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Immunochemical Characterization
of Polyribonucleotides

Abstract. The degree of organization
of polyribonucleotides determines their
modalities of reaction with antibodies
(NG-I) which are present in serums of
animals  hyperimmunized with ribo-
somes. The immunochemical behavior
of the highly helical two-stranded com-
plex of polyadenylic acid and polyuri-
dylic acid and the corresponding three-
stranded complex of one molecule of
polyadenylic acid and two molecules
of polyuridylic acid can be determined
from examination of the associating
and nonassociating mixtures of poly-
adenylic and polyuridylic acids. The
immunochemical characteristics of var-
ious forms of polyinosinic acid in solu-
tion are described.

RNA (/), DNA (I, 2), and syn-
thetic polynucleotides (3) are not im-
munogenic. However, the presence of
antibodies active against
DNA has been demonstrated in the
serums of patients with systemic lupus
erythematosus (4). The serums of rab-
bits immunized with ruptured T-even
coliphages similarly contain antibodies
reacting with denatured DNA, which
are directed, in part, either toward the
«-gentiobioside residue of DNA, or to-
ward the - or g-monoglucosylhydroxy-
methylcytosine component (5).

The antibodies prepared by the pro-
cedure of Plescia et al. (5) had specific-
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denatured.

ities similar to those produced when
ruptured bacteriophage was used as the
antigen. In addition, various authors (6)
have investigated the specificity of anti-
bodies resulting from immunization
with synthetic agents such that a purine
or pyrimidine base was conjugated with
a protein antigen. However, even when
uridine was conjugated, the resultant
antibodies reacted indifferently with
heat-denatured DNA and RNA, but not
with double-stranded DNA or native
RNA.

Antibodies from the serums of ani-
mals hyperimmunized with ribosomes
(7) differ markedly from the above-
mentioned antibodies. In the first place,
they are produced under very different
immunogenic conditions. Second, cer-
tain of these antibodies—to which we
refer as “NG-I” antibodies, and which
we have isolated and purified from
horse serums by two or three specific
precipitations with polyA (8)—precip-
itate native RNA (soluble, ribosomal,
and viral) and various polyribonucleo-
tides, although they still remain inactive
with respect to native and denatured
DNA.

Furthermore, the immune reaction
with NG-I is not inhibited by purine

or pyrimidine bases, or by ribo- or de-.

oxyribonucleosides, or by mono-, di-,
or trinucleotides (7). The foregoing re-
sults signify that at least a part of the
antigenic determinant is common to all
ribonucleic acids and synthetic polyribo-
nucleotides.

We now report on how the ex-
tent of organization of polyribonu-
cleotide determines its immunochemical
behavior with relation to these NG-I
antibodies. First of all, we studied the
precipitation near neutrality of polyU
and of polyA (8) with NG-I antibodies
in the absence of electrolytes as well as
in the presence of 5 X 10—*M Mg++
(Fig. 1, a and b). Since polyU is ran-
domly coiled under normal conditions,
as shown by the failure of the physico-
chemical investigations to obtain any
indication of ordered structure (9),
the precipitation of antibody and of
antigen can be taken as the norms of
the immunochemical reaction of an
unordered polyribonucleotide (10).

The curves of precipitation of
polyA near neutrality are identical,
up to the zone of equivalence, to
those plotted for polyU. This shows
(i) that the nature of the base is not a
quantitative determinant in the reac-
tion, and (ii) that, under these condi-
tions of ionic strength and pH, polyA
does not have intermittent ordered re-

gions, which would have decreased the
amount of antibody precipitated (11).
In the presence of excess antigen, in-
hibition of the precipitation of polyA
is less than that noted under the same
conditions for polyU. This is probably
related to the lower molecular weight
of polyU as compared with that of
polyA (12). Kabat (I13) observed the
same phenomenon in the case of dex-
trans of varying molecular weight.
The following experiments show that
the immunochemical behavior of highly
helical polyribonucleotide complexes
such as poly(A+U) and poly(A-+2U)
(14) differs greatly from that of un-
organized homopolymers. The immuno-
chemical behavior of these complexes
can only be appreciated with reference
to the behavior of a corresponding non-
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Fig. 1. Amounts of antibody (a) and poly-
nucleotide (b) precipitated by polyU and
polyA (“neutral form”). The polyribo-
nucleotides (Miles) were dialyzed against
3 X 10°M EDTA and then thrice-distilled
water. Stock solutions of antibodies and
polynucleotides, stored at —20°C in the
absence of electrolytes, were diluted in -
thrice-distilled water and adjusted to
pH 7.4, and 5 X 10*M Mg** when indi-
cated. The polyribonucleotides were added
in ever-increasing amounts on a mononu-
cleotidic basis, the amount of antibody be-
ing kept constant (110 wug). The specific
precipitates were collected, washed three
times in ten volumes of 0.1M NacCl,
0.0033M Mg*t acetate, 0.0017M tris buf-
fer, pH 7.4, and then dissolved in 0.3 ml
of 0.IN NaOH containing 1 percent Nag-
CO:. One portion of the specific precipitate
was used for estimating the proteins (I18).
The other served for the estimation of nu-
cleotides: optical density measurements
were made at 260 mu for polyU and at 257
mu for polyA, after hydrolysis by 1IN

perchloric acid. X———X, PolyU in ab-
sence of electrolytes; O———Q, polyA in
absence of electrolytes; []———[], polyU
in5 X 107°M Mg*; A———A, polyA in

5 x 10*M Mg*.
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associating mixture of polyribonucleo-
tides in the same medium. However, ex-
perimental curves of nonassociating
mixtures of polyA and polyU cannot
be obtained in the presence of Mg+ +,
since the presence of salts always re-
sults in the formation of the poly(A+U)
or the poly(A +42U) complex. We there-
fore constructed curves calculated from
the average of the individual values in
5 X 10-*M Mg+ for the polyribo-
nucleotides of the mixture, the ratio
used being taken into account, that is,
U/A=1/1 for poly(A+U) complex,
and U/A =2/1 for poly(A + 2U).
Since the experimental and calculated
curves are identical in the absence of
electrolytes (Figs. 2 and 3) (that is, in
a medium where no complexes are
formed spontaneously)—an indication
that there is no reciprocal inhibition of
precipitation of polynucleotides—the
calculated curves represent the pre-
cipitation in 5 X 10—*M Mg++ ex-
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Fig. 2. Comparison of the amount of anti-
body precipitated in mixtures of polyA
and polyU in absence of electrolytes and
in 5 x 10'M Mg**. The theoretical curves
were calculated from the individual pre-
cipitation of each constituent polynucleo-
tide, in the corresponding medium. PolyA
and polyU were mixed at pH 7.4 in 5
X 10*M Mg in the following ratios of
concentration: polyA to polyU equal to
1:1, for the formation of the poly
(A + U) complex, and polyA to
polyU equal to 1:2, for the for-
mation of the polv(A + 2U) com-
plex. The complexes were used after
90 minutes in the case of the double-strand
(25 percent final hypochromia at 260 my),
and 120 minutes for the triple-strand (34
percent final hypochromia at 260 mgu).
X ———X, Observed values of the polyA
+ polyU mixture in absence of electro-
lytes; O———0, calculated values of a
theoretical mixture of polyA - polyU in
absence of electrolytes; [[]———[], poly(A
4+ U) complex in 5 X 10°*°M Mg
A———A, calculated values of a theo-
retical mixture of polyA <+ polyU in
5 X 10*°M Mg"; @ ———@, poly(A
+ 2U) complex in 5 X 10°*M Mg
V ———Y/, calculated values of a theo-
retical mixture of polyA -4 2 polyU in
5 X 107'M Mg*.
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pected for a theoretical nonassociat-
ing mixture of unordered polynucleo-
tides. The results were as follows:

1) With respect to the amount of anti-
body precipitated in 5 X 10—4M Mg+ +
(Fig. 2), the experimental values were
less (by 20 percent in the zone of equiv-
alence) than the theoretical values, for
both mixtures of polyA plus polyU
and of polyA plus 2 polyU. Up to the
zone of equivalence, the curves of pre-
cipitation for both complexes were
identical, but inhibition of precipitation
in excess antigen is less marked in the
case of poly(A + 2U).

Hence, the formation of the com-
plexes brings about a masking of anti-
genic sites and a consequent reduction
in the amount of antibody precipitated
as compared with a nonassociating mix-
ture. However, the addition of a supple-
mentary strand, that is, the forma-
tion of the poly(A+2U) complex, does
not increase this masking. This is con-
sistent with the hypothesis that the new
strand of polyU is inserted in the wide
helical groove of the poly(A+U) com-
plex without structurally reorganizing
the double-stranded molecule (15) and,
therefore, without modifying the dis-
tribution of antigenic sites.

2) With respect to the amount of an-
tigen precipitated in 5 X 10—4M Mg+ +
(Fig. 3), the maximum value appearing
in the theoretical curve (the curve for a
nonassociating mixture polyA + polyU
or polyA + 2 polyU) corresponds to
the amount precipitated by a single
strand. On the other hand, the maxi-
mum amount of antigen precipitated
with the double-stranded complex is
twice as great as the maximum amount
precipitated by a single-stranded poly-
nucleotide. Similarly, with the triple-
stranded complex, the maximum value
is three times the maximum amount
precipitated by the single-stranded
molecule.

There is, therefore, an evident rela-
tion between the maximum amount of
nucleotidic material precipitated and the
number of strands constituting the poly-
nucleotide taking part in the reaction.
We have used this relation in the study
of polyl (Fig. 4), where the number of
strands in solution has not yet been
clearly established (16). At pH 7.4, in
the absence of electrolytes, the maxi-
mum amount of polyl precipitated cor-
responds to that precipitated with a
single-stranded polynucleotide, as com-
pared with polyU and the “neutral
form” of polyA. However, at pH 6.5
in the absence of electrolytes, the
amount of precipitation doubles, an in-
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Fig. 3. Comparison of the amount of poly-
nucleotide precipitated (on a mononucleo-
tidic basis) in the case of mixtures of
polyU and polyA at molar ratios of 1:1
and 2 :1, in the absence of electrolytes
and in 5 x 10~'M Mg™. All symbols and
theoretical curves as in Fig. 2.

dication of the probable formation of
a double-stranded molecule. In 0.05M
and 0.09M NaCl, at pH 7.4, the results
similarly point toward a double-stranded
structure (17). Polyl, in 0.14M NaCl,
assumes a triple-stranded form, this be-
ing the one most often cited (16). Fi-
nally, in 5 X 10-*M Mg++, the
amount of precipitate formed indicates
the presence of a four-stranded mole-
cule.

Certain principles of immunochem-
ical analysis of polyribonucleotides with
NG-I antibodies can be drawn from
these results. In the first place, the de-
gree of organization, and not the nature
of the base, determines the immuno-
chemical reactivity of polyribonucleo-
tides. Second, by considering the poly-
ribonucleotide molecule as a structural
unit along which the antigenic sites are
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Fig. 4. Amount of polynucleotide pre-
cipitated in the case of polyl. The optical
density measurements were made at 248
mu. X ———X, Polyl in absence of elec-
trolytes at pH 7.4; O———0Q, in absence
of electrolytes at pH 6.5; V———V/, in
0.05M NaCl; A———A, in 0.09M NaCl;
O———[], in 0.14M NaCl; @ —— @,
in 5 X 10°*M Mg*™.
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disposed, it is easy to see that the
amount of specifically precipitated nu-
cleotidic material is proportional to the
number of strands involved in the re-
action. With this observation in view,
the number of strands in a molecule
can be determined immunochemically
if reference values corresponding to an
unordered single-stranded molecule are
available.

Finally, the organization of poly-
ribonucleotides determines the degree
of masking of antigenic sites. The anti-
genic sites are probably located along
the polyribosephosphate backbone. This
statement is supported by the facts that,
on the one hand, the nature of the
base is not a quantitatively determining
factor in the reaction, and, on the other
hand, the NG-I antibodies can still pre-
cipitate two-, three-, and even four-
stranded molecules in which the bases
are hidden in the interior of the mole-
cule. The establishment of a helical
structure would create, at regular in-
tervals, a steric hindrance to the ap-
proach of antibodies, and cause masking
of antigenic sites which results in a
decrease in the amount of antibody pre-
cipitated.
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PHILIPPE CAYEUX
Service des Streptocoques, Institut
Pasteur, 25 rue du Docteur Roux,
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Beta-Glucuronidase Activity in Serum Increased
by Coronary-Artery Atherosclerosis

Abstract. Increase in activity of beta-glucuronidase in serum has been demon-
strated in patients having clinically evident coronary-artery atherosclerosis. This
fact, yielded by the new, more specific method of Fishman, could not be elicited

by the traditional method.

Use of Fishman’s new and more
specific method for the determination
of beta-glucuronidase activity in serum
(1) has enabled demonstration of
markedly increased activity in patients
having coronary-artery atherosclerosis.
The new method employs sixfold in-
crease of the phenolphthaleinglucuro-
nide substrate and reduces the time
of incubation from 20 to 4 hours; it
gives values roughly twice as high as
those obtained by his previous method
(2), and the new values correspond
closely with values obtained from se-
rum from which inhibitors have been
removed by dialysis.

Qur study dealt with 49 patients of
whom each had either classical symp-
toms of angina pectoris or a docu-
mented history of coronary-artery oc-
clusion with myocardial infarction (in
patients in whom the clinical episode
had occurred months or years pre-
viously, so that one may assume
that their increased beta-glucuronidase
activities in serum did not result from
ischemic necrosis of cardiac muscle).
None of the patients showed clinical
or laboratory evidence of diabetes
mellitus, liver disease, or pregnancy,
any of which increases beta-glucuron-
idase activity.

The controls selected were patients
either attending the hospital diagnostic
clinic or awaiting elective surgery such
as herniorrhaphy; all were free of clini-

cally apparent cardiovascular diseases
or other overt illness, and matched
the coronary-atherosclerosis patients as
closely as possible as to age, sex, and
race.

The 49 test patients showed an
average activity of 2140 units, versus
1270 wunits for the 67 controls (P
<.001). FEighty-five percent of the
controls gave values below 2000
units, whereas 58 percent of the test
patients ranged above 2000 units; only
one control exceeded 2500 units,
whereas 37 percent of the test pa-
tients ranged between 2500 and 5310
units. When the results for the two
groups were compared by age, sex,
or race, activity was always sig-
nificantly higher for the coronary pa-
tients than for the controls (3).

Others (4) were unable to demonstrate
increased activity in patients having
coronary-artery disease by the tradi-
tional method of Fishman, Springer,
and Brunetti (2), which we also used
on each of the specimens of serum
studied by the new Fishman pro-
cedure. The less specific method
showed no significant differences in
mean enzyme activity between the
test patients and the controls. A
fluorometric procedure has shown a
suggestive increase in female but not
in male patients (5).

Several workers using the less
specific method have found increased
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