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The neutrophil enzyme myeloperoxidase (MPO) pur- 
posefully makes hypochlorous acid (HOC1) as part of 
the cells defence against microbial infections. During 
cell lysis, however, MPO will be released into the 
extracellular environment where production of HOC1, 
a powerful oxidant, will lead to molecular damage. 
Extracellular MPO binds to the copper-containing pro- 
tein caeruloplasmin (Cp) and prevents MPO making 
HOC1. Cp has several important antioxidant func- 
tions in extracellular fluids associated with its ability 
to catalyse oxidation of ferrous ions and to remove 
peroxides. The binding of MPO to Cp did not inhibit 
these important extracellular antioxidant activities of 
Cp, but in so doing it provided additional antioxidant 
protection against formation of HOC1. 

Keywords: Antioxidants, reactive oxygen species, 
caeruloplasmin, myeloperoxidase, hypochlorous acid, iron 

Abbreviations: MPO, myeloperoxidase; Cp, caeruloplasmin; 
RIS, reactive iron species; HSA, human serum albumin; 
GSH, glutathione reduced form; TCA, trichloroacetic acid; 

! DTNB, 5,5-dithiobis-(2-nitrobenzoic acid); 
TNB, Thio-bis-(2-nitrobenzoic acid); 
ROS, reactive oxygen species 

I N T R O D U C T I O N  

Caeru lop lasmin  (Cp) is the major  copper-conta in-  
ing prote in  of h u m a n  p lasma,  and  its levels 

r espond  to t issue injury th rough  the acute phase  
response.  Cp has several  oxidase activities in vitro, 

the mos t  impor tan t  and  physiological ly  re levant  
of these is its ability to catalyse the oxidat ion of 
ferrous ions to the less reactive ferric state 
(ferroxidase activity). Ell This latter funct ion is 

considered an impor t an t  ant ioxidant  p rope r ty  of 
Cp in vivo.L21 More  recently, Kim and colleagues [3] 

descr ibed a th io l -dependent  peroxidase  activity 
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associated with Cp. Since Cp can remove both 
hydrogen peroxide (H202) and lipid hydro- 
peroxides (LOOH) at concentrations of reduced 
glutathione (GSH) found in certain body fluids, [4] 
it may have a role in controlling peroxide and iron 
levels in lung lining fluid. L4j 

Segelmark and colleagues L51 recently estab- 
lished that native Cp binds to the neutrophil- 
derived enzyme myloperoxidase (MPO) under 
physiological conditions of pH and ionic strength, 
and that such binding inhibits the peroxidase 
activity of MPO in a dose-dependent manner. ~1 
MPO is a major intracellular protein of the 
neutrophil that can be released by exocytosis or 
by cell necrosis into the plasma, or other extra- 
cellular fluids, during an inflammatory response. 
In the presence of H202 and chloride ions (C1-) 
MPO intraceIIularly catalyses the purposeful 
formation of the powerful oxidant hypochlorous 
acid (HOC1). HOC1 plays an important role in 
microbial killing by the immune system. When, 
however, HOC1 is released extracellularly in an 
uncontrolled way it is a powerfully damaging 
oxidant. [6] 

Regulating and controlling unwanted HOC1 
formation in extracellular fluids by binding Cp to 
MPO would be biologically advantageous, [51 pro- 
vided that the important antioxidant functions of 
Cp, such as its ferroxidase and peroxidase activ- 
ities, were not significantly impaired. The present 
study was undertaken to assess the effect of MPO 
binding on the antioxidant activities of Cp. 

MATERIALS AND METHODS 

Cp (human) was obtained from Calbiochem (CA, 
USA) and the purity of the protein was estimated 
by sodium dodecyl sulfate-polyacrylmide gel 
electrophoresis. Human serum albumin (HSA), 
o-dianisidine dihydrochloride, GSH, conalbumin 
(egg white apotransferrin) were obtained from the 
Sigma (MO, USA) Chemical company. MPO, 5,5'- 
dithiobis-(2-nitrobenzoic acid) (DTNB), taurine, 
trichloroacetic acid (TCA), potassium thiocyanate 
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(KSCN), FeSO4.7H20, Hepes, 4,4'-diaminodi- 
phenylsulfone (dapsone), sodium hypochlorite 
(NaHOC1), and catalase were purchased from 
Wako (Osaka, Japan). Microcon-10 was obtained 
from Amicon (MA, USA). Radial immunodiffu- 
sion plates for Cp immunoreactivity were pur- 
chased from Dade Behring (Milton Keynes, UK). 

Measurement of MPO Activity as 
HOC1 Formation 

Generation of HOC1 was determined as taurine- 
chloramine formation; E7] I mM Thio-bis-(2-nitro- 
benzoic acid) (TNB) was prepared by dissolving 
2 mM DTNB in 50 mM phosphate buffer, pH 7.4. 
The solution of DTNB is titrated to pH 12 with 
sodium hydroxide to promote its hydrolysis, and 
after 5 min the pH was brought back to pH 7.4 
with hydrochloric acid. Reactions were started by 
adding the complete MPO system (100 ~tM H202, 
7nM MPO, 150 mM NaC1) and sample in buffer 
containing 10mM taurine, and incubating at 
37°C. Reactions were stopped after 10min by 
adding 50 ~tg/ml catalase, followed by addition of 
TNB (50 ~tl, I mM). After 5 min the absorbance at 
412 nm was determined and the amount of HOC1 
generated was calculated from a standard curve 
using aliquots of 10 mM taurine buffer to which 
known amounts of NaHOCI (A292nm, c =  
350 M -1. cm 1) had been added. 

Cp Ferroxidase Activity 

Ferroxidase activity of Cp was assayed by mea- 
suring the oxidation of ferrous ions to the ferric 
state, at pH 5.5. [sl Ferric ions bind to apotransfer- 
rin to produce a pink complex (A460 nm). In 
this assay, conalbumin (egg-white apotransferrin) 
was substituted for apotransferrin. 

Cp Amine Oxidase Activity 

Amine oxidase activity of Cp was determined by 
using 0-dianisidine. ~91 Acetate buffer 0.75 ml (pH 
5.0, 0.1 M) and sample 50 ~tl were pre-incubated 
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for 5 rain at 37°C. To start the reaction 0-dianisi- 
dine dihydrochloride (200 bd, 7.9 mM) was added 
to test tubes 1 and 2. The reaction was stopped 
after 5min (tube 1) or 15min (tube 2) by the 
addition of 2 ml 9 M sulfuric acid. The absorbance 
of each tube was measured at 540 nm against a 
water blank, and the activity of Cp calculated 
from the change in absorbance using the molar 
extinction coefficient (c = 9.6 mM i. cm 1) of 
0-dianisidine as described by Lehmann et al. [9] 

Cp Glutathione Peroxidase Activity 

The peroxidase activity of Cp was determined 
by using the KSCN method. [1°~ The reaction was 
started by addition of 500 gM H 2 0  2 into 50 ~tl of 
reaction mixture containing 500 I~M GSH, 50 mM 
Hepes buffer (pH 7.0), and an appropriate 
amount of sample and incubated at 37°C. After 
40 min the 50 gl reaction mixture was added to 
0.8 ml TCA solution to stop the reaction, followed 
by addition of 200 I-tl of 10 mM FeSO4 and 100 gl of 
KSCN to develop a purple colour. Measurement 
of the remaining H 2 0  2 w a s  performed by mon- 
itoring the decrease in absorbance at 480 nm. To 
completely block the peroxidase activity of MPO, 
dapsone was added to MPO. [11] The incubation 
mixture contained 0.7pM MPO, 150mM NaC1, 
5 mM H202, 10 mM taurine, 0.5 mM dapsone in 
50 mM phosphate buffer (pH 7.0). Inactivation of 
MPO by dapsone was performed for I h at 37°C 
and the reaction solution was immediately ex- 
changed using a microcon-10 with 50 mM Hepes 
buffer (pH 7.0). 

Cp Immunoreactivity 

Cp immunoreactivity was determined using 
radial immunodiffusion plates containing a poly- 
clonal antibody. An equimolar mixture of Cp and 
MPO was freshly prepared, together with controls 
using albumin or saline instead of MPO. Samples 
were incubated at 37°C for 30 min. 

A 5 ~tl sample of each mixture was added to the 
wells of an immunodiffusion plate. After 48 h at 

25°C the zones were measured to quantitate the 
Cp present. 

RESULTS 

Effect of Cp on HOC1 Production by MPO 

To determine whether Cp inhibits HOC1 produc- 
tion by MPO, we incubated varying concentra- 
tions of Cp with the complete MPO-H202-C1- 
system. Analysis of HOC1 production using the 
taurine chloramine method revealed that Cp 
had a dose-dependent inhibitory effect of HOC1 
production by MPO, whilst HSA as a control 
showed no inhibitory effect (Figure 1). HOC1 
is known to react with protein, ~121 and hatch bars 
in (Figure 1) show the concentration-dependent 
removal of HOC1 by protein. 

60 

5o 
:=. 

• ~ 40 

~ 30 e,, 

10 

a b c d e f g 
* P<OOl.**:P<005 

FIGURE 1 Dose-dependent inhibition of MPO HOCI for- 
mation by Cp. The experiments are carried out by incubat- 
ing l m M  TNB and 10mM taurine in reaction solution 
(lml) for 10min at 37°C. Complete MPO system (10011M 
H 2 0 2 ,  7nM MPO, 150mM NaC1) was incubated with var- 
ious concentrations of Cp 50nM (a), 100nM (b), 250nM (c), 
500nM (d). Complete MPO system alone (f), ( f ) ÷ l m M  
methionine as a HOC1 scavenger (e) and ( f )÷  500nM HSA 
(g) were used as controls. Hatch bar shows removal of 
HOC1 by non-specific binding to protein. Equal amounts of 
the above Cp (a-d) and HSA (g) were incubated with 
55 ~tM HOC1, and assayed by the same method. Data are 
mean ± SD of triplicate experiments. 
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FIGURE 2 Effect of MPO on Cp ferroxidase activity. Reac- 
tion solution consisted of 0.17ml buffer (1 M sodium acetate 
p H  5.5), 0.27 ml Chelex resin-treated distilled water, 0.25 ml 
apotransferrin (10mg/mI),  0.3ml Fe(I I ) -ammonium sulfate 
(0.4mM), 0.01ml sample or water for the blank. The reac- 
tion was  monitored at 460nm for 20min at 30°C. The con- 
centration of Cp and MPO were 50 nM and sodium azide, 
as a ferroxidase inhibitor, was  I mM. Data are mean ± S D  
of triplicate experiments. 

Effect of  M P O  on  Cp Act iv i ty  

MPO appeared to have no effect on the ferrox- 
idase activity of Cp (Figure 2). In order to increase 
binding affinity between Cp and MPO, the sam- 
ples were preincubated for various times prior 
to performing the assay. However, we found no 
significant change in activity (data not shown). 
We next determined whether the amine oxidase 
activity of Cp was inhibited by MPO. The activity 
was assayed by using o-dianisidine as the sub- 
strate, since p-phenylenediamine, a commonly 
used substrate was found to interfere with MPO 
(data not shown). The data show that MPO has 
no effect on the amine oxidase activity of Cp 
(Figure 3). When MPO was tested for its effect on 
the glutathione peroxidase activity of Cp, again, 
there was no significant inhibition of its ability to 
remove H202 (Figure 4). 

Effect of  M P O  on  the 
I m m u n o r e a c t i v i t y  of  Cp 

The binding of MPO to Cp did not interfere with 
the immunoreactivity of Cp as observed by the 

Y.S. PARK et al. 
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FIGURE 3 Effect of MPO of Cp Amine oxidase activity. The 
amine oxidase activity was analysed as described in the Mate- 
rials and Methods section. Reaction solution contained 50 nM 
Cp, 50 nM MPO or 1 mM sodium azide as an amine oxidase 
inhibitor. Data are mean + SD of triplicate experiments. 
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FIGURE 4 Effect of MPO on Cp GSHPase activity. Reaction 
conditions were described under  Materials and Methods. 
Concentrations in the reaction solution were 1.5~M Cp 
(9.6 lag), 500 ~tM H202, 500 gM GSH, dapsone treated 1.5 ~tM 
MPO (10.5 gg). The amount  of hydrogen peroxide removed 
was  calculated from a standard curve using known amounts  
of H202. Data are mean + SD of triplicate experiments. 

normal development of zones of precipitation 
(data not shown). 

D I S C U S S I O N  

Cp binds to MPO and inhibits its peroxidase 
activity in a dose-dependent way. lSl Cp is an 
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anionic  pro te in  (pI  4.4), a nd  is l ikely to b ind  via 

electrostat ic m e c h a n i s m s  to h igh ly  cat ionic pro-  

teins such  as MPO.[5] M P O  is an  a b u n d a n t  p ro te in  

in neut rophi l s ,  a nd  in the p resence  of  H202 and  
C I -  can catalyse fo rma t ion  of  react ive  o x y g e n  

species (ROS) such  as HOC1 ( rev iewed  in [13]), 

s inglet  o x y g e n  (°02), ;14] a nd  ty rosy l  radicals  

( rev iewed  in [15]) HOC1 a nd  °02 s u b s e q u e n t l y  
p l ay  i m p o r t a n t  roles in microbia l  killing b y  the 

neut rophi l .  In  add i t ion ,  HOC1 can react  w i th  

supe rox ide  ( O ~ ) ,  a nd  wi th  react ive  i ron species 

(RIS) to genera te  fu r the r  ROS such  as h y d r o x y l  
radicals  (°OH). [16] D u r i n g  i n f l a m m a t o r y  p ro -  

cesses, M P O  is re leased into extracel lular  f lu ids  
such  as p l a s m a  a nd  l u n g  l in ing f luid  [16] w h e r e  

it has  the potent ia l  to genera te  u n w a n t e d  and  

d a m a g i n g  ROS. C p  is the major  copper -con ta in -  

ing  p ro te in  of  h u m a n  p l a s m a  which ,  as an  acute  

p h a s e  prote in ,  will  be increased  d u r i n g  ep i sodes  

of  t issue dam a ge .  C p  has  ox idase  ( rev iewed  in [2]) 
a n d  pe rox idase  [3] activities; the ferroxidase,  [17] 

and  g lu ta th ione  pe rox idase  [4] of  w h i c h  a p p e a r  to 

be i m p o r t a n t  as an t iox idan ts  in cer ta in  t issues a n d  
fluids. [4] 

Cp,  b y  inac t iva t ing  extracel lular  M P O  [5] bu t  

r e m a i n i n g  enzymat i ca l ly  a nd  i m m u n o l o g i c a l l y  
act ive itself, is b o t h  inhibi t ing an  e n z y m e  and,  at 

the same  time, re ta in ing  the abili ty to r e m o v e  

its substrate.  The i m p o r t a n c e  of  this dua l  ac t ion 

of  a s ingle p ro te in  m a y  reflect the ex t reme  bio-  

logical  h a z a r d  of  u n w a n t e d  extracel lular  HOC1 

format ion .  
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