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(0.15 mmol) in acetone-dg (0.5 ml); methanol-d, (0.2 ml)
was added and after 24 h (N-H to N-D) the curves were
recorded again. The singlet (6 8.6-8.8) of the picrate
anion was taken as proton-counting reference; the num-
ber of N-H resulted directly from the integration curves
or from the difference with those obtained after addition
of methanol-d,. The number found for N-H was usually
within 0 to —109%, of the correct one.

The spectra do not show separated signals for E-Z
isomers?4, The N-H signals are generally characterized
by: d-values in the range 6.7-8.2; half-band width (Wy,,)
5-18 Hz; they disappear with methanol-d,; d-values are
not changed or are slightly decreased (less than 0.1 ppm)
by methanol. An aryl substituent produces: a strong
downfield shift of the Ar—N—H signal; a small effect on the
protons of the other N-atoms; the N-H resonances
disappear (‘averaged” with MeO-H) or are strongly
broadened by methanol.

The aromatic-H signals are distinguished because they
are not removed by methanol-d,. The N-H signals of
amines (as picrate salts) are usually very broad (Wy,
> 40 Hz) and disappear by methanol. The O-H (W ,, ca.
2 Hz) or N-H (W,,, > 40 Hz) signals of phenols and
carboxamides are shifted downfield (0.2-0.3 ppm) by
methanol.

After the presence of the guanidinium group has been.

ascertained, its substitution pattern results in many
examples from the N-H signals in the spectra measured
in plain acetone. Thus, an example (R! = R?® = cyclo-
hexyl; R2 = R* = R® = H) exhibits 4 N-H distributed
in 2 signals (6 7.06 and 7.26; area ratio 1:3) partially
superposed; these data indicate mon-equivalent N-H
groups, and therefore the compound is a Ny, N,-disubsti-
tuted guanidinium. The observed area ratio is due to
superposition of the lower-field component of the splitted
N-H signal (doublet; two H-N-C-H) with the NH,
singlet. The splitting is confirmed by decoupling with
ferric chloride.

The scope is widened, including the results in acetone-
dg, which allows the observation of the N-C-H signals
at 8 3.0-4.3; an adjacent aryl group (N-CH-Ar) produces
a downfield shift (5 4.5-4.9). The method now takes into
account: number of guanidinium N-H; occurrence of a
singlet or more N—H signals arising from non-equivalence
or spin-spin coupling with N-C-H; number of N-C-H
multiplets simplified by methanol-d,.

One example is given in detail (R! = R? = ethyl;
R3 = methyl; R* = H; R® = benzyl) which gives a
sharp signal at § 7.33 that in its base is partially super-
posed with a broad signal (total area 7 H). After addition
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of methanol-d, it remains a 5H-singlet (aromatic-H),
indicating that the compound is a tetra-substituted
guanidinium. Besides, methanol-d, simplifies two doublets
to give the corresponding singlets at § 3.00 and 4.55;
this implies that two of the substituents are located on
N-atoms bearing a proton responsible of the N-C-H
splittings. Then, the compound is a N,,N;,N,, N,-tetra-
substituted guanidinium,

Some of the compounds were also measured using
plain and hexadeuterated dimethylsulphoxide as solvents;
the results were generally similar to those quoted above.
These solvents are mainly useful for low soluble picrates
(e.g. R? = R? = methyl; R® = R* = R5 = H).
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Double Stranded Ribonuclease Activity in Human Lymphocyte Nuclei

U. ToreLLI, St. FErrARI, G. ToreLLl, R. Caposst and S. FERRaRI

Istituto di Patologia Medica dell’ Universita, Via del Pozzo 71, I-41700 Modena (Ifaly), 8 October 1978.

Summary. Ribonuclease activity directed against the synthetic duplex polyrC:polyr] was detected in nuclear extracts
from both unstimulated and PHA-stimulated human lymphocytes. In the latter cells, the activity was about twice

that of small lymphocytes.

It has been shown- that human small lymphocytes
synthesize mainly unmethylated rapidly sedimenting RN A
molecules which hybridize very efficiently to DNA in
vitro and are bound to polyadenylic sequences in a
proportion up to 209% 2, It was thus concluded that the
major portion of the RNA synthesized in these cells is
the heterogeneous nuclear RNA, Since it has been shown

by several authors that a significant portion of nuclear
RNA of the heterogeneous type in animal cells is in an
RNase-resistant form with properties of double-stranded

1 U. ToreLrr, P. HENRY and S. WrIssMAN, J. clin. Invest. 47, 1083
(1968).
2 U, TorELLL and G, ToRELLI, Acta haemat, 57, 140 (1974). -
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EXPERIENTIA 32/3

Ribonuclease activity directed against single-stranded and double-stranded synthetic polyribonucleotides in nuclei of unstimulated and

PHA-stimulated normal human lymphocytes

Donor No. Substrate Small lymphocytes PHA-stimulated lymphocytes
Control incubation Substrate radioactivity Controlincubation Substrate radioactivity
(cpm) hydrolyzed (%) (cpm) hydrolyzed (%)
1 3H-polyC-polyl 6450 11 6450 25
3H-polyrC 5100 12 5100 15
2 3H-polyrC-polyrl 4430 13 4430 27
#H-polyrC 4500 11 4500 13
3 3H-polyrC-polyrl 5200 27 5200 56
*H-polyrC 2800 18 2800 21

After dissolution of the nucleiin 1 M NaCl buffer, the extract was dialyzed against 0.14 M NaCl buffer and incubations performed in buffer

of this molarity.

RNA3®-7 it was not unexpected to observe that about 29,
of the totallabelled cell RNA of small lymphocytes shows
double-stranded properties®.

At variance with that observed in several animal cell
types, the turnover rate of heterogeneous nuclear RNA in
small lymphocytes appears remarkably low, as suggested
by the association of the majority of a labelled precursor
with rapidly sedimenting molecules even after several
hours of actinomycin chase!s2. This conclusion is also
supported by the observation that cold uridine chase for
several hours does not significantly change the propor-
tion of labelled double-stranded RNAS#:°.

Phytohemagglutinin (PHA) stimulation of small
lymphocytes brings about a sharp change in metabolism
of nuclear lymphocyte RNA, characterized by a large
increase in the rate of synthesis and processing of riboso-
mal precursor RNA, as well as by increase in turnover
rate of the heterogeneous nuclear RNAL?2 Very little
information is so far available about enzyme systems
involved in metabolism of nuclear lymphocyte RNA.
The presence of double-stranded RNA segments in hete-
rogeneous nuclear RNA justifies the hypothesis that the
cleavage of the large RNA molecules of this RNA class
involves the activity of an enzyme with a definite pre-
ference for double-stranded RNA, in a manner similar to
what has been recently demonstrated in bacterial cells.
In these cells, in fact, it was recently observed that

ribonuclease III, an enzyme highly specific for double-

stranded RNA, has a key role in processing of messenger
as well as ribosomal RNA precursors10-13,

This paper shortly reports the results of a group of
experiments carried out in our laboratory to assay in
lymphocyte nuclei, before and after PHA stimulation,
the activity of a ribonuclease able to digest double-
stranded regions of RNA.

Materials and methods. Human small lymphocytes were
obtained from the peripheral blood of 3 normal donors.
Heparinized blood was sedimented by gravity and lym-
phocyte suspensions, with granulocyte contamination
lower than 0.59,, were prepared by f{iltration of the
supernatant through commercial nylon fibres, according
to the technique already described!. Cultures were set up
in Eagle’s medium with 209, autologous plasma at the
average cell concentration of 2 X 108 cells per ml. The total
lymphocyte yield from each donor (2.6 to 3 X10% lym-
phocytes) was divided into 2 equal parts, one of which was
immediately harvested and the nuclei separated. The other
part was incubated at 37°C for 24 h after addition of PHA
solution (Wellcome, Reagent Grade) at the concentration
of 0.02 ml/ml, and then harvested. Nuclei of high purity

were obtained without mechanical shearing by a minor
modification of the method of TakakuUsU et al.l4, using a
mixture of detergent solutions containing sodium deoxy-
cholate and Triton WR 1339. The harvested cells were
washed twice with 50 ml of sucrose buffer (0.15 M sucrose,
0.005 M CaCl,, 0.025 M Tris - HCl, pH 7.1). The washed
cells were resuspended in 15 ml of the same buffer, and an
equal volume of detergent solution (0.259%, sodium deoxy-
cholate, 0.59, Triton) was added, and the suspension
shaken gently by hand for 5 min. The suspension was then
diluted with 100 ml of sucrose buffer to prevent further
detergent activity, and then centrifuged at 1500 rpm for
10 min, to eliminate the cytoplasmic components in the
supernatant. The resulting pellet of nuclei was washed
thrice with 20 ml of 0.25 M sucrose buffer at 4°C. Micro-
scopic examination of Giemsa-stained nuclei showed that
the nuclear chromatin and nucleolar structure were well
preserved, and that only a very few nuclei retained small
cytoplasmic tags. The washed pellet was then easily and
evenly dissolved in 10 ml of buffer (1 M NaCl, 0.02 M
Tris - HCI, MgAcet. 0.01 M, pH 7.6), and 50-200 ul
aliquots were separated and used in the enzyme assay.
A portion of this solution was dialyzed for 72 h against
0.14 M NaCl buffer. The precipitated deoxyribonucleo-
protein was then separated by centrifugation and the
supernatant again tested for double-stranded ribonuclease
activity.

Synthetic substrate for the enzyme assay was prepared
from equimolar amounts of polyrl and polyrC containing
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SH-polyrC. All polymers were from Miles. Polyrl was
dissolved in 0.02 M Tvis buffer (pH 7.8) containing 0.1 M
NaCl and extracted twice with buffer saturated phenol.
The aqueous phase was then dialyzed in the same buffer to
eliminate minimal traces of phenol. *H-polyrC was diluted
with 0.02 M Tris buffer and dialyzed to eliminate ethanol
from the commercial preparation. While in initial
experiments phenol extraction was performed, this was
found unnecessary in further trials. The formation of the

bihelical homopolymer duplex 3H-polyrC:polyrl was .

evaluated by the hypochromic effect at 233 nm. The
temperature of the product was found between 60°C
and 70°C in 0.1 M NaCl. The duplex was also tested for
stability to digestion by RNase B (Worthington) for
30 min at 37°C. For concentrations of the enzyme up to
1 pg/ml, no effect was observed on the amount of acid
precipitable counts of the duplex in most preparations of
3H-polyrC: polyrl, whereas the single stranded 3H-polyrC
was made completely acid soluble. The reaction mixture

contained an amount of *H-polyrC:polyrl equivalent to -

about 0.5 nmoles of P and variable amounts of nuclear
extracts in a final volume of 1 ml of buffer (1 M or 0.14 M
NaCl, 0.01 M MgAcet. and 0.02 M Tvis - HCl). The
reaction was stopped after 30 min by addition of 2 ml
of 10%, cold TCA. 50 pg of albumin were added as carrier,
and the precipitate was filtered through Millipore filters
(HAWP25). The filters were dried and counted in a
Packard Tricarb scintillation spectrometer. Assays were
always performed in duplicate, and average values are
presented.

Results. All the nuclear extracts assayed in our experi-
ments displayed a significant digesting activity on the
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double-stranded substrate. Results obtained with reac-
tion mixtures in 0.14 M NaCl buffer are shown in the
Table. The proportion of substrate radioactivity digested
in buffer of this molarity was always greater than that
observed in 1 M NaCl buffer, even though control
experiments showed that a significant amount of activity
was still bound to the precipitate formed after dialysis.
The rate of hydrolysis of the labelled duplex was irregular
and proportionality to the amount of nuclear extract
added to the reaction mixture could not be demonstrated.
All the results shown in the Table were obtained with 200 pl
of extract, corresponding to about 3 X 10% nuclei. The
activity in this amount of nuclei from unstimulated lym-~
phocytes of donor No. 2 brought to hydrolysis of 0.08
nmoles of double-stranded substrate, whereas the activity
in the same number of nuclei, after 24 h of PHA stimula-
tion, brought to hydrolysis of 0.17 nmoles of substrate.
Single-stranded ribonuclease activity was present in
each of the samples where double-stranded ribonuclease
activity was detected. However, in all donors examined,
double-stranded ribonuclease activity in nuclei of PHA-
stimulated lymphocytes was about twice that before
stimulation. On the contrary, only a small average in-
crease in single stranded ribonuclease activity was ob-
served in lymphocyte nuclei after PHA stimulation.
Furthermore, hydrolysis of 3H-polyrC was markedly
stimulated by EDTA, which had, on the contrary, a
slight inhibitory action on double-stranded ribonuclease
activity. These results suggest that single-stranded and
double-stranded ribonuclease activities are associated
with different nuclear proteins. Experiments are now in
progress in the attempt to separate these proteins.

Dissociation-Constants of Metal-Ion-Complexes with Alkaline Phosphatase from Pig Kidney

B. P. AckErMANNT! and J. AHLERS?

Institut fitv Biochemie der Universitdt Maing, J.-J.-Becher-Weg 28, D-65 Mainz (German Fedeval Republic, BRD),

16 July 1975.

Summary. Using metal-ion buffers it was possible to remove Zn?+, Mg?+ and Mn?+ ions of pig kidney alkaline phospha-
tase reversibly. The dissociation constants obtained are Kgmg: 4 - 10-7 M, Kgyn: 4 - 10-8 M and Kgzn: 8 - 10-13 M

(22°C, pH: 9.6, p.: 0.07).

Alkaline phosphatase (EC 3.1.3.1) is a metal-containing
enzyme. It requires Zn®+ ions both for preservation of its
structure and for its enzymic activity (e.g. ref.?). Zinc
may be replaced by cobalt, copper, cadmium, nickel or
manganese?-7. In addition to these metal ions, the
alkaline phosphatase from mammalian tissue needs Mg+
ions for activity®9. Other divalent cations, especially
Mn2+, Co?+, Ni2+® and Ca?+ have been reported to be
capable of replacing Mg?+ as activator. Most of these
experiments have been performed in the absence of
complexing agents. Therefore, due to contamination of
the reagents and of the enzyme preparation, there are
various metal ions in the assay. Furthermore, the con-
centration of metal ions were varied in only a few cases.

We determined the dissociation constants of several
metal ion complexes with alkaline phosphatase in the
presence of a suitable complexing agent under conditions
which guarantee that the removal of metal ions is rever-
sible and that an equilibrium is achieved. Furthermore,
we solved the problems arising from a system consisting
of more than one sort of metal ion, complexing agent and
protein by means of a FORTRAN IV program or an
approximate formula,

Experimental. All chemicals were obtained from E.
Merck, Darmstadt, Germany. Pig kidneys were used as
source for the alkaline phosphatase.

Methods. The preparation of pig kidney alkaline phos-
phatase and the determination of enzyme activity was
described recently®1°. The test medium for kinetic mea-

1 Acknowledgements: The authors thank Dr. H. U, Wovr for helpful
suggestions and valuable discussion and Miss H. KotH for technical
assistance.

2 Present address: Dr. JAN AnLERs, Zentralinstitut fiir Biochemie
und Biophysik, Ehrenbergstrasse 26-28, 1 Berlin 33, BRD.

3 C. Lazpunskl and M. Lazpuxski, Eur. J. Biochem. 7, 294 (1969).

4 C. Lazpunski, C. PEritcLEre and M. Lazpuwnskr, Eur. J. Bio-
chem. 8, 510 (1969).

5 M. L. ArpLEBURY and J. E. CorLemAN, J. biol. Chem. 244, 308
(1969).

8 C. PeTITCLERC, C. LAZDUNSKI, D. CHAPPELET, A. MOULING and
M. Lazpunski, Eur. J. Biochem. 74, 301 (1970).

7 H. Csoraxk and K. E. FaLk, FEBS-Lett. 7, 147 (1970).

8 J. Aurers, Biochem. J. 747, 257 (1974).

9 C. BruNEL and G. CarmaLA, Biochim. biophys. Acta 309, 104
(1973). .

10 J. AHLERs, Biochem. J. 749, 535 (1975).



