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A revised amino group pKa for prymnesins does not provide decisive
evidence for a pH-dependent mechanism of Prymnesium
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A reconsideration of the pKa values proposed by Valenti et al. (Theodore W. Valenti et al., A
mechanistic explanation for pH-dependent ambient aquatic toxicity of Prymnesium
parvum carter. Toxicon (2010) 55, 990–998) suggests that the ionization status of the C-14
amino group in prymnesins will not substantially influence the toxicity of these
compounds over a pH range of 6.5–8.5. A revised pKa value and ionization state distri-
bution for the prymnesins in aqueous systems is proposed.

� 2010 Published by Elsevier Ltd.
Since the mid-1990s, the prymnesins have been
presumed to be the major ichthyotoxic principles
produced by Prymnesium parvum (Igarashi et al., 1998;
Igarashi et al., 1996, 1999). Curiously, no other peer-
reviewed reports have emerged during the last decade
that offer conclusive quantitative analytical evidence for
the presence of prymnesins at naturally-occurring P. par-
vum bloom sites. This is why we were initially quite
enthusiastic when we learned that the authors of a recent
report published in Toxicon claimed to have developed
a mechanistic explanation for the ichthyotoxic properties
of P. parvum that was attributable to the pH-dependent
ionization status of the C-14 amino group in prymnesins
(Theodore W. Valenti et al., A mechanistic explanation for
pH-dependent ambient aquatic toxicity of Prymnesium
parvum carter. Toxicon (2010) 55). Unfortunately, our
enthusiasm dissipated when it became evident that the
authors 1) failed to provide supporting evidence that
biologically relevant concentrations of the prymnesins
were present in ichthyotoxic water samples, 2) did not
consider contradictory experimental data concerning the
substantial dissimilarities of their predicted pKa estimates
with values published for primary amines (ammonium
ions) in aqueous systems, and 3) incorrectly calculated the
ionization state distribution of prymnesins at ambient and
experimentally adjusted pH values.

Disappointingly, no analytical chemical data were
provided in the report accounting for whether the
y Elsevier Ltd.
prymnesins were present in water samples obtained from
Lakes Whitney and Granburry, or the laboratory-grown P.
parvum cultures used in their study. Without this crucial
evidence, it is impossible to know if prymnesins actually
contributed to the toxicity of these samples. Recognizing
that there is a lack of commercially available analytical
standards for prymnesins, it is understandable that proper
quantitative measurements were not performed; however,
other simple methods utilizing mass-spectrometry-based
approaches (i.e., LC-MS (Barkoh et al., 2008)) should
have been employed to support the conclusion that
prymnesins were responsible for generating an ichthyo-
toxic response. The inclusion of these supporting data is
critical since many other proposals have been put forward
concerning the chemical identity of P. parvum’s toxins
(Watson, 2001).

There is also significant concern that the pKa value
proposed by Valenti et al. for the amino groups in the
prymnesins are inaccurate. Although the pKa predictor tool
chosen by the authors (ACD) is capable of providing rela-
tively good estimations of a compound’s ionization
constant (Ka) (Meloun and Bordovská, 2007), this program
and other computational methods are still prone to sizeable
errors (Lee and Crippen, 2009) (note: according to the ACD
manufacturer’s website, ~20% of pKa estimations made
using the ACD predictor tool have an error of>0.5 pKa units
while nearly 10% suffered from inaccuracies >1 pKa units).
Given that pKa¼ –log10Ka, an error of > 0.5 pKa units can
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Fig. 1. Ionization of the prymnesin amino group using the original pKa value
of 8.9 proposed by Valenti et al. (dashed line) and the revised pKa of 10.4
(solid line).
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have significant negative consequences for assuring the
accurate prediction of a compound’s ionization state
distribution.

The curiously low pKa value of 8.9 proposed by Valenti
et al. is perhaps the consequence of a unique combination of
features regarding the ability of amino-containing
compounds to undergo transitions from cationic (R–NH3

þ)
to the neutral (R–NH2) form. Experimental data obtained for
numerous ammonium-ion-containing substances demon-
strate that the equilibrium constants of ammonia and alkyl
amines exhibit a bimodal, nonlinear response to increasing
degrees of substitution. Whereas ammonia has a pKa of 9.2
(Seybold, 2008), the majority of alkylated primary amines
exhibit much larger pKas of 10.6–10.7 in aqueous media
(Hall and Sprinkle, 1932; Seybold, 2008). Most secondary
amines exhibit pKas that are similar or even greater than the
values assigned to primary amines, while tertiary amines
present pKas that typically fall below the values observed for
primary amines. The reason for this discrepancy is due to the
fact that ammonium ion stability in water is dependent on
two factors: 1) solvation stabilization through dipole-dipole
interactions and hydrogen bonding with water and 2) weak
inductive effects of the alkyl group(s) that provide stabili-
zation of the ammonium ion and increase basicity. A simple
test performed on the model substance 4-amino-1,6-hep-
tadiene (which mimics the primary-amine-containing C-12
to C-16 portion of prymnesins) and whole prymnesin
molecules with two other robust and widely used compu-
tational tools (SPARC and ChemAxon MARVIN), yielded pKa

estimates that were in much better agreement with pub-
lished experimental results for primary amines in aqueous
systems (9.8 and 10.4, respectively). Therefore, it is reason-
able to conclude that the pKa value of 8.9 proposed by Val-
enti et al. for the C-14 amine in prymnesins was
underestimated and that a more realistic value of 10.4 – 10.7
pKa units should be considered.

Valenti et al. also state that ‘‘at pH 6.5 approximately
16% of the prymnesins are predicted to be ionized,
whereas at pH 8.5 only 0.002% are predicted to be
ionized.’’ These data were also assembled in Table 4, and it
included additional entries for the percent ionization of
prymnesins 1 and 2 to each be 0.02% at pH 7.5. However,
these results are impossible to achieve given that pKa and
pH are related to ion concentrations in the following
manner Equation (1):

pKa ¼ pH þ log10

�
½RNH3�
½RNH2�

�
(1)

Using the erroneous pKa value of 8.9 proposed by Valenti
et al., the relative amounts of nonionized prymnesin should
be 0.4%, 4.2%, and 30.3% at pH 6.5, 7.5, and 8.5, respectively
(Fig. 1). In contrast, using a revised pKa of 10.4 for the
prymnesins reveals that <0.1%, 0.1%, and 1.3% of prymne-
sins would exist in a nonionized state at pH 6.5, 7.5, and 8.5,
respectively (Fig. 1).

Could this rather small quantity of nonionized prym-
nesins (w1%) explain the changes observed in the ich-
thyotoxicity of P. parvum as was proposed by Valenti et al.?
Although this scenario is possible, it is rather improbable.
Taking into consideration that no prymnesins were
unambiguously detected in the samples, the mechanistic
basis of the toxicity proposed by these authors is unveri-
fiable. Moreover, a reassessment of computationally
derived estimates for prymnesin pKas, and the inclusion of
experimental data for the ionization state distribution of
primary amines in aqueous systems suggest that the idea of
a pH-dependent transformation of prymensins into more
potent toxins is dubious. In the future, greater care should
be exercised when considering computational chemical
data in order to avoid the dissemination of uncorroborated
claims. These actions unfortunately serve to increase the
already existing uncertainties surrounding P. parvum’s
ichthyotoxic properties.
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