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SUMMARY

The rotatory dispersions of inosine monophosnhate {(E¥MP), inosine diphosphate (IDP),
and inosine triphosphate {ITP), have been determined and interpreted to indicate
a folded structure of the [TP molecule. somewhat similar to that suggested for the
ATP molecule. From the results obtained for the rotatory dispersion of I'TP and ATP
in the presence of Ca, Mg, or Zn ions, it appears that at pH 7 the combination of
ATP with either Ca or Mg dones not influence the optical symmetry of the molecule,
but with I'TP the combination with magnesiwim resulis in a product thist has similar
optical rotatory characteristics to ATP. These observations suggest configurational
relationships that allow correlation of the physiclogical activities of the two molecules,
The apparent alteration of the configuration of the ATP molecule in the presence
of Zn ion may be used to suggest a conhguration.] mechanisia {or the action of Zn
ion on the 5-nucleotidase enzvme of cobra venom.

INTROQDUOTION

In a previous communication' an assignment of a structuie for the adenosine tri-
phosphate (ATP) molecule in solution was made from a consideratien of the rotatory
dispersion characteristics of ATP and some of its derivatives. £t was further proposed
that this structure may be related to the function of the molecnle. Work by SzewT-
GyORrRGY1? with fluorescent dyes led to a similar proposal for the relation of the
configuration of ATP and its function,

There are numerous questions raised by such proposals. If ATP configuration
and function are causally related, it sheould then be possible to demonstrate simijlar
structures for compounds known to behave in an “ATP-like” manner. One such
compound is inosine triphosphate {ITP) which under appropriate conditions may
react in a maoner similar to ATP; but under other conditions demonstrates either
reduced or negligible “ATP-like’ activity.

In this communication the results of the investigation of the rotatcry dispersion
of inosine and its derivatives inosine phosphate {IMP), inosine diphosphate (IDP}
and inosine triphosphate (I'TP) are reported. Further, the effects of calcinm, zinc
and magnesium ions on the rotatory dispersion of both ITP and ATP are reported.
Using these results, an attempt is made to correlate the proposed structures and
changes in structure with known physiological function of both molecules.
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METHODS -

The method for the determination of rotatory dispersion has been described elsewherel.
Bricfly, however, the optical rotation is determined by means of a Rudoiph spectro-
polarimeter at wavelengths between 3200 A and 6000 A in increments of zoo A. In
each experiment the square of the wavelength of the light used (4?) is plotted as a
function of the reciprocal of the specific rotation (1/[a]). The resulting graphs are
inspected visually to assure that there is no significant deviation from a straight line.
The data are then fitted by the method of least squases to obtain the slope (K,,;) and
the intercept (47). From this latter value the so-called critical frequency (4c) is
calculated. The standard deviation of both the slope and the intercept is calculated
for each determination. The data are then presented in table form with the slope
{# ) and the critical frequency (4¢) reported for each experimental condition.

The rotatory dispersion of inasine, IMP, IDP and ITP was determined in M/135
phosphate buffer solution. In all experiments the final concentration of solute was
0.5, and the temperature was 23 = 1°. The pH of the solution was varied by the
addition of concentrated HCI or NaOH. The volumes of acid or base required were
not enough to affect the concentration significantly.

In the experimoents in whiclh: metal ions were added to the solutions, the solute
was first dissolved in water to a final concentration of 0.5 2, and the metal ion was
added in the form of the solid chloride salt. The final ionic strength of the solution was
then made equal to that of ihe samples in which phosphate buffer was used. The
metals were added in equimolar proportion with the ITP or ATP to give maximum
opportumity for binding to take place.

Solutions of ATP and solutions of ITP were investigated in the presence of Zn,
Ca, and Mg ions. Solutions of AMP and ADP were investigated in the presence of
Zn jons and solutions of IMI* and IDP were investigated in the presence of Mg ion.
Since the icnic strength of solute-metal solutions was thet of the solute-buffer solu-
tions, comparisons were made in each case between these two sets of conditions.
By this method the ionic strength of the solution could be eliminated as a variable.

The rotatory dispersion values of AMP, ADP and ATP in both water and buffer
solutions were found to agree with the values reported by LEVEDARL AND JAMES!

RESULTS
Table I contains values of 1. and &,, for inesine, IMP, IDP and ITP at pH values of
1, 3. %, 8 and q.

The interpretation of these data as attempted in this publication depend on two
assumptions. These are: (1) changes in A, values arise from changes 1n the sum of
the vicinal forces acting on all optical centers of the molecule or from changes in the
over-all symmetry of the molecule and (z) the absolute value of K, is to a first
approximation a measure of the over-all symmetry of the molecule. Hence low abso-
lute values of K, indicate a high degree of optical symmetry in the molecule where
the optical symmetry may result from balancing of the various vicinal forces or from
changes in the gross shape of the molecule or both. Changes in the so-called character-
istie frequency are undoubtedly very complex and are not subject to a simple inter-
pretation. However, it does appear that the value of the slope () bas theoretical
significance’.

References p. 308.



voL. 34 (19509) METALS AND ROTATORY DISPERSION or ITP axp ATP 305

TABLE I

INFLUENCE OF pl o A, AND I, OF INOSINE AND ' ERIVATIVES

+H Frosine I'IH" mp e
1 FRNELY) 2478% -+ 33 2767 = 23 2880 - 164 2485 - 121
Ky-10-8 — .23 - 0043 — 5.61 - p.oS — 4.3 -i- 0.083 —5.08 - 0061
3 Ae (9 2363 -1 34 2373 5 I0 T4 £ T4H 2278 .- 28
Hp-10-4 —T13.75 - €079 —- 8.0 - 0073 e IE S S XA L) —7.4% = 0,052
7 de () 2345 - 41 1232 - a1 00y S Egg 2545 == 79
Ku-1o-8 —-Tgt) 40073 —teh8 b oogd — 746 4 oogy - 628 - oobs
8 AN 2393 - 25 2253 = 45 2348 = 70 2462 - 61
. Wy 108 —15.32 - 010} -—~10.31 o 0037 —7.00 - 0055 —7.02 * .061
-9 e () 2321 i 22 22360 4 62 1530 = 37 2358 1 74
Nopm10—8 —I7.%5 = 0050 —11.28 - 0072 S13 i ojh —7.40 -- 0.055

In an attempt to give an over-all interpretation to the data of Table 1 it is im-
mediately apparent that there are numerous compiex changes occurring. To date
no over-all unifying interpretation has been possible; however, conservative inter-
pretation of the data would indicate that the principle change in the A, values occurs
with IMP and IDP, with a much smaller change occurring with I'TP, at pH 1. Such
action is subject to the interpretation that the shift in 4. at pH 1 can be explained
in terms of ionization of the phosphate groups and thus there is no shift in the A
value for inosine. A folded structure for ITP would permit intcraction of the hydroxyl
group at position 6 of the molecule with the terminal phosphate group and in this
way suppress, or at least alter, the shift in A, that would result from the phosphate
ionization that is apparent with IMP and IDP.

In general, the trend of the K, values is to chow that the optical symmetry of
the molecule increases as phosphate groups are added {(IMP — IDP — ITP). This
argument is in excellent agreement with the concept of a folded structure for the
ITP molecule.

Studies of muscle contraction have shown both Ca and Mg ions are involved in
the action of ATP or ITPY These ions are also necessary for the ATP-ase activity of
myosin while Zn ion has been implicated in the ATE augmentation of 5-nucleotidase
activity of cobra venom?®. I'TP could not substitute for ATP in this latter role. It was,
therefore, decided to determine the effect of these metals on the rotatory dispersion
of both ATP and ITP. The data of Tables I and IIT represent the results of thisstudy.

It is evident from the data of Table II that at the pH value of most interest to
the physiologist, namely pH 7, the addition of cither calcium or magnesium to ATP
does not influence the rotatory dispersion. There is, however, a significant change in
the symmetry of the molecule when zinc is added to the solution. In a similar consider-
ation of the data of Table [I1 it is apparent that ITP interacts at pH 7 with both
Ca and Mg ion in such a manner as to influence the optical symmetry of the molecule.
The interaction with calcium leads to greater optical symmetry while the interaction
with Mg leads to an apparent relaxation of the molecule and decreased optical sym-
metry., The result of this relaxation is 4 combination that possesses rotatory dispersion
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characteristics that are the same as those of the ATP molecule within the statistical
significance of the data, The data at pH’s 5 and g are given simply to bracket the
pH value of interest and will not be discussed further except to say that the apparent
configurational changes that occur would probabl have to be explained on the basis
of the salt type bonds that would be formed at these non-physiological pH values.

Since interactions of interest were observed between Zn with ATP and Mg with
ITP, the nature of the interaction was studied further by investigating the abilities
of IMP and IDYF to interact with Mg and those of AMP and ADP to interact with
Zn. The results of these studies are given in Table IV.

It appears that the optical symmetry of the diphosphate compounds as well as

TABLE 11

INFLUENCE oF pH AND METALS ON Ac AND A, aF ATDP

it Zn La Mg Puffer
5 7o (A) 2530 2 36 2483 - 123 2482 L 88 2328 . 18
Ky -10-8 —6.17 4 0004 —&.89 - o.107 — (.71 == 0.075 —7.58 2 c.o4
7 i (A) 2574 - 121 2434 - 72 2350 4 101 2332 4 63
Kp-ro* —5.84 - o.og8  —7.51 =-0.05¢ —-7.78 4 v.055 —7.97 - o.32
9 i (V) 2547 & N1y 2278 & 57 2521 2 147 2364 = 34
Ky-1078 —06,43 4+ 0.059 —8.12 4- 0,052 —6.45 -+ 0.003 —8.28 - 0,14

TABLE 111

IXFLUENCE OF PLL AND METALS OX Z: axn A, oF ITD

FH 7 “n Cea My Buiier
- — .
5 A (A) 2360 L 86 2434 = 4G 2333 £+ 341 2174 % 35
Ky 1078 —06.65 - 0056 —5.84 -- 0059 —06.33 - 0,024 —7.75 - 0.029
7 e (.’\) 2396 + 36 2367 ' 47 2043 - 122 2412 -} 63
K- 108 — .00 -~ 0.05 —6.43 - 0.0350 —7.54 & 0.003 -~7.00 L 0,06
o A () 2005 - 75 2437 & 74 2193 £ 115 2358 = 74
Hy-1079 —3.91 : 0.084 —7.1¢9 %0050 —7.83 - 0002 —7.40 & 0,055

TABLE IV
THE INFLUENCE OF METALS OX A, AND Ry OF MONO AND DI PHOSPHATE COMPOUNDS AT PH 7

e FLars gMP AbP
Buffer i (A) 2232 - 41 2040 - 144 2500 4 60 2346 & 52
Kp-10-8 —10.68 + 0058 —7.40 = 0.044 —11.04 4 0.22 —0.0b 4 o.11
Metals added i, (L) zogz + 120" 1592 -= 85" 2301 -~ 56°° 2381 o 64"
K168 —10.61 - 0062 —R8.77 2 0,050 —12.23 -k 0,24 —7.89 4. 0,082

" Mg ion added,
** Zn ion added.
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that of the triphosphate compounds is influenced by the presence of the metal ions.

The optical symmetry of the monophosphate compounds, however, is not influenced
by the presence of the metal ions,

DISCUSSION

The fact that both inosinc and adenosine phosphated compounds form stable
complexes with metal ions is well known?®. The use of rotatory dispersion to investigate
these complexes is not for the purpose of identifying the complexes, but rather is to
elucidate if possible the influence of the added metals upon the configuration of the
complex.

Toward this end it should be noted that while L'TP i3 less ctfcctive than ALL o
producing muscie contraction, the addition of Mg ion tu the preparation results in
ATP and ITP both being about equally cffcctivet. Considering the results of the
present researches in this regard, it is of interest that the addition of Mg ion to ITP
solutions results in a I, of the dispersion pattern that is the sane as that of ATP
within the statistical reliability of the method. This implies that the two molecules
have similar optical symimetry and permits the possibility of a similar configuration
under conditions where the physiological activities are simnilar.

The extension of the rotatory dispersion studics to metal interaction with the
mono- and diphosphate compounds permits some speculation as to the configuration

of the complexes formed. Construction of molecular models of the compounds under
investigation shows that the folded configuration of both the di- and triphosphated
structures of either inosine or adenosine woidd permit a structure that could bhe
stabilized by incorporation of a metal ion between the terminal phosphate group,
and the substituted group at position 6 of the molecule. With the monophosphate
compound the distance between the phosphate and the substituted group at position
6 is so great that the metal ion could not bridge the gap. Such a model is in excellent
agreement with the data from the rotatory dispersion studies.

It is of course obvious that the present studies have no bearing on the possible
interactions between metal ions and proteins. This latter type of action may well
be the important factor for stabilization of a protein-metal-ATP structure. The present
researches would conform to a modetl in which once the proper “ATP-like™ structure
is achieved, it would then bind to the protein perhaps through another metal bridge
to produce a physiologically active compound.

Recently K aviE® has described a situation in which removal of Zn ion from cobra
venom resulted in a two-fold increase in 5-nucleotidase activity. Readdition of the
Zn ion reversed this effect. From his resulis he deduced that an ATP-%n complex
was formed and the ATP was removed from the system by this process. The removal
of the ATP, which was necessary for the enhancement of the 5-nucleotidase activity,
then resulted in a decreased enzyme activity. ITP couid not substitute for ATP in
this system.

The results presented in this communication support the idea of the Zn-ATP
complex at all pH values studied. The complex formed is obviously quite different
configurationally than the original ATP, and if the integrity of the ATP structure is
necessary in the 5-nucleotidase system, the ATP could be “removed™ simpiy by the
configurational changes that occur in the interaction with the Zn ion, Our results
Refevences p. 705,
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would be compatibie with those of Kavr for the ITP also since no Zn-ITP complex
is observed and it could not compete for the zinc present thereby releasing the ATP,

nor is ITP configurationally satisfactory, with or without Zn ion, to substitute
dircetly for the ATP.
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AN IMPROVED METHOD FOR THE DETECTION OF
N-ACETYLAMINO SUGARS ON PAPER CHROMATOGRAMS
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GUMMARY

The detection of N-acetylamino sugars on paper chromatograms has been made more
sensitive by the use of an cthancl-borate spray, followed by steaming and spraying
with a modificd DMAB spray. As littic as 1 pg of N-acetviglucosamine can be detected
on paper. By extracting the cnloured complexes from: the paper, the method can be
adapted for quantitative studies. The thethod was applied to the detection of acetyi-

amino sugar compounds in partial acid hydrolysates and lysozyme digests of bacterial
cell walls,

INTROUDUCTION

PARTRIDGE? demonstrated that the reagents used in the MorGaN AXD ELsox® reaction
for N-acetylamino sugars could be adapted for the detection of these compounds on
paper chromatograms. The stability and yield of the coloured complex formed under
the conditions of the N-acetylamino sugar reactions is susceptible o such factors as
the duration of heating with alkali, the presence of salts, the concentration of hydro-
chloric acid in the $-dimetbylamino benzaldehyde reagent?-4. It is therefore not
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