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Immunochemical

Recognition of Differing Conformations

 Abstract. Rabbit antibodies to double-helical RNA react by complement fixa-
tion with synthetic or natural double-strand RNA but not with native DNA. In
turn, human (from systemic lupus erythematosus patients) antibodies to native
DNA do not react with double-strand RNA. Both types of antibodies show cross-
reactions (from 1 percent to 50 percent) with RNA-DNA hybrids, but antibodies
to the hybrids do not react at all with double-strand RNA or with native DNA.
Antibodies to polydeoxyguanylate* polydeoxycytidylate also failed to react with

native DNA.

Serums from rabbits immunized with
complexes of methylated bovine serum
albumin (MBSA) and the double-
strand polyribonucleotide copolymer
poly A «poly U (I) reacted, by precipi-
tation and complement fixation, with
either synthetic or naturally occurring
double-strand RNA (2); they cross-
reacted to a variable extent with RNA-
DNA hybrid molecules, but did not
react with either single-strand or
double-strand DNA. This type of

serum, used at a suitable dilution in
quantitative complement fixation ex-
periments, was an effective reagent for
studying the small amount of double-
strand RNA in the total RNA extracted
from arbovirus-infected mammalian
cells (3). Similar serums have been
prepared by Lacour et al. (4) and by
Plescia et al. (5), although the former
group found a wider reactivity in some
serum samples.

I now report some immunochemical

relationships among a wider variety of
double-helical polynucleotides. For this
purpose, in an attempt to obtain anti-
bodies that would react with native
DNA, I injected rabbits with MBSA
complexes of ' the synthetic hybrid
poly A - poly dT (6), of the polydeoxy-
ribonucleotide copolymers poly dG * poly
dC, poly dAT * poly dAT, and of calf
thymus DNA. Histone-DNA com-
plexes were also used as immunogens.
In a given course of immunization, ani-
mals were given two intradermal in-
jections of complex (in complete
Freund’s adjuvant) a week apart and
one intravenous injection a week after
the second intradermal dose; the rabbits
were bled a week after the intravenous
injection. Each dose contained 30 to 50
ung of synthetic polymer or 50 to 200
ug of native DNA.

Of the polynucleotides used, the
poly A * poly dT and poly dG * poly dC
elicited specific antibody after a single
course of immunization. The antiserums
that they induced were compared with
antiserum to poly A*polyU and anti-
serum to polyI°polyC (7), and with
serums from patients with SLE, which
react with native DNA (8). The com-
plexes containing native DNA or poly
dAT - polydAT did not elicit specific
antibody to the nucleic acid, in five and
two animals, respectively, that received
immunizing injections for as long as
6 months.

The immunochemical reactivities of
the antiserums were selective for dou-
ble-strand RNA, RNA-DNA hybrids,
and double-strand DNA. At suitable
dilutions, serums reacted by comple-
ment fixation with only one class of
polynucleotide (Fig. 1). Although poly
dG * poly dC reacted effectively with the

Table 1. Cross-reactions of antibodies to double-helical polynucleotides. Each serum was tested at varying dilutions with each antigen. The
maximal complement fixation was plotted as a function of serum dilution and the dilution required for 50 percent maximal complement
fixation was read by interpolation. Blank spaces indicate that there was no complement fixation at any dilution tested, the lowest dilution

being 1/50.
Immuniz- Serum dilution required for 50 percent maximal complement fixation with:

Serum ng . . Reo- . . . .

copoly- Poly A Poly I X Poly A Poly dG Poly dA Poly dAT Calf

mer poly U poly C RNA poly dT poly dC poly dT poly dAT DNA
Rabbit antiserums
170 A-U 16,000 2,800 2,500 720
171 A*U 12,000 2,000 850 <50
172 AU 13,000 575 500
201 AU 7,000 1,550 2,400 <50
S-179 I-C 910 940 450 450
S-180 1-C 480 580 370 300
217 A-dT 10,000
228 dG +dC 250
229 dG +dC 2,000
Human SLE patients’ serums

SLE L 50 170 225 180 260
SLE R 350 800 1,200 1,000 1,450
SLE P 75 220 160 160 300
SLE E 45 60 85 85 85
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antibodies to DNA in SLE serums, the
antiserum to poly dG * poly dC was spe-
cific for the immunizing copolymer.

After being heated, poly A * poly U,
reovirus RNA, poly A - poly dT, and
poly dG * poly dC all lost complement-
fixing reactivity with their respective
antiserums, and in each case the tem-
perature profile of the loss of reactivity
showed a sharp transition with the ex-
pected melting temperature for the
polynucleotide (Fig. 2). Formaldehyde
(3 percent) was present in the heating
mixture to prevent reannealing of the
polymers. Thus, the complement fixa-
tion reactions involved the double-
strand polynucleotides rather than con-
taminants in the preparations. The
characterization of antibodies to native
DNA in SLE serum has been de-
scribed (8).

Table 1 presents a summary of quan-
titative studies of cross-reactions, in
terms of the serum dilutions required
to give a curve with a maximum of
50 percent complement fixation with a
given antigen. Antiserums to double-
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strand RNA (either antiserums to
poly A ¢ poly U or antiserums to poly
I+ poly C) showed varying degrees of
preference for the homologous antigen
but reacted strongly with any of the
double-strand RNA forms and not at
all with any purely DNA form. The
greater reactivity of antiserums to poly
A-poly U with homologous antigen
than with reovirus RNA or poly I * poly
C may be due to the presence of some
antibody to the triple-strand poly A *
2 poly U in the homologous system (4).
Antibodies to native DNA in SLE se-
rums reacted with any of the double-
helical polydeoxyribonucleotides, but
not at all with the purely RNA forms.
Some SLE serums have been shown to
contain separate antibodies to double-
strand RNA (9), but these are often of
low titer in complement fixation and
were not detectable in the serums used
in my study. Both the rabbit antibody
to double-strand RNA and the antibody
to native DNA in SLE serums showed
cross reactions with RNA-DNA hy-
brids, to an extent varying from less
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than 1 percent for some serums to 50
percent for others.

The antiserum to hybrids did not
react with either single-strand or
double-strand forms of DNA or RNA.
It did react to the same extent with
either the synthetic hybrid or with the
hybrid prepared by annealing single
strands of T4 phage DNA with RNA
from phage-infected Escherichia coli
(10). The antiserum to poly dG * poly
dC was specific even at a dilution of 1
to 50, though it still reacted with this
polymer at 1 to 2000. It failed to re-
act with either native or denatured
DNA.

Physical measurements have shown
that double-strand DNA and RNA
differ in several aspects of conforma-
tion (Z1). These structural differ-
ences, which may appear to be minor,
are reflected in complete and reciprocal
lack of immunochemical cross-reac-
tivity. Hybrid molecules are also differ-
entiated, by variable and often low
cross-reactivity with antiserums to
double-strand RNA or DNA, but

Fig. 1 (left). Complement fixation reac-
tions of (a) rabbit antiserum to poly A e
Poly U (1/1500); (b) human SLE serum,
which reacts with DNA (patient L, Table
1) (1/110); (c) rabbit antiserum to poly
dG + poly dC 229 (1/200); and (d) rabbit
antiserum to poly A - poly dT 217 (1/
200). O, Poly A -poly U; A, poly I-
poly C; [J, reovirus RNA; #, poly Ae
poly dT; X, poly dG - poly dC; W, poly
dA + poly dT; A, poly dAT - poly dAT;
and @, native calf thymus DNA.
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Fig. 2. Immunochemical measurement of
the thermal denaturation of poly A - poly
U (Q) and reovirus RNA ([J), mea-
sured with antiserum to poly A « poly U
170; and of poly A-polydT (#) and
poly dG «poly dC (X), measured with
corresponding rabbit serums 217 and 229.
The poly A *poly U and poly A « poly dT
were heated in a buffer of 0.14M NaCl,
0.01M tris, pH 7.4; the reovirus RNA
and poly dG - poly dC were heated in
0.014M NaCl, 0.001M tris pH 7.4 buffer.
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especially by the narrow specificity of
the antiserum to hybrids. Similarly,
though poly dG e+ polydC was like
DNA in its reactions with SLE se-
rums, it does differ from DNA in its
x-ray diffraction pattern (I1), and its
corresponding antiserum distinguishes
it completely from DNA. This anti-
serum to poly dG e poly dC did not
react with even the DNA of Pseudo-
monas fluorescens, which has a 72 per-
cent content of dG-+dC base pairs.
Thus the high content of dG * dC base
pairs does not appear to confer the
immunospecific reactivity of poly dG
poly dC to that DNA molecule.

The patterns of cross-reactivity of
these serums support the conclusion
that immunochemical specificity de-
pends on the conformations of the
double helices rather than simply on
reactions with a given base or the pres-
ence of either ribose or deoxyribose as
the carbohydrate component.

Antibodies to denatured DNA can
be readily induced in animals by sev-
eral methods (Z2), but there are no
unequivocal examples of experimen-
tally induced antibodies having selec-
tive reactivity with native DNA, The
only sources of such antibodies remain
the serums of patients with SLE or
serums of NZB/W mice which have a
disease very like, or identical to, SLE
(13).

From our experience it appears
that there is a very specific tolerance,
in the rabbit, to the native DNA con-
formation and perhaps to such mole-
cules as poly dAT ° poly dAT, which
closely resemble DNA in structure
(11). When other kinds of related
polymers are used as immunogens, only
those conformational features that are
quite distinct from native DNA are
recognized, as indicated by the finding
that none of the antibodies to these
double-helical molecules reacted with
DNA. On the other hand, antibodies
from patients with SLE do appear to
recognize more general features of the
DNA molecule that are also present in
many synthetic polydeoxyribonucleo-
tides; this may be the result of a break-
down of the usual tolerance. Because
of the low degree or lack of cross-
reactivity among the classes of poly-
mer, some antiserums are useful as
specific reagents for detecting either
double-strand RNA or RNA-DNA
hybrid molecules.

B. D. STOLLAR
Department of Biochemistry,
Tufts University School of Medicine,
Boston, Massachusetts 02111

7 AUGUST 1970

References and Notes

1. Abbreviations used are: poly A, polyadeny-
late; poly U, polyuridylate; poly I, polyinosi-
nate; poly C, polycytidylate; poly dA, poly-

deoxyadenylate; poly dT, polythymidylate;
poly dG, polydeoxyguanylate; poly dC, poly-
deoxycytidylate; poly dAT, a single-strand

polymer with alternating polydeoxyadenylate
and polythymidylate. Double-strand copolymers
are represented by the combination of two
single strands separated by a center dot (for
example, poly A -poly U). SLE, systemic
lupus erythematosus; MBSA, methylated
bovine serum albumin.

2. E. F. Schwartz and B. D. Stollar, Biochem.
Biophys. Res. Commun. 35, 115 (1969).

3. V. Stollar and B. D. Stollar, Proc. Nat.
Acad. Sci, U.S. 65, 993 (1970).

4. F. Lacour, A. M. Michelson, E. Nahon, in
Nucleic Acids in Immunology, O. J. Plescia
and W. Braun, Eds. (Springer-Verlag, New
York, 1968), p. 32.

5. O. J. Plescia, A. Strampp, Z. Kwiatkowski,
Fed. Proc. 28, 695 (1969).

6. The poly dT used for preparing the hybrid
was a gift from L. Grossman. Equal weights
of poly A and poly dT were mixed in 0.15M
NaCl, 0.015M sodium citrate, pH 7, boiled
for 10 minutes, and incubated at 50°C for 2
hours in preparation of the hybrid,

7. The antiserums to poly I-poly C were given
by P. Schur; they were prepared by the im-
munization of rabbits with MBSA complexes
of the copolymer. Serums from SLE patients

were given to me by P. Schur, N. Rothfield,
and J. Kritzman.

8. M. Seligmann, Compt. Rend. 245, 243 (1957);
H. R. Deicher, H. R. Holman, H. G. Kunkel,
J. Exp. Med. 109, 97 (1959); D. Stollar, L.
Levine, J. Marmur, Biochim. Biophys. Acta
61, 7 (1962); R. Arana and M. Seligmann,
J. Clin. Invest. 46, 1867 (1967).

9. A. D. Steinberg, S. Baron, N. Talal, Proc.
Nat. Acad. Sci. U.S. 63, 1102 (1969); P, H.
Schur and M. Monroe, ibid., p. 1108; P, Schur
and B. D. Stollar, unpublished data.

10. The T4 DNA-RNA hybrid was a gift of R.
Jayaraman and E. Goldberg.

11.J. T. Yang and T. Samejima, Progr.
Nucleic Acid Res. Mol. Biol. 8, 223 (1969);
R. Langridge, J. Cell Physiol. 74, supp. 1, 1
(1969).

12. L. Levine, W, T. Murakami, H. Van Vunakis,
L. Grossman, Proc. Nat. Acad. Sci. U.S. 46,
1038 (1960); C. L. Christian, J. Exp. Med.
118, 827 (1963); B. F. Erlanger and S. M.
Beiser, Proc. Nat. Acad. Sci. U.S. 52, 68
(1964); O. J. Plescia, W. Braun, N. C.
Palczuk, ibid., p. 279; M. Sela, U. Ungar-
Waron, Y. Shechter, Proc. Nat. Acad. Sci.
U.S. 52, 285 (1964); M. J. Halloran and C.
W. Parker, J. Immunol. 96, 379 (1966).,

13, P. H. Lambert and F. J. Dixon, J. Exp. Med.

127, 507 (1968); R. Toburn, D. Koffler, H.

G. Kunkel, Fed. Proc. 29, 492 (1970).

Supported by NSF grant GB 8064. I thank

M. Chestnut and M. Ristic for technical

assistance.

6 April 1970 n

14,

s

Chemical Basis of Hashish Activity

Abstract. A sample of hashish was extracted consecutively with petroleum
ether, benzene, and methanol. When tested intravenously in monkeys only the
petroleum-ether fraction was active. This material was further fractionated. The
only active compound isolated was Al-tetrahydrocannabinol. Cannabinol, can-
nabidiol, cannabichromene, cannabigerol, and cannabicyclol when administered
together with Al-tetrahydrocannabinol do not cause a change in the activity of
the latter, under the experimental conditions used. These results provide evidence
that, except for Al-tetrahydrocannabinol, no other major, psychotomimetically

active compounds are present in hashish.

The active Al-tetrahydrocannabinol
(ATHC) (I) and AU®THC (2)
have been isolated from Cannabis
sativa preparations. The former is con-
sidered the predominant active com-
ponent (3-5). Both THC’s have been
found to reproduce Cannabis activity
in humans (6) and animals (7, 8).
However, a systematic fractionation of
Cannabis samples monitored by bio-
logical testing has not yet been re-
ported. Hence, doubt has been ex-
pressed (9) as to whether ATTHC and
ALG)THC are the only active constitu-
ents and can replace crude marihuana
or its extracts in Cannabis research.
This is a point of importance. The use
of chemically undefined and variable
materials such as marihuana or hashish
or their extracts has inherent methodo-
logical disadvantages. Reproducible bio-
chemical, pharmacological, and clinical
experimentation could be considerably
facilitated by the possible use of prop-
erly characterized compounds instead
of crude mixtures.

We now report some observations

which indicate that A'THC is indeed
the only major active constituent in
hashish. AY®THC, if present, did not
represent more than 1 percent of the
amount of A!'THC in the sample that
we investigated.

A sample of hashish (502 g) of Leb-
anese origin, about 18 months old,
was extracted eight times with a total
of 4 liters of petroleum ether (b.p. 60°
to 80°C) at 22°C. The extract (162
g) contained 23.1 g of AITTHC as de-
termined by gas-liquid chromatography
(10). The residue was extracted twice
with boiling benzene (total solvent
volume, 1500 ml). The extract (22.5
g) contained no AYTHC (10) and was
inactive (Z1). The residue remaining
after the benzene treatment was ex-
tracted twice with 1 liter of boiling
methanol. The extract (19.1 g) which
contained no A'THC (Z0) was also
inactive (11).

The petroleum ether extract was ad-
ministered in doses containing 250 ug
and 500 pg of A'THC per kilogram (as
determined by gas-liquid chromatog-
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