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Abstract-A peroxldase tsolated from Ascophyllum nodostun was completely tnactlvated by dlalysls m pH 3 8 
atratephosphate buffer contammg EDTA The enzyme was slowly reactivated by addmg vanadmm(V) m suitable 
buffers The vanadmm(V) effect is specific to this peroxldase and IS not shared by other proteins, including 
lactoperoxldase Even small traces of vanadium(V), which can occur as lmpuntles m the salts of most other metals, are 
highly effective The K, was ca 3 5 x lo-’ M vanadium(V) 

INTRODUCTION 

Peroxldases, which are common m the Phaeophyceae [ 1, 
21, catalyse the specdic oxldatlon of iodide as found with 
iodide peroxldase (EC 1 11 1 8) However, mdlde per- 
oxldases, hke lactoperoxldase, are known to be hemo- 
proteldes In contrast to lactoperoxidase, the peroxldases 
from Ascophyllum nodosum are cyanide-msensltlve [3] In 
the one lsoenzyme (A n I ) isolated [4], the absorption 
spectrum lacked the Soret band, mdlcatmg that A n I 1s 
not a hemoprotetd 

In the course of studies of peroxldases m 
Phaeophyceae, it was observed that, apart from the pH, 
the composltlon of the various buffer solutions also has an 
effect on the activity of the peroxldases m the algal extract 
It seemed possible that the bmdmg of metal Ions, by 
forming complexes with buffer Ions, could be the cause of 
this phenomenon By adding metal Ions to enzyme 
preparations of Ascophyllum nodosum (L) Le Jobs m- 
activated by dialysis, It was possible to estabhsh whether 
peroxldase activity could at least be partly regenerated 

RIEWLTSANDDISCUSSION 

The pre-purdied extract from A nodosum ( = PEX-A) 
was mactlvated by dialysis agamst pH 3 8 citrate 
phosphate buffer with EDTA present Under the same 
condltlons, no loss of activity could be found with 
lactoperoxldase Immediately after adding various metal 
ions to inactive PEX-A, it was not possible to observe any 
peroxldase activity In atrate-phosphate buffers, the test 
remamed negative, even after 24 hr, whereas m tests with 
the other buffers m the presence of some metal Ions, 
peroxldase activity was detectable In the tests with pH 9 
Tns-HCI, peroxldase activity tended to be especially high 
The most effectwe metal ions were those of vanadmm 
compounds (see Table 1) In a basic mechum 
vanadmm(IV) 1s easily oxidtzed to vanadium(V), and so 

*Part V m the senes For Part IV see Vilter, H (1983) Bot Mar 
26,451 

Table 1 Effect of metal ions on the reactlvahon of peroxldase 
actlwty m the extract from Ascophyllum nodosum 

Concn of metal Ions in test 
% Actwlty 

x* d 

Blank (H,O) 53 +04 
91 mM V4+ 901 19 
091 mM V4+ 1040 26 
0091 mM V4+ 999 46 
182 mMV5+ 1022 24 
0182 mM Vs+ 1022 24 

182 mM Cr6+ 122 04 
91 mMCa’+ 108 03 
91 mMNHf 99 01 
91 mMK+ 86 04 
91 mMLi+ 84 02 
91 mMCo*+ 80 02 
9 1 mM Mgf+ 74 07 
91 mMNa+ 69 03 
91 mMN?+ 64 01 
91 mMZn*+ 34 01 
9 1 mM Mn*+ 25 01 
91 mM Cu*+ 17 02 
91 mMZr4+ 00 
9 1 mM Mod+ 00 
91 mMFe*+ 00 
91 mM Fe3* 00 

Reactwatlon m pH 9,0 05 M Trts-HCI Activity m percentage, 
relative to the acttwty of ahquot amounts of the PEX-A before 
dmlysls Peroxidase actlwty was determmed by the oxidation 
OfI- 

*ff = Mean value 
ta = Standard devlatlon 

for this reason It was decided to restnct further studies to 
the effects of vanadium (V) Iodide- as well as brormde- 
peroxldase actlvlty was detectable With the ad of control 
experunents, the posslblhty that peroxldases m PEX-A 
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possible to determme whether and to what extent 
vanadium(V) 1s contained m A.n I In contrast to com- 
plexes formed between uon and cyanide, no stable 
complexes between vanadium(V) and cyamde are known 
It IS then understandable that CN- does not sigmiicantly 
mhlb1t the peroxldases of A nodosutn, unhke the effect 
CN- has on the hemoprotelde lactoperoxidase [3] One 
must also remember that it was not possible to prove even 
by spectroscoplcal methods that An I was a hemo- 
protelde [4] 

Vanadium 1s an essential trace element for an&s [6], 
for Chlorellu [7-lo], Enteromorpha and Fucus [ll] 

So far, rt has not been proved with certamty that under 
natural circumstances vanadium 1s a component of an 
enzyme Tamura et al [12] have reported a synthetic 
peroxldase only with a vanadnun(IV)-porphyrin com- 
plex Nagatan1 and Bnll[13] were unable to confirm the 
synthesis of a ‘V-mtrogenase’ m Azotobucter [14-161 
when under a shortage of molybdenum, vanadium(V) was 
present According to ref [17], a certain polyphenol 
oxldase in Btomphalurra glabrata requires cations for 
actlvatlon, and vanadmm(II1) IS supposed to be partlcu- 
larly effective 

However, vanadium can also be toxic In small traces 
vanadate can operate analogously to phosphate on ac- 
count of 1ts comparable structure and so inhibit enzymes 
of phosphate metabolism [18] Except for studies of 
enzyme mh1bltlon by vanadmm(V), no other work ap- 
pears to have been done on vanadium(V) binding to 
proteins [19] The low rate of reactlvatlon of peroxldase 
A n I 1n phosphate buffer compared to Tr1s buffers can 
possibly be attnbuted to a competltlve effect due to 1ts 
structural analogy The formation of vanadate-phosphate 
polyamons can also be regarded as a possible cause Other 
reasons for the inactivation of peroxldase A n I may be 
found 1n the formation of weak complexes between 
vanadium(V) and EDTA [20] or c1tnc acid [21], as well as 
the influence of pH on the stability of the active enzyme 
complex 

EXPERIMENTAL 

Algal maternal Ascophyllum nodosum was collected m the 
vlcuuty of the Station Blolo@que Roscoff, Bnttany (France) m 
Apnl For the followmg studies ‘pre-punfied extract’ (= PEX) 
[l] as well as the peroxldase A n I [4] was isolated 

Peroxuiase actlttty was determined by the formation of I; [l], 
and on the basis of the brommatlon of l,l_dunethyl4chloro-3,5- 
cyclohexadlone [3] in accordance with ref [22] The sp act of 
A n I was calcd based on the Lowry protein assay method to be 
400 U/mg C41 

Dtscelectrophoresls For procedure and the detection of per- 
oxldases see ref [2] 

Buffers pH 3 8 0 071 M NalHPOb and 0 0645 M cltnc acid, 
pH 6 2 0 13 M Na,HPO, and 0034M atnc acid, or 005 M 
tns(hydroxymethyl)nomethane = Tns adJusted with HCI, 
pH 9 0 1 M Na,HPO, or 0 05 M Tns adJusted with HCI 

Inactrtatzon of peroxzdase actlczty The enzyme preparations 
were each dlalysed twice for 24 hr agamst pH 3 8 
citrate-phosphate buffer with 1 mM EDTA, and then twice. 
against 5 1 Hz0 

Reactttatzon by metal sons Equal vols of buffer solns were 
added to the mactlve enzyme solns Ten parts of this nnxture 
were combmed with 1 part of a soln contammg one of the 
followmg substances (up to 0 1 M) VOSO.+ 5H20 purest, 
V205 purest, K2Cr207 p A, C&I, 2Hz0 p A, NH&l p A, 

KCl p A, LlCI suprapure, CoCl, 6Hz0 p A, h4gC12 6H10 
PA* NaCl pA, WNOJ)I 6&O PA, B’J, PA, 
M&I, 4Hz0 p A, CuCI, 2H20 p A, ZrOCll 8H20 p A, 
(NH&Mo702, 4H20 p A, FeCl, 4H20 p A, FeCls 6HzO 
PA 

Peroxldase activrty was investigated unmedlately, as well 
as 24 hr after the addition of the metal ions V20s was dls- 
solved at pH el0 by the addition of NaOH and then adJusted 
to the same pH as the buffered enzyme soln with HCI To study 
the effect of vanadium(V), pH 9 Tns-HCI was used from 
tns(hydroxymethyl)ammomethane (certdied prunary standard, 
Serva) as well as HCI (suprapure, Merck) All the glass apparatus 
used was boded and subsequently nnsed out several times with 
quartzdlstdled Hz0 The solns were pipette-d by transfer pipettes 
with plastic disposable tips 

Vanadium(V)-dependent pseudoperox8dase actrvtty tests wtth 
standards Solns of the followmg substances, 1 mgjml respect- 
nely, were prepared m pH9 005 M Tns-HCI Vanadium(V) 
(0 1 ml 0 02 M) was then added per 1 ml soln and 24 hr later 
peroxldase activity was checked Lactoperoxldase from cow milk 
(Boe), ferntm from horse spleen (S), tnose phosphate lsomerase 
from rabbit muscle (Boe), tyrosmase from mushroom (S), 
glycero-3-phosphate dehydrogenase from rabbit (Boe), albumm 
from bovine serum (S), albumin from hen’s egg (S), catalase from 
bovine liver, 39ooO U/mg (S), chymotrypsmogen from bovine 
pancreas (S), y-globuhn from rabbit serum (S), thyroglobuhn 
from p1g (S), phosphorylase b from rabbit muscle (Boe), aldolase 
from rabbit muscle, 9 U/mg (S), cytochrome c from horse heart 
(S), sodium algmate (R) (Boe = Boehrmger, S = Serva, R 
= R&e1 de Hai?n) 

Thermal denaturatton The enzyme solns were heated m sealed 
test-tubes for 30mm at loo”, after which enzyme activity was 
tested 
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