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Vanad:wn in Biological Systems 
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VanadiUiil is a trace element present in all known living systems. In humans 
it inhibits a wide range cf enzymes, includi~g ATPases which synthesize AT? and 
generate in ionic g:-adient, and acts as an i~sulin mimic [1]. Duri~g the early 
1970's several studies were done which supported the proposition that vanadium is 
an essential elemen~; yet, no S;Jecific function for vanadium in any living system 
could be determined [2]. 

Currently, three biological systems in which vanadium is impor~ant are being 
studied - tunicates, which concentrate vanadium from sea water; vanadium contain
ing bromoperoxidases; and vanadium nitrogenases. 

Tunicates are marine invertebrates which have been known to sequester vanad
ium. The vanadium is stored in the vacuoles of blood cells known as vanadocytes. 
The·vanadium in these organisms was originally thought to be protein bound and to 
serve as an oxygen carrier analogous to herooglohin. .This premise has· been shown 
to be untrue [3]. The vanadium in vanadocytes is stored as vanadium(III) [4] and 
is not protein bound [4b,c]. XAS and EXAFS data show that only a small fraction 
(< 10%) of vanadium in ths cells is vanadium(IV) and this amount does not change 
significantly upon aerobic cell lysis [4b]. If the vanadium in the cells is in 
the +3 oxidation state, the questions arise as to how it is tragsported into the 
cell and how the high concentration gradient (1.1M versus 5x10- M) is maintained. 
Vanadium is present in seawater as orthovanadate. This is taken into the cells 
through specific anion chc.nnels and is reduced in a two-step process to vanad
ium(III). As a V(III) cat.ion it is unable to leave the cell [5]. }lakanishi and 
coworkers have recently isolated and characterized a compound known as tunichrocne 
which may be complexed to the vanadium and may reduce the vanadium(V) as it enters 
the vacuoles [5c,6= 

Tunlelirom• from .Ascid.ia cer11tod.u 

Most brJmoper:xidase5 are :ron(I~I) he>-e pro t eins [7]; however , bromoperoxi
dases recent. : y isc:ated f~Jm se~eral species of a:gae and one type Jf lic~en were 
found to lac~ the SJret ta~d cta~acte~ istic of ~e~s prot.eins and t : be i~a~tivated 

upon additio~ of E:!A to a sol~: ion o~ the e~zyme [8 ]. Subse~uent :y , it ~as de
termined us :~g ato=i c abs:~ptio~ spectrosco;! tha: these bro~Jperox!dases con
t a ined vanac: um . ~?R stt.::i.es o:· the '.1ati ·1e anzyme sho•..ted no 5igna:, wr!i~ = the SPR 
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of the reduced enzyme showed the eight-line signal of vanad i um(IV) [8c,d]. Recon
stitution experiments show that only vanadium(V) restores activity to the enzyme 
and maximum activity is achieved at concentrations of vanadate equivalent to 2 V 
atoms per mole of enzyme [8d] 5lv NMR studies show that the vanadium is protein
bound and in the +5 oxidation state [9]. 
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For heme containing haloperoxidases the mechanism of halogenation is the subject 
of some controversy. The mechanism of halogenation of substrates by V-bromoper
oxidases is thought to be formation of BrO- followed by subsequent substrate 
halogenation because these enzymes will not oxidize substrates without a halide 
present. 

Nitrogen fixation by species of Azotobacter has been known for some time 
[10]. During genetic studies on these bacteria, it was found that mutants which 
lacked the genes coding for both nitrogenase proteins could still reduce nitrogen 
to ammonia [11]. This system has been studied and found to contain vanadium in an 
analogous fashion to molybdenum in 11 regular 11 nitrogenase [12]. The V-nitrogenase 
has two protein components, one of which is an Fe-S protein like the Fe-protein of 
nitrogenase and the other contains both [4Fe-4S] clusters and an isolatable iron
vanadium cofactor [12b,e,f]. EXAFS studies indicate that the vanadium has 4 
oxygens, 2 sulfurs, and 3 iron atoms in its coordination sphere [12c]. This is 
analogous to what has been found for mol)'~denurn in Mo-nitrogenase [1O,12d]. 
V-nitrogenase exhibits slightly different activities toward substrates than 
Mo-nitrogenase [12b,13]. 

True biological roles of vanao1um have now been found but much work remains 
to elicite the structures of the active sites of the two enzymes discussed and to 
determine the function of vanadium in tunicates. 
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