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1. Inéroduction

Nucleic acids duplexes have been thought to be
conformationally related to A-DNA or B-DNA. How-
ever, X-rays studies on crystals of atternating d(CpG)-
DNA fragments and on fibers of poly(dG—dC) -
poly(dG—dC) have demonstrated a left-handed double
helix termed Z-DNA [1-4]. In solution, poly-
(dG—dC) - poly(dG—dC) can adopt the B- or Z-form
depending upon the ionic strength of the medium
[5-9]. Moreover, it seems possible to join sequences
in B- and Z-form, respectively [10,11].

Physicochemical techniques for looking at the
Z-form need rather large quantities of material and
are hardly useful to in situ studies. On the other hand,
immunochemical techniques are very sensitive and
there are already many reports on the use of specilic
antibodies to detect small amounts of nucleosides,
modified nucleosides or hybrids in nucleic acids (see
[12—18] and references hercin).

In this paper, we report that one can get rabbit
antisera which reacts with poly(dG—dC) - poly(dG—dC)
in Z-form and does not react with poly(dG-dC) -
poly(dG—dC) in B-farm. The rabbits were immunized
with a poly(dG—dC) - poly(dG--dC) modified by
chlorodiethylenetriamino platinum(1I) chloride
(dien-Pt). This polynuclectide, in which 12% of the
bases are complexed to dien-Pt (on the N(7) of
guanine residues), adopts the Z-form in physiological
conditions {19] while the Z-form of unmedified
poly(dG—dC) - poly(dG—dC) is stable at much higher
salt concentration [5).

2. Materials and methods

Poly(dG—dC) - poly(dG—dC) from P. L. Biochem-
icals was purified as in [20,21]. The modifications of
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poly(dG—dC) - poly(dG—dC) by dien-Pt and by
N-acetoxy-V-acetyl-2-aminofluorene were as in [19—
21]. We write poly(dG—dC)dien-Pt(r,,) and poly-
(dG—dC)AAF(r,) for poly(dG—dC) - poly{(dG—dC)
modified by dien-Pt and N-acetoxy-NV-acetyl-2-amino-
fluorene, respectively. 7y, is the number of dien-Pt or
AAF residues bound/nucleotide.

Poly(d[8-*H]G—dC) - poly(d[8-*H]G-dC) {we
write poly*(dG—dC) - poly*(dG—dC)) was synihe-
sized with Escherichig coli DNA polymerase large
{ragments (Boerhinger, Mannheim) in a manner similar
to that used in [22]. d[8-*H]GTP was from New
England Nuclear, dGTP and dCTP from Boerhinger,
Mannheim,

Immunization and radioimmunoassays were per-
formed as in [20,23}. Poly(dG-dC)dien-P1(0.12) was
injected to rabbits in 0.1 M NaCl, 1 mM MgCl,, 5 mM
Tris (pIi 7.3} as a complex with methylated serum
albumin. The rabbits were bled 1 week after the
intravenous booster (~2.5 months after the [irst injec-
tion).

To achieve conformational equilibrium, all the
solutions were heated at 50°C for 10 min and then
cooled at room temperature before use. Circular
dichroism spectra were recorded with a Roussel Jouan
[ dichrograph.

3. Results

Two antisera were studied; they behaved similarly.
The results relative to one antiserum are reported here,

To study the reactivity of the antiserum, we used
poly(dG—dC) - poly(dG—dC), poly(dG—dC)AAF and
poly{dG—dC)dien-Pt. As judged by circular dichroism
(fig.1), poly(dG—dC) - poly(dG—dC) in 2.5 M
NaClQy, poly(dG—dC)AAF(0.13) and poly(dG—dC)-
dien-Pt(0.12) in 0.1 M NaCl, 1 mM MgCl, belong to
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I'ig.1. Circular dichroism spectra: (A) (——) Poly(dG—dC) -
poly(dG dC)in 0.1 M NaCl, 1 mM MgCl,, § mM Tris- HCl,
(pH 7.3} (———}in 2.5 M NaCl0,, 5 mM Tris—HCl1 (pH 7.3).
(B) (——) Poly(dG- dC)dien-P1{0.12); (— ——) poly(dG—dC)-
AAT(0.13) in 0.1 M NaCl, 1 mM MgClL,, 5 mM Tris—HCI
{(pH 7.3).

the Z-family while poly(dG—dC) - poly{dG—dC) in
0.1 M NaCl, 1 mM MgCl, is in B-form. As noted in
[19--21], dien-Pt and AAF residues stabilize the
Z-form.

We first studied the precipitation of poly™-
{dG—dC) - poly*(dG—dC) by the antiserum as a func-
tion of salt concentration. Poly*(dG—dC) - poly*-
(dG—dC) and the antiserum in the right salt condi-
tions were mixed and kept avernight at 4°C. After
centrifugation, the amount of radioactivity in the
supernatant was determined. In fig.2, we plotted the
percentage of precipitation of poly*(dG—dC) -
poly*(dG—dC) as a function of the salt concentration
of the medium. Over 0.1—-1.2 M NaCl, there is no pre-
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Fig.2. Conformation of poly(dG—dC) - poly(dG—dC) asa
function of salt concentration. {—e—) Precipitation of poly*-
(dG--dC) - poly *(dG—dC) by antiserum. Antiserum dilution
(1/4); poly *(dG—dC) - poly*(dG-dC) 7.7 x 107" M. (. -—- )
Variation of circular dichroism at 230 nm (Ae) of poly-

(dG -dC) - poly(dG—d().

46

FERS I.ETTERS

September 1981

% INHIBITION

* P s 4
L a LY sm & RA m .48
3 -5 i -3
log [INHIBITOR]

Fig.3. Radioimmunoassays: Percent of inhibition of tracer
precipitation as a function of the logarithm of inhibitor con-
centration. Tracer poly*(dG—dC)dien-Pt(0,12), 5.7 x 107° M,
antiserum dilution {1/100). Medium 0.1 M NaCl, 1 mM Mg(Cl,,

5 mM Tris—HCI (pH 7.3) inhibitors: (#} poly(dG—dC)dien-
Pt{0.12); (2) poly (dG—dCYAAT (0.13); () poly(dG-dC) -
poly{(dG -dC); (2) native calf thymus DNA modified by
dien-Pt ry, = 0.05: (a) denatured calf thymus DNA modified
by dien-Pt 1y, = 0.05. The concentralivns of inhibitors are
expressed in mol/nucleotides.

cipitation of the polynucleotide. Abave 1.2 M NaCl,
the amount of precipitate increases suddenly as the
salt concentration is slightly increased. The midpoint
of the transition is at ~1.4 M. The variation of the
circular dichroism at 290 n1n (A€ g0) of poly(dG-DC) -
poly{dG—d(C) as a function of salt concentration is
also presented (or camparison (fig.2). The midpoint
of the transition is ar 1.8 M,

The specificity of the antiserum was then studied
by radiolmmunoeassays (RTA) in 0.1 M NaCl, | mM
MgCl,, 5 mM Tris (pH 7.3). The tracer was poly™*-
(AG—dC)dien-Pt(0.12). The main results are shown in
fig.3. Poly(dG—dC)AAF(0.13) competes with the
tracer. It is less efficient than poly(dG—d(C)dien-Pt-
(0.12) but is inhibits up to 100%. Poly(dG—dC) .
poly(dG—dC) does not inhibit, neither native or dena-
tured DNA modified by dien-Pt. Deoxyguanosine,
deoxycytidine and poly(G} - poly(C) arc not com-
petitors (not shown).

To gain some knowledge of the immunodectermi-
nant group, we have determined the amount of
poly*(dG--dC)dien-Pt(0.12) precipitated by a given
amount of antiserum as a function of the salt concen-
tration. The conditions were those used in the RIA.
The amount of added antiserum was such that in
0.1 M NaCl, T nM MgCl,, ~50% of the polynucleotide
were precipitated, Over 0.1—1 M NaCl, the amount of
precipitated polynucleotide was the same (not shown).
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4. Discussion

In rabbit, B-DNA is not immunogenic. On the other
hand, it has been well-demonstrated that specific anti-
bodies can be elicited in rabbits immunized with
double-stranded RNA, double-stranded polyribonu-
cleotides and double-stranded hybrids (reviews [24—
261]). Here we show that poly(dG—dC) - poly(dG--dC)
in the Z-form is immunogenic.,

We used for immunization poly(dG—dC) - poly-
(dG—dC) in which 12% of the bases were complexed
to dien-Pt. In 0.1 M NaCl, 1 mM MgCl, poly(dG—dC)-
dien-Pt(0.12) is in the Z-form (or at least belongs to
the Z-family) as judged by circular dichroism (fig.1).
Two rabbits were immunized with poly(dG—dC)-
dien-Pt(0.12) electrostatically coupled to methylated
bovine serum albumin, Similar results were obtained
with the two antisera.

The antiserum does not react with poly(dG—dC) -
poly(dG--dC) in B-form but does react with poly-
(dG—dC) - poly(dG—dC) in Z-form. This is clearly
shown in fig.2. In 1.5 M NaCl0,, almost all the
poly(dG—dC) - poly(dG—dC) is precipitated and is
not at all precipiiated below 1.2 M NaClO,. It is
known that poly(dG—dC) - paly(dG—dC) can under-
g0 a salt-induced conformation transition from the
B-form to the Z-form [5--10]. The midpoint of the
trunsition is at 1.8 M. In 1.2 M NaClOy, only a small
fraction of paly(dG-dC) - poly(dG--dC) is in Z-form.
However, since the antiserum binds to the Z-form,
the equilibrium B-form = Z-form is displaced towards
the right by addition of the antiserum. A similar resuli
has been reported with poly(A) - poly(U), poly(A) -

2 poly(U) and the antibodies to poly(I) - pely(C). In
presence of these antibodies, the equilibrium poly(A) -
2 poly(U) = poly(A) - poly{U} + poly(U) was displaced
towards the right and the equilibrium poly(A) -
poly(U) = poly(A) + poly(U) towards the left. Anti-
bedies bind more strongly to poly(A) - poly(U) than
to poly(A) - 2 poly(U), poly(A) or poly(U) [23,27].

The recognition of the Z-form by the antiserum
has been confirmed by RIA in 0.1 M NaCl, 1 mM
MgCl,. Poly(dG—dC)AAF(0.13) inhibits the tracer—
antiserum binding, It is less efficient than poly(dG—dC)-
dien-Pt(0.12). This can be due to a steric hindrance of
the bulky AAF residues and/or to slight differences in
the conformation of the double helix. Moreover it
inhibits up to 100%. Thercfore we are essentially deal-
ing with an antiserum which recognizes poly(dG—dC) -
poly(dG—dC) in the Z-form. dien-Pt residues are not
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the main antigenic determinant. This is also confirmed
by the finding that native or denatured DNA modified
by dien-Pt (r}, = 0.05) do not inhibit.

The antigenic determinant is not yet known. One
can say that it is not only guanine or cytosine residues
since there are no inhibition by deoxyguanosine,
deoxycytidine or denatured DNA. The phoesphate
groups do not seem to be involved. There were no
variation of the amount of poly(dG—dC)dien-Pt pre-
cipitate as a function of the salt concentration (over
0.1—1 M NaCl). This is quite different from the case
of the complexes between paly(1) - poly(C) and anti-
bodies to poly(l) - poly(C) in which electrostatic
interactions play an important role [23,28].

In conclusion, the antiserum reacts with poly-
(dG—dC) - poly(dG-dC) in the Z-form but not in the
B-form. Work is in progress to detect Z-form in natural
DNAs with this antiserum.
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