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The clecrrosratic fields of the subunits of DNA are prcsentcd and compared with the corresponding ulcctroaxtic powntinls. 
Eifferences are obsewed between these IWO properties. due to their different dependence on distance. bbhich are of 
considrrable interest since. whereas the potential may be used in studying the rrackvity of molecules towards charged species. 
the field can be a similar Suide to aback by neurral. dipolar molrcules such 3s wa~r. It is demonstrated. far the example of the 
purine and pyrimidine bases. that the field may indeed be used IO detect preferential hydralion sites. 

1. Introduction 

The significance of the electrostatic properties 
of nucleic acids and their constituents as a guide 
to their reactive behavior has. in recent times. been 
clearly demonstrated [1.2]. Attention has been 
centered essentially in this respect on the molecu- 
lar electrostatic potentials, which were studied in 
detail for various conformations of DNA (ref. 3 
and references quoted therein) and for one trans- 
fer RNA . tRNAPh’ [4,5]. These potentials led to 
many insights into the experimentally observed 
reactive properties of these biopolymers towards 
charged attacking species, most generally elsctro- 
philes. Recently, we have extended our studies to 
the computation of the associated molecular elec- 
trostatic fields [6-S]. an extension which. besides 
its intrinsic interest. should be particularly useful 
for exploration of the interation of nucleic acids 
with neutral, dipolar species. Thus, whereas the 
potential enables us to ascertain the electrostatic 
energy of a point charge under the influence of a 
macromolecule. this energy being simply the prod- 
uct of the magnitude of the charge with the local 
potential, the field enables us to obtain the electro- 
static energy of a point dipole. by calculating the 

0301-4622/83/0000-OOOO/SO3.00 C 1953 Elsevirr Biomedical Press 

scalar product between the moment of this dipole 
and the local field. Because of the po!yanionic 
nature of nucleic acids, the electrostatic compo- 
nent of their interaction energy with an attacking 
species is generally dominating and often exerts a 
strong influence in favoring a particular reactive 
site. Thus, provided the attacking species is not 
too large or complex. the field should be a good 
guide to the behavior of neutral molecules of a 
dipolar nature. in the vicinity of the macromole- 
cule. One species which falls into the latter cate- 
gory, and which is of no small biological impor- 
tance, is the water molecule. 

It should be noted that this use of fields implies 
a sirrple point-dipole model for water which might 
be thought. a priori, to be an oversimplification. 
We shall show by comparison with calculations 
involving accurate multicenter multipole expan- 
sions that rather satisfying correlations can never- 
theless be obtained. This technique should thus be 
quite useful particularly as it can be applied. with 
relatively little expense, to macromolecular sys- 
tems. 

Work has begun to this end in our laboratory 
and several studies treating the distribution of the 
electrostatic field around B-DNA [6], A-DNA, 



Z-DNA [7] and tRNArhC [S] have been reported. 
These studies have clearly demonstrated that there 
are important differences between the distribution 
of the potentials and that of the fields of nucleic 
acids and that. in consequence. the confusion be- 
tween these two measures, often encountered in 
discussions of electrostatic properties. must be 
avoided. 

In order :o interpret these differences for nucleic 
acids. it is useful to understand the differences 
which already exist at the level of the component 
parts of these macromolecules, namely the bases. 
phosphates and sugars. This is the aim of the 
present publication. in which the electrostatic fields 
surrounding each of these subunits are described 
and compared to the corresponding potentials. 
which have been previously presented in the litera- 
ture 11.2.9-IL?.]_ It further gives us the opportunity 
to test the usefulness of electrostatic fields in pre- 
dicting preferential hydration sites of the bases. by 
comparison with the sites determined in a series of 
earlier publications from this laboratory through 
calculations of the interaction energies [13.14]. We 
have chosen. in these studies. to limit ourselves to 
the conformations of the subunits corresponding 
to the most common ahomorph of DNA. namely 
B-DNA. as given by Arnott and Hukins [ 151. 

2. Method 

The formuiae used to calculate the potential. V_ 
or field. E. of a mofecuie are given below. Each 
contains two terms. the first due to the nuclei of 
charge Z,, at a distance of r,, from the point of 
calculation. P. and the second due to the electronic 
distribution p(i) whose volume element d? is at a 
distance of rIr,. 

The field is simpIy the derivative of the potential 
with respect to distance. but this interrelation has 
two important consequences. Firstly. whereas the 
potential is a scalar quantity. the field is vectorial 

and, secondly, the field of a molecule will fall off 
much more rapidly with distance than its poten- 
tial. 

In order to obtain the nuclear contribution to 
the potential or field it is only necessary to know 
the nuciear coordinates, but to obtain the elec- 
tronic contribution it is first necessary to calcufate 
a molecular wave-function from which the corre- 
sponding electron density may be extracted. This 
requires quantum calculations and we have em- 
ployed, in al1 our electrostatic studies, ab initio 
self-consistent field (SCF) wave functions of rea- 
sonable accuracy [ 161. 

In calcutating the electrostatic properties of 
nucleic acids it is clearly impossible to obtain a 
wave-function for the entire macromolecule. In 
order to overcome this difficulty. a technique was 
developed which consists of dividing the mac- 
romolecule into a number of subunits. small 
enough to be treated by the SCE formahsm, and 
then superposing the properties, potential or field. 
of these subunits. appropriately oriented in space. 
to generate the macromoiecular properties [I]_ The 
subdivision of the macromolecule is made in such 
a way that the resulting electronic perturbations 
are minimized. which for nucleic acids implies 
divisions at the gIycosidic bonds and at the back- 
bone linkages C,.-0,. and es.--O,.. Saturation of 
the resulting free valencies with hydrogen atoms 
yields the subunits that we have used in a11 our 
studies of the nucleic acids. namely. the bases (in 
the case of the WNAs guanine. adenine. cytosine 
and thymine). an anionic phosphate, H,PO; and 
a sugar. which. however. lacks its 3’. and 5’-hv- 
droxyl groups. since these groups are. by the na- 
ture of the subdivision. associated with the phos- 
phate_ It is these subunits that we shall study in 
the present publication. using the conformations 
corresponding to B-DNA due to Arnott and 
Hukins [ 151. 

Since the calculation of electrostatic properties 
with the formulae given above is. nevertheless. 
rather time consuming. due to the integrals in- 
volved in the electronic term. it is advantageous to 
replace the continuous electronic distribution by a 
discrete multipole expansion. Such an expansion, 
termed OMTP or Overlap MulTiPole expansion. 
has been developed in our laboratory f 17- 191 and 



R. Laaqv er al./Elecrrosta:ic field of DNA 77 

consists of a multipole center on every atom and 
at the midpoint of every atom pair. each center 
having a monopole. a dipole and a quadrupole 
(details of these expansions may be obtained from 
the authors upon request). This expansion allows 
accurate potentials or fields to be obtained down 
to 2 A from any constituent atom of the molecule 
Under study [20]. Below this distance penetration 
effects invalidate the multipole representation and 
exact potentials or fields must be calculated. In the 
present publication we shall only discuss results 
beyond this boundary. 

The electrostatic potentials and fields are 
calculated in planes, the values of these properties 
being indicated by various degrees of shading, 
darker zones corresponding to more negative 
potentials or stronger field intensities. Zones closer 
to the subunits than 2 A, for which the electro- 
static properties are not computed_ are indicated 

by bounded blank regions. For each of the bases, 
two calculations are performed. Firstly. the poten- 
tials and fields are determined in the plane con- 
tair,ing the base, the results henceforth being 
termed ‘in plane’, and secondly. the same proper- 
ties are calculated in a plane parallel to the first, 
but distant from it by 2 A, the results henceforth 
being termed ‘parallel plane’. The latter calcula- 
tions enable investigation of the electrostatic prop- 
erties of the m-electron clouds of the bases. For the 
phosphate, on!y one plane containing the phos- 
phorus atom and its two anionic oxygens is treated. 
and for the sugar, we also study a single plane. 
passing through its ring oxygen. O,., and per- 
pendicularly bisecting the bond CI.-C,.. The lztter 
two planes each contain the strongest calculated 
fields of the corresponding subunits. 

Since the fields are vectorial quantities_ we also 
indicate the field directions around the subunits 
with the aid of three symbols: a triangle (A) which 
indicates field vectors pointing out of plane and 
upwards by more than 30” from the plane studied, 
a distorted cross ( ) which indicates field vectors 

pointing out of plane and downwards by more 
than 30” and an arrow for vectors which are 
within 30° of the plane. Each of these symbols is, 
moreover, oriented to indicate the direction of the 
field component in the plane (in the case of the 
triangle and the distorted cross. this direction is 

from the broader end of the symbol to its nar- 
rower end)_ 

The units that will be used for the fields are 
V/A and, for ease of comparison. we give the 
potentials in V. rather than in the unit we have 
previously employed. namely. kcal/mol. The con- 
version to the latter unit demands only a muitipli- 
cation by the factor 23.06. 

The preferential hydration sites of the DNA 
bases that we will refer to are the results of mono- 
hydration studies performed by calculations of the 
electrostatic energies of interaction [13]. It has 
been verified [ 141 that these calculations are capa- 
blz qf reproducing very well the favored positions 
of hydration obtained with full quantum calcu- 
laiions in the ab initio SCF supermolecule ap- 
proach_ 

3. Results and discussion 

The electrostatic potentials and fields of the 
bases, guanine. adenine. cytosine and thymine, of 
the phosphate and of the sugar are presented in 
figs. 1-6. The detcrils of the shadings used in these 
figures are given in ‘able 1. while the maximal and 
minimal potentials (ii.dicated by the letters M and 

X in the figures) and the maximal field intensities 
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are given in table 2. In each of the figs. l-6 only 
the heteroatoms of the subunits are lettered. but 
the full standard atom notations may be found in 
fig. 7. which also summarizes the preferential hy- 
dration sites of each subunit (see refs. 13 and 14). 

3.1. Gttarrine 

The results for guanine are contained in fig. 1. 
the upper three diagrams giving thaz distribution of 
the potential (a). the distribution of the field inten- 
sity (b) and the field directions (c) around the base 
for the in plane calculations. and tne lower three 
diagrams (d. e and f) giving the corresponding 
results for the parallel plane calculations (the same 
presentation is maintained for the other three bases 
studied)_ 

The most negative potentials (the dar!cest zones) 
in the plane of guanine (fig. la) are seen to be 
associated with the electronegative atoms N7 and 
06, somewhat weaker potentials being ca!culated 
close to N3. These two zones are separijted by 
positive regions around the hydrogen atoms of the 
base. The field distribution (fig. lb) also shows 
two more intense zones, but these are concentrated 
closer to the base than those of the potential. 
Further, the zone associated with atoms N7 and 
06 is stronger close to atom N7, whereas the 
potential is more evenly distributed between the 
two atoms. This may be interpreted as the first 
illustration of the more rapid decline with dis- 
tances of the field compared to the potential: the 
potentials due to N7 and 06 thus superpose to 
yield large magnitudes between these two atoms, 
even at a re!atively appreciable distance from the 
base. whereas the shot-.-r range field will be strong 
only close to the individual centers of high elec- 
tron density. Note also that the closeness of these 
two centers of high eiectron density leads to the 
strongest potential (but not to the strongest field. 
see table 2) among all the bases studied. The field 
direction (fig. lc> gives a relatively simple image: it 
always lies in the plane of the fla: base. pointing 
towards regions of high electron density and away 
from regions of low density. The field thus points 
almost radially towards the centers N7, 05 and 
N3 but outwards from the base hydg-ogen atoms. 
These outward pointing fields turn back further 

away from the base to point towards the high 
electron density regions, thus making the overall 
field directions of guanine similar to those of a 
simple dipole. 

The results in the parallel plane are somewhat 
different. The potential (fig. Id) is now strong only 
over the atom pair N7, 06 and is most positive 
over the N2 amino nitrogen. The field intensity 
(fig. le) is rather concentrated over 06 and is 
somewhat weaker for the regions above N7 and 
N3. It is a general feature that. out of the molecu- 
lar plane. the fields due to carbonyl oxygens are 
stronger than those due to the pyrollic ring nitro- 
gens. The field directions (fig. If) still have a 
rather dipolnr character, pointing up away from 
the hydrogens of the base and down towards the 
efectronegative atoms. Table 2 shows that the 
magnitudes of both the negative and oositive 
potentials and of the fields associated with the 
base are considerably weaker out of the molecular 
plane and this is also the case for the other bases 
studied. 

If we now compare the preferential hydration 
sites of guanine as obtained in ref. 13 (fig. 7a) with 
the preceding electrostatic properties it is seen that 
the distribution of the field is a very useful guide 
for determining these sites. Firstly, the fields sur- 
rounding guanine are much stronger in the plane 
containing the base than above and below it (see 
table 2. the same is true for the other three bases 
as well) and it is in this plane that the principal 
water-binding sites are found. Four strong water- 
binding positions have been located, the first 
bridging the atoms N7 and 06, the second and 
third on either side of Nl-H and the fourth be- 
tween N3 and N9-II. Each of these zones can be 
seen. in fig. 1 b. to be associated with strong fields. 
in contrast. the potential is seen to be really strong 
on!y between N7 and 06 (where it is negative) and 
beyond Nl-I-I (where it is positive). Strong water 
binding between 06 and NI-H or at N3 would 
thus not be easy to predict. 

Moreover. the field allows the orientation of the 
bound water molecules to be easily understood. If 
the water molecule is replaced by a point-dipole 
model. this dipole. which is centered close to its 
oxygen atom and directed towards the midpoint 
between its two hydrogens, can clearly be seen to 



align with the local field (compare lvith fig. lc) for 
each of the observed binding sites. 

purine (3.2 debye) is considerably weaker than 
that of guanine (6.9 debye) [21]. 

In the parallel plane of adenine (fig. 2d). there 
_>.-. ’ 7 A&nine 

The potential for adenine in the plane of the 
base (fig. 2a) shows three zones of negative values 
associated tvith the atoms N3. N7 and Nl. the 
minimum occurring close to N3. The field (fig. 2b) 
also has three similarlv located intense regions. 
but. as for guanine. th&e are more concentrated 
close to the base. Because of the existence of three 
zones of strong negative potential around adenine. 
rather than t\vo as in the case of guanine. the field 
directions for adenine (fig. 2c) no longer have a 
simple dipolar character and it is thus understan- 
dable that the measured dipole moment of this 

is one continuous zone of negative potential cover- 
ing N7. Nl and N3, while the positive potentials 
occur principally over N9 and C8. The distribu- 
tion of the field intensity (fig. 2e) once again 
shows the influence of the shorter range of the 
fields. the continuous zone seen for the potentials 
over N7. Nl and N3 being split up into three 
small isolated zones. There is also a fourth zone of 
strong field over the hydrogen of N9. for which 
the potentials were remarked to be relatively 
strong. but positive. The difference between this 
zone and the other three can be seen from the field 
directions (fig. 2f). which show upward pointing 
field vectors over N9-H. but downward pointing 

-=I: (d) padmliai 

(b) Fiok3 inhnsity 
__~_ 

I 
(0) Field intensity 

(c) Field dim&on 



ones over the three atoms with the high elec:ron tions exist where the HOH plane IS either parallel 
densities. or perpendicular to the plane of the base. The 

It is interesting to note that the strongest field correlation with the field distribution in fig. 2b is 

intensity calculated in the molecular plane. for the clear, three strong field zones being visible in the 
four bases studied. is associated with adenine, binding positions_ By comparisoii with the field 
whereas out of this plane this base manifests the directions in fig. 2c, the bound water dipoles can 
weakest maximal field. This surprising reversal be seen to be closely aligned with the local field. If 
may be attributed to the alternation of regions of water is again considered as a simple dipole (point- 
positive and negative potential around the periph- ing from its oxygen atom to the midpoint of its 
et-y of adenine. which close to the base yields high two hydrogens). the existence of water-binding 
potential gradients i.e.. fields. but further away sites with similar energies. \vhere the only change 
(for example. out of plane) rapidly cancel and give in configuration is a rotation of the water hydro- 
rise to only weak l&ids. gens out of the plane of the base, can easily be 

The preferential hydration sites of adenine are explained as such a rotation will not affect the 
shown in fig. 7b. Three sites were found. between alignment of the water dipole with the local field. 
N7 and the amino group N6. between Nl and the In the case of this base. the distribu:ion of the 
amino group and between N9-H and N3. In each potentiai (fig. 2a) also shows three zones of strong 
of these regions. closely related water configura- negative values close to the binding positions. 
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Fig. 3. Electrostatic properties of c>tosinr. In the molrculur plantx (a) poknrial. (h) field intrmity. Cc) field directions. In the p~r:diel 
plnnr: (d) potential. (e) field intensity. (f) field directions. 



However. that associated with N7 is weaker than 
the other two. whereas the water-binding energy is 
seen to be strong at this position (this is also the 
case for the field intensity). It should further be 
noted that the binding energy of water at N3 of 
adeninc is the strongest of all the base sites and it 
is also at this position that the strongest of the 
base electrostatic fields is calculated. (The poten- 
tials are. in opposition. considerably stronger for 
the N7 site of guanine). 

_ .J. 3 ’ Cj.fosirL. 

This base exhibits only one zone of strong 
negative potential in the molecular plane (fig. 3a). 
located between its carbonyl oxygen_ 02_ and its 
pyridine-like ring nitrogen_ N3. the potentials sur- 

rounding the rest of the base being only weakly 
negative or positive_ The field distribution (fig. 3b) 
is once again more concentrated around the base 
and. moreover. is split into separate zones around 
N3 and 02. The latter of these two zones extends 
considerably further around the carbonyl osygen 
than the corresponding poter.tial zone. which is 
partly due to the influence of the NI-H field 
contribution and also. probably. to a greater dis- 
tinction bet\veen the two 02 lone-pair directions 
in terms of field than in terms of potential. The 
field directions (fig. 3~). like those of guanine. 
show a clear dipolar character. corresponding to a 
dipole pointing from 02 towards the bond C5-C6. 

In the parallel plane of cytosine. the distribu- 
tion of the potential (fig. 3c) is similar to that in 
the molecular plane. but the distribution of the 
field (!‘ig. 3e) shows strong values over more ex- 
tended zones covering 02 and N3. the maximum 
over 02 being the strongest of the values calcu- 
lated in the parallel planes for the four bases 
studied. The field directions (fig. 3f) point up- 
wards in a semicircular zone extending from the 
amino group to Ni and downwards over 02 and 
N3. as might be expected on the basis of the rather 
simple distribution of potential of this base. 

Fig. 7c shows that there are t\vo principal 
bvater-binding positions around cytosine. the first 
between 02 and N3 and the second between 02 
and Nl-H. The former site corresponds to the 
zone of the most negative potential (fig. 3a) and 

also to a zone of intense field (fig. 3b). but for the 
second site. only the field distribution has a corre- 
sponding maximum. Once again the orientations 
of the water molecuIe could be predicted very well 
from the electrostatic field vectors (fig. 3~). 

The in-plane potentials of thymine (fig. 4a) 
sho:v two strong negative zones over its carbonyl 
oxygens. 02 and 04, while on the opposite side of 
the base is an extended positive zone. As we may 
now expect. the field distribution (fig. 4b) resem- 
bles that of the potential with the exception that 
the fields are strongly concentrated around the 
base and the zones of intense field associated with 
the carbonyl oxygens are rather more extended 

around these atoms than the corresponding zones 
of potential. the short-range fields making a more 
important distinciton between the directions of the 
two lone pairs of electrons of each of these oxygens. 
The field directions (fig. 4c) point inwards to each 
of the carbonyl oxygens, whereas on the opposing 
side of thymine the fields point almost radially 
outwards_ 

The d;jtribution of the potential in the parallel 
plane for this base (fig. Id) is similar to that in the 
molecular plane and the minimum still lies close to 
04. Thus. the protons of the C5 methyl group do 
not noticeably affect the potential of this carbonyl. 
In contrast. their effect on the field (fig. 4e) is 
clear. the strongest values of the field now being 
found over 02. This may again be explained by 
the shorter range of the field than of the potential_ 
Above the base. one of the methyl protons is much 
closer to the plane than in 04. This situation 
influences the fields because the effect of 04 has 

considerably decreased. whereas it has little effect 
on the potential. the potential emanating from this 
center still being strong. The field directions (fig. 
40 are. as may be expected. towards the base over 
the electronegative atoms 02 and 04 and away 
from the base over the hydrogens bound to CS. C6 

and N3. It is interesting to remark. in this connec- 
tion. that both for cytosine and for thymine the 
electron density associated with the double bond 
C5-C6 is strong enough to turn the parallel plane 
fields towards the base in small regions over these 
a:oms. 



83 

p&jne:(o) poren tial 
..~ _...._.. _....I.._ ..--- -.-.-. I t 

.-! 
(bf fiefd inlensity 

_ __. . 

I 
‘~lTTs_i~~*i_.~ ....................... 
..................................... 
..................................... 
..................................... 
..................................... 
..................................... 
..................................... 

.................................... 
.................. 

............................. 

......................... 
........................ 

a-..__-..---. 
............. 
............. 

........... 

........... 

....... m..., 
........... 

-----*-----1 
..::::::::I::. 

.__________- __._*_-_--._ 

................. _____-_, 

........................ 

. ..~~_~~~~~..~.........:::::::::::I:: ............ 

.................................... 

.................................... .................................... . 

.................................... 

.................................... 

E 
.................................... 
..................................... 
.................................... 
.................................... 

.................................... 

Fiefd direction 

(e) tieId intensity (F) Fieid direction 

Fig. 4. Electrostatic properties of thymine. In the mokcular plane: (a) potential. (b) fieId intensity. (c) field &” rcrions. In thr pxrtikI 
plnne: (d) potentitll. (e) field intensity. (0 field directions. 

The principal water-binding positions around 
thymine are shown in Fig. i’c in which three sites 
may be distinguished, one between 02 and NI-H 
and one on each side of N3-H. As for the preced- 
ing bases, the field distribution of thymine (fig. 4b) 
is a useful guide for finding these positions. The 
fiefd is strong on both sides of oxygen 02 and on 
the side of 04 closest to N3. zones which correlate 
well with the locations of the rnolecuies of water. 
In contrast, the strongest potentials. atthough they 
are also associated with the oxygens, are more 
centered along the directions of the carbonyl 
bonds. 

In the plane of the anionic oxygens of the 
phosphate group we again observe the phenom- 

enon of superposition of the potentiats (fig. 5a), 
that is absent in the distribution of the correspond- 
ing fields (fig. 5b). For the potentials. the mini- 
mum occurs almost at the midpoint between these 
tvvo oxygens, whereas the strong fields are sep- 
arated into two zones. Not surprisingly, the net 
charge of the phosphate group leads to much 
stronger potentials and fields than those associated 
with the neutral subunits). The field directions of 
the phosphate (fig. 5~) present interestingfy almost 
a simple radial distribution towards the molecule. 
This is an indication that from more than 4-5 fi. 
away the phosphate will appear almost isotropic in 
this plane in terms of potential, which may be 
confirmed by looking again at fig. 5a, and this is 
afso true in terms of fieid. 
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Fi_r. 5. Electrostatic properties of the phaspbatr in tbr plane containing the phosphcrus atom and the mionic oxygens. (a) Pot~tbd. 

(h) field intensity. (c) field directions. 
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Fig. 6. Electrostatic properties of the sugar subunit in the plnnr passing through its ring oxyvgcn and bkrcting perpendiculrrrly the 

hond CL.-Cx _ (3) Potential. (h) field intensity. tc) field directions. 

Since the sugar subunit that we have studied 
lacks the deoxyribose hydroxyl groups at C,. and 
C,.. there remains only one center associated with 
strong negative potentials (fig. 6a). namely close to 
the ring oxygen Cl,.. The opposing side of the 
sugar subunit is uniquely associated tvith positive 
potentiats. but it may be seen. as in the case of 
thyminr. that this positive zone does not extend to 
encompass the hydrogens of the methyl group. 

The fiefd of the sugar subunit (fig. 6b) is strong 
only around Cl,., the maximuni occurring on the 
side of the C,., methyl. It may be noted from 
table 2 that the fields associated with this etheric 
oxygen are. however. somewhat weaker than those 
of the carbonyt oxygens of the bases. Fig. 6c shows 
that the field points outwards on the side of the 
C,.-C,.. bond and inwards towards the ring oxygen 
and also towards the Cj. methyl. confirming the 
absence of repulsive potentials associated with this 
group. 
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4. Conclusion 

The comparison of the electrostatic potentials 
and fietds of the subunits of B-DNA that we bave 
carried out points to several important distinctions 
between these two properties- The differences are 
fundame;ltaIIy linked to the more rapid decline 
with distance of the field compared to the poten- 
tial. Close to the subunits, this leads to a ciearer 
distinction of individual centers of high or low 
eiectron density in terms of field. since the su- 
perposition effects which occur with the potentials 
are considerabiy attenuated. In contrast. sfightly 
further away from the subunits. whereas the 
potential distribution is generally rather similar, 
the field distribution can change radically, being 
much more sensitive to the distance of the various 
zones <jr high or low electron density in the mole- 
cule. In generat, atoms of the subunits which are 
associated with either strong negative or strong 
positive potentials wil1 also be associated with 
intense fields. but the ordering of these different 
sites in terms of potential and in terms of field is 
often different_ 

The distinctions between field and potentiai 
obsewed for the subunits of the DNA continue to 
exist, and are still more appreciable. once the 
macromolecule is constructed. as our studies of the 
conformations of B- 161. A- and Z-D-NA [7] con- 
firm. The situation may be simply summarized as 
follows: the nature of the distribution of potential 
around a molecule or a macromofecule is de- 
termined by an important superposition of poten- 
tials emanating from all its centers of high or low 
net charge density: for the field distribution these 
superposition effects are very much attenuated 
and these same centers fargely retain their individ- 
uai character. It is thus indeed important to dis- 
tinguish between potential and firId and, hence. 
between the electrostatic influence of a molecule 
or a mncromolrculr on a charged attacking species 
as opposed to a neutral dipolar species. 

The correlations demonstrated between the field 
distributions in the subunits and xvater-binding 

sites and bound orientations obtained by accurate 
electrostatic interacton energy caiculations suggest 
that fields are indeed a qualitatively useful guide 
to first-shell hydration_ 
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