 



IV. Calculations of KC~ concentration requireq ~maintain! 

specified ionic strength 

In the following example the desired lonlc strength is 0.02F 

for a solution also containing 1.4 x 10• 3 
M KH2P04, 3.6 x 10· 3 

M 

-
3 10·4 M K2HP04 (i.e., 5 x 10 M phosphate buffer, pH 7.2), 1.0 x 

K2-ATP, and 1.0 x 10·4 M MgC1 2 : 

.!2.!!. 

salt 

K+ 

2-
HP04 

K+ 

H2P04 • 

K+ 

ATP4"' 

Mg2+ 

Cl 

concentration valence ll X 2 1-,-
( • cl) ( • xi) fU 

~1 

0.0072 1 0.0036 

0.0036 2 o. 0072 

0.0014 1 0.0007 

0.0014 1 0.0007 

0.0002 1 0.0001 

0.0001 4 0.0008 

0.0001 2 0.0002 

0.0002 1 0.0001 

2 c x • ionic strength 
i l 

wl thout 

KCl .., 0.0134 fJ. 

Therefore, the contribution by KCl to the total ionic strength 

ls 0.02 p. ... 0.0134 fd • 0.0066 !J; and the required KCl concentration 

.. 3 
h 6.6 x 10 M. 

l 



V. ~ and ~!:!. Ca and t!s_ buffers 

Calculations of final concentrations of free Ca and Mg Ions were 

based on the following dissociation constants and solubility product! 

(Geigy9 1958): 

Acidity constants EDTA EGTA 

pKl 1. 99 2 

pK2 2.67 2,68 

pK3 6.16 8.85 

pK4 10.26 9,46 

Stability constants EDTA EGTA 

Mg 8.7 5.21 

Ca 10.7 11.00 

If, for example, the initial concentration of EGTA is 1 x 10•
4 

M, 

-7 and the free calcium ion concentration des ired l.s 1 x 10 M, and the 

pH is 6.8, then the required initial concentration of CaC1
2 

(t.e., 

concentration of total Ca) can be calculated as follows: 

From the following ratio can be derived: 

10-8.85 X 10.9.46 

[!i•] 2 
• 

Using this ratio, together with the stability constant for EGTA 

and calcium, we arrive at the following relationship: 

7'5 



10~11 .. ~a2+) x ~EGTA4-1 .. 
(camTA 2·] 

that ts, [camtA 
2
-) • (ca2+] x ( EGTA 2·) x to6

• 
29

• 

176 

Since the total concentration of roTA is 10"'4 M, and since [roTA
4 

.. ] 

i~ negligible w! th respect to (EGTA 
2
·), it follows that 

(roTA2·] + [carotA2 .. ) .. 1 x 10 .. 4• 

Substituting, 

lCaWTA2
·] ... tca2+] x ( 10·4 .. [cawTA2-] ) x 106• 29• 

If we assume that almost all the calcium present initially as 

2-
CaC12 wlll end up complexed as CaEGtA , that is, 

ltotal Ca] ... [camTA 2·), 

then it follows that 

ttotal ca] • (ca 
2+) X ( 10-

4 
.. (total Ca] ) X 10

6
• 
29 

• 

Rearranging terms, 

10·4 x [ca2+) 
(total ca] ... .;:;..;..._..;;.;;.....:.;;.;;;;........:;;:..--

10-6.29 + (ca2+) • 

It was required that the free ca2+ concentration be 1 x 10·7 M; 

therefore, 

ltotal ca] - -6.29 z+ 10 + Ca 

10·11 

• 10•7 X ( 10Q./l + 1) 

• 10 .. 4 I 6.13 

• 10·4 I to0
•

79 

.. 4.79 
• 10 • 

[total ca]• 1.62 X 10•5 M .. 
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2+ 2+ 2- MrrATP2-. VI. Calculations of concentrations ~ £!__, ~' CaATP 9 ~ • 

T 4- AT 3• 1 A P , ~ _L when £.!!, total £!.• total t!a_, ~ tota 

~ concentrations ~ known 

These calculations were based on Martell and Schwarzenbach's 

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

[2) 

(3] -4.0 
- 10 • 

If the pH is between 6 and 8, then almost all the ATP will exist 

4- 3· 
as ATP and ATP , the relative concentrations of which can be calcu• 

lated from {1]. 

Let [total Ca] • A, 

(total Mg] .. B, 

and [total AtP) ,.. c. 

Also. let (CaATP2·) ... a, 

and [!v!gATP2•) .. b. 

Then [ca2+] .. [total ca) - (caAtP2-] •A - a, 

and [?v!g2+J ... [total tv~g) - [MgATP
2
•) .. 13 - b. 

.. C .. a - b. 

from [1) , (AtP3"') • 106• S ( H +][AtP4·]; 

and (AtP
4
·] + (AtP

3
.) • ( 1 + 10

6
*
5 

x lH+]) x [AtP4'"l • C .. a .. b. 



6.5 r 4- c - a - b 

Let K .. 1 + 10 X r Then, LATP -.. J• K 

-3.6 (A ~ aJ ~c - a - b) 
Equation [ 2] becomes [4] 10 ... 

K a 

-4.0 'B - bl (Q - a - bl 
and equation [3 J becomes [5] 10 ... 

K b 

D i vi d ing [ 4] by [ 5 ] , 

0.4 
10 ... 

a) b 

(B b) a • 

Solving for a in terms of b, 

Ab 
a ... 

10°•
4 

B - 1.512 b 

Substituting this expression for a in [5], 

-4.0 
10 ... 

K b 

Combining terms, 

3 -4 2 
0 • -1.512 b + (4.024 B + 1.512 C + A + 1.512 X 10 K) b 

B ,.. 

+ (.4.024 B C - 10°"
4 

B2 • A B • 10·3• 6 K B) b + 10°•
4 

B
2 

C. 

Dividing all terms by -1.512, 

b3 + c1b2 + C b + C • O, 
2 3 

. -4 
where c1 • -2.660 B - C - 0.6613 A - 10 K, 

2 -4 
c

2 
• 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 J , then K • 1.1995, and 

c. In this case, 

-4 
cl ... -3.660 B - 0.6613 A- 1.1995 X 10 

' 
c2 

2 -4 • 4.321 B + 0.6613 A B + 1. 977 X 10 B, 
3 

and c3 ... -1.661 B • 



79 

When A and B are known, the ~Jbic equation can be solved for b; 

a is then evaluated in terms of b9 and all other tonic concentrations 

are evaluated ln terms of a and b. these concentrations are listed tn 

table 25 for pH • 7.2; rtotal Ca) • 10·8, 

[total ~l • {total ATPl • 1 1e to'"n and 3 

and 4. 

..6 .. 4 
10 , and 10 M; and 


