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Tanre III
LENGTHS AND ANGLES FORMED BETWEEN 5-3' AND 7-7° AXES oF
Bis(5- axb 7-sups1trurEDd S-QriNotNoyto)Covprr(Il3

Augle
A=h"anis =TT axise- formed

Nibstit- Lengch, Sulstit- Length, between
Compil 1ent A 1tent A axes, deg

1 142 8 11.5 i
1V 1 14.2 N, 144 w0

I’ 15.0 It 1.5 [§10]
IVh I 15.0 NO. 14.9 71

1 16.6 IT 11.5 12
Ve (@ 16.6 N0, 14.9 ™

Br 17.4 5 1.5 133
IVd Br 17.4 NO. 14.4 w4

[ 1IN0 5 115 64
[Ve I 15.0 NO. 14.9 s

N0, I~ H 1.5 64

N, 181 N0, 14.9 )

7 Revixion of data veported iy ref 2.

filtration, washed free of acid with deionized Hy0, and dried at
70° overnight. The vield of componnd was 6.4 g (6677), mp
215-218° dec.

Bis(5-fluoro-7-nitro-8-quinolinolato )copper(II) (IVb).-— A =ol-
tion of 12.7 g (0.061 mole) of 5-fhioro-7-nitro-8-uiinolinol in 300
ml of DMF was mixed with a solution of 7.8 g (0.77 mole) of
copper(Il) acetate monohydrates in 600 ml of H.O and the mix-
tire was stirred for 1 hr. The produet was removed by filtration.
waslied (F,0, Me.CO), and dried at 70° overnight. The complex
was obtained in 877 vield, mp >500°.

7-Amino-5-fluoro-8-quinolinol Hydrochloride (11Ib).--~A =uspen-
sion of 20.8 g (0.1 mole) of 5-flnoro-7-nitro-8-quinolinol and 150
mg of PtO, in 100 ml of DMF wus shaken under 5 atm of H,.
After 0.3 mole of Hy liad been taken up the catalyst was retnoved
by filtration and the filtrate was acidified with 20 ml of concen-
trated HCL and dihited witl 5 vol of acetone.  After cooling in a
treezing compartment overnight, the produet was filtered off
and washed (Me,CO) until the wash liguid was nearly colorless.
The componnd whieli was dried at 70° overnight was ohtained in
66 vield, mp >3500°.

7-Nitro-8-quinolinol (Ila).-—A suspension of 5.0 g (0.016
nole) of 3-todo-7-nitro-8-uiinolinel in 125 ml of AcOH was
lieated under reflux with agitation for 36 ir.  Insolnble material
was removed by filtration, and L. was redueced with aqueons
NaHBO;.  The solvent was concentrated to a small volume by
flash evaporation, and the residue was diluted with H.0O.  After
adjusting with 1047 NaOH to pH 5, the produet was obtained by
filtration, washed (HyO)), und dried at 70° overnight. The vield
of compound was 1.7 g (607 ), mp 150°.

Acknowledgment.—Thanks are due to Y. Okaya,
State University of New York at Stony Brook, and
M. La Corte, 1967 summer assistant at Boyee Thomp-
=on Institute, for helpful discussion and for assistance
i caleuluting the data i Table ITI, and to J. N. Fox,
1966 and 1967 summer assistant at Boyee Thompson
Institute, for the antifungal assayvs.

Methyl Triphosphate, a Substrate for
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The investigation of the molecular mechanism of
the myosin-actin-adenosine triphosphate (ATP) in-
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teraction, basic to muscle contraction” muy require ns
4 first step the cluerdation of the mechanizin of the
adenosine triphosphatase (ATD:ase) activity of myo-
s An approach to this problem has been to study
the interaetion with and the hydrolysix by myvosm of a
mimber of compoimnds structurally related 1o AT inan
atterupt to extablish some relationship between the
strueture of the subztrate and the strength of 1t= biul-
ing ax well ax the veloetty of = hvdrolyvsis by myvosin?
Blunr in particulw, after studying vartous mreleoside
triphosphatex. hns proposed that the purine ring and.
more precisely, the 6-NH. group play an important role
in giving to ATV speeifie properties as a =ubstrate for
mvosin. - But myosin ean alzo hyvdrolvze shaple -
phosphates. =uch ax riboze triphasphate®* or even nor-
gamne tripolvphosphate,® and there has beent <onre -
terest i these simple substrates as a means of evahiat-
ing theortex such ax that of Bhnn.

Some tmie ago we synthesized monomethyl tri-
polyphosphate (MTP) by the eondensation of methyl
phosphate and inorganie phosphate in the presence of
dievelohexyvlearbodiimide aceording to the nethod of
Smith and Khorana® At the =ame time Brintzinger
and coworkers® briefly veported that thns compound
could also be obtamed by methylation of inorganice tri-
polyvphosphate.  This simple ATP analog has the
=ante number of acidie groups as ATP. This 1= not the
caxe for morganie tripolvphosphate whose study. fur-
thermore, 1= complicated by its property of giving in-
soluble Ca?~ salts* Rinee then MTP hax attracted the
interest of workers i the myvosin field”

Experimental Section

Synthesis of MTP. - Monomethyl phosphate* idisodin sult
tetrahydrate, 752 mg, 3.3 mmoles) was dissolve:d in 70 ml of
water and converted to thie Tree aeid by passage of the solution
throngh a colnmu «f Dawex 30, 1T+ (50W-N4, 2150 mesh:
35 ml).  The acidie elnate was waken to dryness at 40° e a
flash evaporator and the residue wax further dried overnight
over POy in a vacimm desieeator. Ta 4D ml of adhydrons
pyridine in a 100-ml volumetrie Hasxk was added 482 g (42
mintoles) of S5¢0 ILPO; and 20.9 ml of #n-B,yN and the volimne
was made np to 100 nil with pyridine. The methyl pliosphate
was dissolved i1 30 nil of this solntion and 34 g (165 muoles) of
dieyelohexylearbodiinide was added. The stopperid reaction
mixnire was oceasionally stitred during the first honr, ten left
at room temperatnre for 48 e, The precipitate, which liad begnu
to appear after 30 mio, was filtered off and washed with 250 ml of
[1,0. The combined filtrates were extracted fonr times with 8¢ il
of ether. The etlier extracts were washed with [1.0 (40 md )
The combined agueons solniions were couecetttrated at 26° w
a fash evaporatar imnder liigh vacimnn to a volnme of abont 25 i,
the condensing fla<k being coaled iy -PrOM-Dry Tee. To the
residiie was added H.O 76735 il and the =alittions wax bronght 1o
plT 8.4 by the additicuy of 5 N NaOFH., The volume was made np
to 750 mi with 11.0O).

After filtration, the solntion was fractiongned o 44 % 155

120 ML Ruxtey in S Musele,” WL M, Pand, B 1L Daniel, C0 3L Kay, and
G, Monckton, Ed., Pergammn Press Led., Oxtord, 19635, p 3.

3y (a) J. J. Blui. leh. Biochem. Biophys., BB, 486 t1453): by Y.
Tonomura, K. hyawura, M. lkehara, 1. Uno, and F. Harada, J. Bischem.
"Tokye), 81, 460 (1467,

i4) (a) N. Az:muna, M. lTkebaca, 12, Ohtsuka, avd Y. Tonowmwa, Biockim.
Biophys. Actu, 60, 104 110623 by 15 T. Friess and M. F. Morales, Areh.
Biorkem. Biophys.. B8, 326 + 1155,

15 M. Smith and H. G, Khoeana, J. A ne. Cher Sor.. 80, 1141 (1058,

() P. W. Echneider. 11, Brintzinger, and H. Erlemmeyer, Hele, Chin.
Debe, 47, 992 (1964).

(71 (at J. R, Swanspasuel R 60 Youn( Blocken. Z.. 348, 395 + 1466);
b KL Tmamaera, J. Duke, aand ML F. Morales, Pederaiion Proe. 27, H1U
1L6:83,

1R Available itom Koand X Laboeatoves, Plainview, N. Y.
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em cohimn of Dowex 2 vesin (X8, 200-400 miesh, C17) at 4°,
The entire sample was passed, at 15 ml/min, through the column,
which was then washed with H:O (1 1.) followed by 1 1. of 0.003
N HCl. The fractionation of the products was achieved by
elution, at the same rate, with successive 1-l. portions of 0.003
N HCI containing increasing coucentrations of LiCl, the first
portion being 0.0055 M in LiCl, the second 0.011 M, the third
0.0165 M, etc. One-liter fractions were collected and stored in
the cold room. Total and acid-labile (10 min at 100° in 1 N
H.80,) P were determined on 0.5 ml of each fraction by the
procedure of Bartlett.? The acid-stable P (total minus acid
labile) was found in three well-separated peaks. Peak I (1.8
mg of acid-stable phosphorus) appeared in fraction 4, eluted with
0.022 M LiCl. It was probably a mixture of methyl phosphate
and inorganic phosphate. Peak II (fractions 13-15) contained
23.7 mg of acid-stable P but very little acid-labile P. 1t is
believed to consist primarily of P!, P2-dimethyl pyrophosphate.
Peak III (fractions 27-31) contained approximately 60 mg of
acid-stable P (399, of the starting methyl phosphate). All frac-
tions in this peak had a ratio of total P/acid-labile P of close to
1.5. Inorganic polyphosphates were elnted shortly after this
peak III.

Isolation of the Lithium Salt of MTP.—The fractions of peak
IIT were pooled and brought to pH 7.3 with 1 ¥ LiOH. The
solution was concentrated at 40° in a flash evaporator to about
50 ml, then 64 ml] of MeOH was added. The solution was
filtered through sintered glass and the flask and the filter were
rinsed with MeOH (30 ml). To the filtrate was added acetone
(1880 ml). The precipitate, which formed immediately, was
collected, after 48 hr in the cold, by decantation and centrifuga-
tion and was washed six times with MeOH-Me,CO (1:20) and
three times with dry ether. The product was dried overnight
under vacuum at room temperature over Py0; and weighed 644
mg. Anal. Caled for CH;LiOP;-H,0: P, 29.6. Found:
P, 29.1. The ratio of total/acid-labile P was 1.48. Less than
19, of the P was present as inorganic phosphate. No Cl™ was
detected. Titration between pH 8.5 and 4 gave one acid group
per three P atoms.

Hydrolysis of MTP by Mpyosin.——A sample of myosin from
rabbit skeletal muscle was kindly provided by Dr. G. Richards of
the Department of Nutrition, University of California, Berkeley.
It had been prepared by the method of Tonomura and coworkers!®
and preserved at —18° in 509 glycerol. The protein concentra-
tion was determined by Lowry procedure!! with standardization
by Kjeldahl. Possible changes in the color yield of the Lowry
proceditre were checked using albumin as a standard. A solution
in 0.5 M KCl was obtained after precipitation of the myosin by
diluting with water (10:1), cenirifugation, and redissolution in
anhd dialysis against 0.5 M KCl (pH 8.1 with 1 mM Tris-chloride
buffer). Glass-distilled water was used in all procedures. The
myosin solution so obtained (200 ug/ml) was kept in a plastic
(cellulose nitrate) tube and in ice.

Conditions for the MTPase and ATPase assays were as follows:
0.5 M KCI, 5mM CaCls, 0.5 mM substrate, pH 8.2 (Tris-chloride
buffer 0.02 M), temperature 23°. The substrates were used as
K+ salts, obtained by passing their solutions through a column
of Dowex 30, K+, The enzymic reaction was started by adding,
with magnetic stirring, 0.5 ml of the 3 mM substrate to 2.5 ml of
a solution containing the other components, including myosin
(100 ug). The reaction was stopped by adding 1 ml of a 209
trichloroacetic acid solition. After filtration, Pi was determined
in 3 ml of the filtrate by the phosphomolybdate extraction method
of Dreisbach,'® 4 ml of the xylene--BuOH solvent being used
for the extraction.

The enzymic activity of the myosin, obtained from the amount
of Pi released after a given time and expressed as micromoles of
Pi per minute per gram, was found to be 390 with ATP and 48
with MTP. Azuma and coworkers!s have reported that ribose
triphosphate, another simple ATP analog, is hydrolyzed, also
in the presence of Ca?*, at ohe-twentieth the rate of ATP.
However, we hoted that the loss of activity during storage in
ice was not parallel for the two substrates, the ATPase being
better preserved than the MTPase, After 35 days the ATPase

(9) G. R. Bardett, J. Biol. Chem., 284, 466 (1959).

(10) (a) Y. Tonomura, P. Appel, and M. Morales, Biochemistry, B, 515
(1966); (b) E. G. Richards, C.-S. Cbung, D. B. Menzel, and H. S. Olcott,
ibid., 6, 528 (1967).

(11) R.J. Henry, **Clinical Chemistry, Principies and Technics.,!' Hoeber
Medical Division of Harper and Row, New York, N. Y., 1964, p 190.

(12) R. H. Dreisbach, Anal. Biochem., 10, 169 (1963).
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Figure 1.—Ca?* dependence of myosin methy triphosphatase
Experimental conditions: 0.5 M KCl, 0.5 mM MTP, pH 8.2, 25°

activity was still at 709 of the original valie while the MTPase
had declined to 279;. The loss of MTPase activity with time
appears to be a first-order reaction with a half-life period of
about 19 days in our conditions of storage of the myosin.

The dependence of MTPase activity on Ca?* concentration
is shown in Figure 1. Maximum activity was obtained when
Ca?* was about 5 mM. No activity was observed in the absence
of Ca?*. Green and Mommaerts,'* working in somewhat
different conditions (0.15 M KCI, pH 9.0), have reported an
optimal Ca?* concentration of approximately 1 m3 in the case
of ATP.

Acknowledgment.—I am indebted to Dr. J. Eiler
and to Dr. M. Morales who sponsored this work and to
Dr. G. Richards for gifts of myvosin and much helpful
advice.

(13) 1. Green and W, F. H. M. Mommaerte, J. Biol. Chem., 210, 695
(1954).
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The development of fluorogenic substrates for histo-
chemistry of normal and cancer cells is of importance
because of the inherent sensitivity of fluorescence
measurement, over that of the absorbance measure-
ment. Several years ago, Rutenberg, et al., reported?
the use of 2-hydroxy-3-naphthoic acid anilide phos-
phate for histochemical demonstration of phosphatase.
Because of the presence of a small amount of naphthol-
AS, a simultaneous coupling procedure was recom-
mended and fluorescent study was not possible. A
more detailed study was therefore undertaken in order
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