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Direct infusion electrospray ionization mass spectrometry {ESI)

offers a viable quantitative approach for the rapid and accurate

determination of kinetic parameters for enzymatic reactions
involving relatively small substrates/products (up~td kDa)?

In this report, the kinetic analysis of large (uptd2 kDa) RNA
substrates is obtained directly by ESI, with no need for either
off-line or on-line separation of products from starting substrates
and without the traditional use of radioactive tracers. In contrast
with reports describing direct infusion ESI or E®IS methods

for kinetic analysig;® quantitative data are obtained in a more
rapid and direct way by using the molar fractions of products
and substrates calculated from the relative ion intensities, with
no need for internal standards or calibration curves.

The reaction investigated involves ricin, which is a powerful
cytotoxic protein that compromises the ribosomal function in
protein synthesis by attacking a universally conserved hairpin in
the 28S subunit of eucaryotic rRNAThe catalytic activity of
this heterodimeric glycoprotein is afforded by the A-chain, which
hydrolyzes the N-glycosidic bond of an essential adenine in the
ribosomal elongation site, blocking the association of elongation
factors, the binding of aminoacyl-tRNA, and the translocation
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Figure 1. Sequences of the HIV--RNA site (a) and of the model
hairpins employed for his study: SL3 (b), SL4 (c), and 35mer hairpin
from 28S rRNA (d). The sequences of intgctRNA, SL3, and SL4 are
drawn according to ref 11e; the 35mer hairpin was plotted according to
ref 9c.

also called the packaging signal, is a highly conserved region of
viral genome that is essential to the dimerization and encapsidation
of genomic RNA in the final maturation of the virid#.

The capability of direct infusion ESI to provide quantitative
data for RNA substrates was tested on a 35mer oligonucleotide
(Figure 1d) with sequence corresponding to the classic sarcin
ricin loop (SRL) from 28S rRNA. The hydrolysis of adenine
was monitored by following the loss of 117.1 Da from the starting
hairpin as a function of time. The experimental procetfure
includes the use of ammonium citrate buffer at pH 5.0 for both
reaction medium and ESI analysis. This pH was selected as a
compromise between the optimal pH reported for the reaction of
ricin with the 35mer SRL (pH 7.8 and that for smaller stem-
loop hairpins (pH 4.0}31* Ammonium citrate was also preferred
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of killing one cell® For this reason, ricin has been investigated

for possible use in virus and cancer therapy as the cytotoxic
component of immunotoxins prepared by conjugation with

antibodies targeting viral or neoplastic antigéns.

While ricin has proven active against the ribosomal RNA of
HIV-infected cells, it has failed to produce detectable depurination
of purified viral RNA7 The putative recognition sequence for
the toxin includes a double-stranded stem and a GAGA tetra-

nucleotide single-stranded loop (the susceptible adenine is

underlined}® This exact motif is replicated by the stem-loop
hairpin SL4 present in the-RNA site of HIV-1 (Figure 1a}?
which suggests the region as a possible target for ricin. This site,
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A-chain with different concentrations of HIV-1 SL4 hairpin after 5 min
incubation (less than 10% reaction) in 10 mM ammonium citrate buffer
(pH adjusted to 5.0).

Figure 2. (a) Electrospray mass spectra of 35mer hairpin from 28S rRNA
after incubation with ricin A-chain for 0, 15, and 120 min. The region
including the [M — 7H*]7~ species is shown. (b) Electrospray mass
spectra of SL4 hairpin from HIV-1)-RNA after incubation with ricin
A-chain for 0, 60, and 180 min. The region including the fV4H*]4- construct a double-reciprocal plot, which providéd= 19+ 3
species is shown. uM and ke = 0.214 0.03 mirr?, as compared t013,6M and
0.023 mir?, respectively, obtained by Gl et al. at a different
for its ability to displace and chelate alkali cations, thus reducing pH (pH 7.6) and using radioactive labels and gel electrophoi¢sis.
the incidence of adducts, which are frequently observed in mass Close correlation with these previously reported results pro-
spectrometric analysis of nucleic acids. vided validation to the ESI-based method, which was then applied
The negative ion mode ESI mass spectra of a solution to the reaction of SL4 from HIV-1 (Figure 1c). ESI spectra at
containing ricin A-chain and 35mer hairpin at incubation times incubation times of 0, 60, and 180 min are shown in Figure 2b.
of 0, 15, and 120 min are shown in Figure 2a. The major species The charge state distribution spans from fM3H*]3~ to [M —
present in the RNA preparation used as substrate was the 35meBbH*]>~ and provides an experimental mass of 5432.2.5 Da
RNA (experimental mass 11 5664 1.8 Da, calculated from (5431.1 Da average molecular weight calculated from sequence)
sequence 11 562.1 Da). Minor components were identified as afor the 16mer SL4. Small percentages of a 17mer hairpin, which
34mer failure sequence lacking one U at theld (exp—306.3 includes an extra C (expt+305.2 Da) at the '3end, and of a
Da); a 35mer including a nucleotide diphosphate (NDP) at the 16mer, which begins with a diphosphate at thed (exp—80.0
5'-end, instead of a triphosphate nucleotide (NTP) (exf0.0 Da), are also detected. Loss of adenine from each of these species
Da); and a 36mer including an extra C at tte=8d (exp+305.4 is readily observed and is complete after 180 min incubation with
Da). These RNA oligonucleotides with slightly different lengths ricin A-chain. Data obtained with different concentrations of
are not resolved by preparative-scale polyacrylamide gel elec- substrate were used to construct a double-reciprocal plot (Figure
trophoresis, which shows only sharply defined bands for the 3) that providedK,, = 64 £11 uM andkeg = 1.4+ 0.2 min %,
polymerase products. This is the first experimental evidence that ricin efficiently
Signals corresponding to depurinated analogues of all the depurinates in vitro the stem-loop SL4 from HIV-1, in stark
species present in the starting mixture progressively increasecontrast with a recent report, which used as a substrate the entire
during the course of the reaction and are the only ions detectedgenomic RNA purified from the virus§Denaturation of SL4 by
after 120 min. These results confirm that ricin is capable of decreasing the pH to 2.0 and then returning it to 5.0, without
performing depurination under the low-ionic-strength, no-glycerol proper temperature-aided annealing, also caused a loss of activity.
conditions that are best suited for direct electrospray analysis. This confirms the need for the substrate to possess a well-defined
Concentrations of substrate and product for the kinetic deter- three-dimensional structure, with the adenine base protruding from
minations were calculated using the molar fractions obtained the loop and accessible to the solvent and the enZyhe.
directly from the relative ion intensities, knowing the initial Hydrolysis by ricin A-chain was also attempted on SL3, the
substrate concentration. In this particular case, in which a large hairpin contiguous to SL4 in the¢-RNA site. SL3 includes a
substrate loses a relatively small and neutral group, a reasonableGGAG motif, which is not a stable tetralo®g (Figure 1b). This
assumption can be made that substrate and product havereaction showed no evidence of depurination, confirming the
comparable ionization efficiency and there is no appreciable specificity of the GAGA recognition sequence for ricin A-chain
detection discrimination between the two. This assumption is at 1 «M concentration.
supported by the fact that negative charges are carried by In summary, we have demonstrated that direct infusion ESI
phosphate groups in the phosphodiester chain, while the catalyticmass spectrometry can provide a rapid and quantitative method
reaction releases a formally neutral group (adenine base), whichfor detection and kinetics analysis of structure-specific depuri-
does not carry any negative charge. This was confirmed by the nation of RNA hairpins by ricin. Viable kinetics data can be
full range ESI spectra (not shown), which revealed no appreciable obtained for large RNA substrates and potentially for mixtures
change in the charge state distribution for substrates and productshereof, with no need for separation of products from starting
upon adenine hydrolysis. To compare these results with thosesubstrates, nor for internal standards or calibration curves. In
provided by standard methods, which are not capable of resolvingaddition, in contrast with previous findinggicin is shown to
the individual contributions from slightly different components specifically depurinate the SL4 stem-loop of the HI\igtrec-
in the substrate mixture, the initial concentration is assumed to ognition element, suggesting SL4 as a possible target for the
correspond solely to the major species 35mer. proposed development of ricin-based immunotoxins for the
Experimental data obtained by reaction @i ricin A-chain treatment of AIDS*
with different initial concentrations of 35mer RNA were used to
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