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Here, we report the results of investigation of the reactions between cobalamins (Cbls) and hypothiocyanite (OSCN–), 
a product of thiocyanate oxidation by hydrogen peroxide in the presence of lactoperoxidase. In the case of aquacobalamin, 
the product, the UV-vis spectrum of which differs from the UV-vis spectra of Cbl(III)-complexes with SCN–, SO3

2-, OCN– 
and CN– anions, is formed and attributed to hypothiocyanitocobalamin. This complex reacts with selenomethionine at 
substantially lower rate than the free OSCN–. Cyano- and methyl-Cbls are relatively stable in the presence of OSCN–. 
Glutathionylcobalamin is transformed to hypothiocyanitocobalamin in the presence of OSCN– excess via the oxidation 
of glutathionyl-ligand and subsequent binding of OSCN– by Cbl(III). 
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Взаимодействие Co(III)-форм кобаламинов с гипотиоцианитом. 
Подтверждение образования гипотиоцианитокобаламина

И. А. Деревеньков,@ В. С. Осокин 

Ивановский государственный химико-технологический университет, 153000 Иваново, Россия
@E-mail: derevenkov@gmail.com 

Представлены результаты исследования реакций кобаламинов (Cbls) и гипотиоцианитом (OSCN–), 
образующимся в результате окисления тиоцианата пероксидом водорода в присутствии лактопероксидазы. 
При взаимодействии аквакобаламина с OSCN– образуется продукт, который имел электронный спектр 
поглощения (ЭСП), отличающийся от ЭСП комплексов Cbl(III) с SCN–, OCN–, SO3

2- и CN–, и был отнесен к 
гипотиоцианитокобаламину. Этот комплекс реагирует с селенометионином значительно медленнее, чем 
свободный гипотиоцианит. Показано, что циано- и метилкобаламины устойчивы в присутствии OSCN–. 
Глутатионилкобаламин переходит в гипотиоцианитокобаламин в присутствии избытка OSCN– через 
окисление глутатионильного лиганда и последующее связывание OSCN– Co(III)-кобаламином.

Ключевые слова: Кобаламины, гипотиоцианит, лактопероксидаза, тиоцианат, координация.

Hypothiocyanite (OSCN–) is the product of thio-
cyanate (SCN–) oxidation by hydrogen peroxide mediated 
by peroxidases (i.e., lacto-, myelo- and eosinophile peroxi-
dases).[1] Reactions between SCN– with several other oxi-
dants (i.e., hypochlorite,[2a] hypobromite,[2b] chloramine,[2c] 
peroxomonosulfate[2d]) lead to OSCN– as well. OSCN– 
is an important component of immune system damaging 
the pathogen cells.[3] However, several negative effects 
on human health are associated with OSCN–.[4] In contrast 

to the other products generated by above-mentioned peroxi-
dases (viz., hypochlorite and hypobromite), it is a relatively 
soft oxidant predominantly reacting with thiol groups.[5] 
Reactions of OSCN– with selenium species (e.g., selenols 
and selenomethionine),[6] tryptophane,[7] and other sub-
strates have been reported as well. Several works analyze 
the stability of OSCN–.[8] However, there is a little atten-
tion paid to the coordination properties of OSCN–. Only 
transient formation of OSCN– bound to ruthenium(III) ion 
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was suggested in the course of SCN– oxidation by H2O2 
or peroxomonosulfate in the presence of Ru(III)(edta) 
complex.[9] 

Cobalamins (Cbls) are the ubiquitous cobalt corrin 
complexes.[10] Cbls are cofactors for methionine synthase 
and methylmalonyl-CoA mutase.[11] Behavior of Cbls 
in the catalysis[12] and medicine[13] has been thoroughly 
highlighted as well. Co(III)-ion in aquacobalamin 
(H2OCbl) is capable of binding various anionic and neutral 
ligands.[14] For example, Cbl(III) forms a tight complex with 
CN– (K = 1·1012 M–1)[15] and much weaker complexes with 
SCN– (K = 1.1·103 M–1 at 25.0 °C, I = 2.2 M)[16] and OCN– 
(K = 3.7·102 M–1 at 25.0 °C, I = 2.2 M).[16a] In this work, 
we have examined complexation of OSCN– with H2OCbl 
in weakly acidic medium.

Figure 1. UV-vis spectra collected after mixing of H2OCbl 
(5.0·10–5 M) with LPO (ca. 0.6 U/mL), SCN– (2.0 mM) and H2O2 
(2.0 mM) at pH 6.5 and 25.0 °C. Mixture of LPO (ca. 0.6 U/mL), 
SCN– (2.0 mM) and H2O2 (2.0 mM) at pH 6.5 generates 
[OSCN–] = 1.0 mM. Time interval between spectra is 1 min. 
The initial spectrum corresponds to thiocyanatocobalamin, 
the final spectrum – to new Cbl(III) complex.

The addition of H2OCbl to the mixture of lactoper-
oxidase (LPO), SCN– and H2O2 results in rapid formation 
of thiocyanatocobalamin and further slower reaction illus-
trated by UV-vis spectral changes (Figure 1), i.e. an increase 
in absorbance is observed between 375–540 nm. These 
observations cannot be explained by the absorbance of free 
OSCN–, which exhibits very weak peak at 376 nm (extinc-
tion coefficient is 26.5 M–1·cm–1) and negligibly absorbs 
at 410–540 nm (Figure S1 of Supporting Information).[17] 
The products of OSCN– decomposition (viz., OCN–, SO3

2– 
and CN–)[8c,17] are capable of binding to Cbl(III), however, 
their UV-vis spectra (Figure 2) do not support formation 
of cyano-, sulfito- and cyanatocobalamins in the H2OCbl/
LPO/SCN–/H2O2 system. Similar UV-vis spectral changes 
were obtained upon mixing of H2OCbl with OSCN–/SCN– 
mixture prepared via basic hydrolysis of thiocyanogen 
((SCN)2; Figure S2).[8a,17] UV-vis spectral changes illustrated 
in Figure 1 are different from those observed for H2OCbl/
LPO/H2O2 system in the absence of SCN– (Figure S3): even 

in the presence of high LPO quantities, slow H2OCbl deg-
radation is observed. Thus, we attribute the spectra shown 
in Figure 1 to the formation of hypothiocyanitocobalamin.

Figure 2. UV-vis spectra of the product of the reaction between 
H2OCbl and the mixture of LPO (ca. 0.6 U/mL), SCN– (5.0 mM) 
and H2O2 (1.0 mM; 1), thiocyanatocobalamin (2), cyanocobalamin 
(3), H2OCbl (4), cyanatocobalamin (5) and sulfitocobalamin 
(6). [Cbls] = 5·10–5 M; pH 6.5; 25.0 °C. Mixture of LPO 
(ca. 0.6 U/mL), SCN– (5.0 mM) and H2O2 (1.0 mM) at pH 6.5 
generates [OSCN–] = 0.9 mM.

Next, behavior of the other Cbl species in LPO/SCN–/
H2O2 system was examined. Cyano- (CNCbl) and methyl-
cobalamins (MeCbl), which contain tightly bound ligands 
in the upper axial position, do not react with species derived 
from LPO/SCN–/H2O2 system (Figures S4 and S5). Gluta-
thionylcobalamin (GSCbl), another tight Cbl(III)-complex, 
undergoes transformation in LPO/SCN–/H2O2 system 
to hypothiocyanitocobalamin (Figure S6), probably, via 
oxidation of glutathione motif by OSCN–, since thiol group 
is highly reactive toward OSCN–.[5] However, substitution 
of glutathionyl-ligand by OSCN– with subsequent oxidation 
of free glutathione (GSH) by OSCN– cannot be excluded as 
well.

To determine equilibrium constant for hypothiocyan-
itocobalamin formation (K1), titration of thiocyanatocobala-
min by OSCN– in the presence of constant SCN– concentra-
tion (0.01 M) was performed (Figure S7). Using eq. (S2), 
K1 = (1.1 ± 0.2)·104 M–1 (pH 6.5; 25.0 °C) was calculated. 
This value is ca. 10-fold higher than equilibrium constant 
for thiocyanatocobalamin formation.[16a] Hypothiocyanitoco-
balamin is relatively unstable and undergoes decomposition 
to thiocyanatocobalamin (Figure 3) with the rate constant 
k = (1.2 ± 0.1)·10–3 s–1 (pH 6.3; 25.0 °C; [SCN–] = 10.0 mM).

OSCN– is reactive toward selenomethionine (Sem) 
with a rate constant of 2.8·103 M–1·s–1 (pH 7.4; 25.0 °C).[6] We 
examined how OSCN– binding to Cbl(III) affects its oxi-
dizing properties using Sem as poorly coordinating ligand 
to Cbl(III) (i.e., Sem does not bind Cbl(III) in applied con-
centration range; Figure S8). Reaction of hypothiocyanitoco-
balamin with Sem conducted under the excess of SCN– pro-
duces thiocyanatocobalamin and is characterized by the first 
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is transformed to hypothiocyanitocobalamin, probably, via 
oxidation of glutathionyl-ligand by OSCN–.
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