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The mechanism of the deamina t ion  decar t ) .xx ' la t ion of amino acids b\ '  mvcl- 
opcroxidase  is proposed.  In the presence of hydrogen pcr~xide and chloride, mycloper-  
(~xidase ca tah ' scs  the format ion ~f  H()CI which reacts  with amim) acids giving 
chloramines.  The chloramines  of amino acids as unstable  compounds  arc sp~mtam'- 
o u s h  dccomp~)scd to NH~, C().,, ('1 and corresp<mdin~ aldehydes.  

In t)revi~ms l)apers~," i t  has been reported that amim~ acids were deamhmtcd 
and (tccarl)~)xvlated with a nlixtt lre ()f [{~()2 and ('1 in the presence ()1 myelopcr-  
(,xi(lase. Taur ine  was found to  be  a compet i t ive  inhibit ,  w ~,I this pr(,cess. 

In tlli~ report  the mechanism (fl the  ab(we-mcnti()ne(l rcacti(m is pr(~l)osc(t: 
.~lyelopcr~)xidasc cata lyses  the f~rn/ation <~I t [ ()( ' l  from ('I and H~()~; the l ] ( ) ( l  
reacts wi th the amino acids forming chh)ramim.s. TIic amino acids chh~ramim's arc 
unstable and dcc~mipose to NII:~, C()._,, CI and corrcsp:~ndin~ aldeh\'dc, whcn'a~ 
tzmrim' chhwalnim, is stable under reaction couditions. 

The mechanism of the rcacti~)n ,)f dcaminati(m aml (h'carl)oxvlati~m ,,f a to l l . ,  
acids has l)cen studicd by use ~,1 my('hg)eroxi(lase which was isolated l-r(m~ human 
leukemic granuh)cytes r. The c(~eflicicnt A'z .I l:~,/.I._,~!~ ,~I the cnz\'me was (~.7. "['hc 
sul~stratt 's used wcr(' l.-alllino acids (l h~ffmanl~ l.a 1¢( h e  Switzerland)  and h \ ( h , ~ e u  
per<~xidc ( lqec t r~chemical  Establislm~ents,  Zgbk(~wicc. l'~dand). 

l)urin g incubat ion of alaninc with myeh>t~eroxidasc at pH 4.5 iu the presclw¢' 
~)l- H~()~ and Na( ' l ,  a product  with absorpti¢m at 254 nm was ~fl)scrved, as i l lus t ra ted 
in Fi~. ~. In the first minutes  ,q" the reaction,  al)s¢~rpti¢m ire ' teased and dm-in~ the 
c~nn-sc of fur ther  im'ubati¢m ~radual ly  decrcas,,d (l:i~. 2). The i m n ' a s c  ~I- ub~,>rptiCm 
at 254 mn was not c(mne('ted with f(~rmati(m ()1 the cnz\ 'mc sul)s lratc  c,m~tflcx 
})('cause substances  with this spcctruln easih" d ia l \ ' zed  through a cclhgflmnc baK. 
S i m u l t a n c ~ u s h  with changes of the spec t rum,  c~mtcnt (~I ('l in the remt i tm lncdiuln 
change(t. \Vhen absorbance  at 254 mn and ('l b \  tilt, argcnt~m~etric meth~d wcrc 
(tcternfincd dur ing incubati(m (~f tile rca('ti(m mixture ,  it was fl~und (see Fig. _') thal  
the rise in absorption was acc~mpanied by a (ll-~ t) in ('1 cm~tcnt, which imreascd 
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Fig. L Absorpt ion spect rum of intermediate product  formed during the peroxidatic deamination 
decarboxylat ion of alanine. Sample composit ion:  2offmoles of alanine, Iof fmoles  of H20 ~, 
9o ffmoles of NaC1, 45 ltg of myeloperoxidase in 5 ° mM sodium acetate buffer (pH 4.5). Total 
volume, 3 inl; temp., 2o °. Time of incubation,  6 min. 

again when absorption decreased. This process was accompanied by regular increase 
in the content of acetaldehyde measured on the basis of  absorbance of its 2,4-dini- 
trophenylhydrazone at 51o nm. As shown in a previous study 1, acetaldehyde is 
produced as a result of peroxidatic deamination and decarboxylation of alanine. 

Since the reaction of peroxidatic deamination and decarboxylation fails to 
take place in the absence of CI ~- (see ref. I), and C]- is used up in the course of the 
reaction for production of substances with maximum absorption at 254 nm, it has 
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Fig. 2. Variat ions of  absorbance at 254 nm, CI- and acetaldehyde a moun t  during the peroxidatic 
deaminat ion-decarboxyla t ion  of  alanine, Composition of sample as in Fig. I. In  order to deter- 
mine acetaldehyde, 0.2 ml 4 ° mM Nl was added to o.5 ml of  the sample. Then liberated 12 was 
t i t ra ted with 8 mM Na2S,Oa, and o. 5 ml of o.2 ,.o' 2.4-dinitrophenylhydrazine in 2 M HC1 was 
added. After IO min the sample was extracted with 2 ml of CC1 a. 4,5 ml of 3 }o IZOH in methyl  
alcohol were added to o.5 ml of CCI~ solution of acetaldehyde 2.4-dinitrophenylhydrazone,  and 
exactly after  2 rain, the absorbance at 5 ro nm was measured.  

Biochim. Biophys. Acia, 235 (19711 4~() 424 
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been pos tu la ted  tha t  CI is a subs t r a t e  for myeloperoxidase ,  and  is oxidi×ed in the, 
presence of He(),, to the  most  p robable  form, i.e. HO('I.  

The react ion of HOC1 with amino compounds  leading to the respect ive  
chloramines  has long been knowna,~L Some authors  have shown a,a tha t  ehloramim's  
produced during the react ion of HOC1 with various amines are character ized by a 
spec t rum with max imum absorpt ion  in the range 24o 27o F,m. It  has been suggested 
theref~we tha t  the in t e rmed ia te  pr{~duct t]~rmed during peruxida t ic  deaminati~m 
deca rboxv la t ion  of  amino acids is a chloramine of the respect ive amino acid. In ~rdcr 
to prove this concept ,  a lanine chloramine was synthes ized by  t rea t ing  alaninc 
with XaO(' l .  At  2o t empera tu re ,  2o/,m,) les of alanine were mixed with Io um~4es 
of  Na()CI in a final volume of 2 ml and ad jus ted  to pH 4-5 by addi t ion  ~)f I ml ~,f 
15o mM sodium ace ta te  buffer solution. I m m e d i a t e l y  after  mixing the s<)luti()us, 
ehh)ramine charac ter ized  1)v a spec t rum with m a x i m u m  at 2 5 4  l]l~l was t)r()duce(l, as 
sh~wn spee t rophotomet r ica l ly .  In accordance  with the known proper t ies  ~,f this 
ehloramine 4, it was unstable ,  showing a decrease in absorpt ion  at 2 5 4  n l ] ]  with t ime. 
: \ s  can I)e seen in Fig. 3, the spee t ropho tomet r i ca l ly  observed de('ompositi~m ~,1 
a l a n i n e  ehloramine was accompanied  1)v accumula t ion  of ace ta ldehyde  and (71 . 
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l:i~. 3. l ) ccOml)os i t i (m  o f  a h m i n e  c h l o r a m i n e  o b t a i n e d  b y  t h e  r e a c t i o n  o f  a l a n i m '  w i t h  N a ( R ' l .  
F . c a c t i o n  m i x t u r e :  l I / m m l e s  o f  Na( )CI  i 2o p i n o l e s  o f  a l a n i n c  a d i u s t e d  t o  p i t  t -5 w i t h  s u d i u m  
a c c t a l c  bu f fe r ,  5 ° lnM ill t ina l  c o n c e n t r a t i o n .  T o t a l  v(~lumc, 3 m l ;  t e m p . ,  2o . ( S t o c k  s o l u t i o n  ~)1 
Na()(71 w a s  o b t a i n e d  b y  t i t r a t i o n  o f  (71 e s o l u t i o n  in  w a t e r  w i t h  0. 4 M N a ( ) H .  T h e  c ' o n c c n t r a t i ~ m  
o f  Na()C1 w a s  d e t e r m i n e d  fl"olll t h e  z05 n m  inlllol&r ex t i l l c t i o l l  o lc t~lc ie l l t  Fm'~l  o.35.1 

The velocities of deeomposi t i (m of  syn the t ic  and enzvmat ica l lv  produced 
ehloramine,  as measured  on the basis of q u a n t i t y  of a ldehyde  formed and chloride 
l ibera ted,  were similar  (see Vigs. 2 and 3). Both chloramines  were charac ter ized  b \  
identical  absorp t ion  in u l t ra  violet  light,  capac i ty  for decomposi t ion,  and ident ical  
deeomposi t iun products .  In addi t ion ,  syn the t ic  ehloramine as well as chhwamim. 
produced  in the enzwna t i c  react ion oxidized iodide with l iberat ion of hec  iodim' and 
recover \ '  ~t alanine.  In  the  presence of cvsteine ~r reduced g lu ta th ione  b~th chl~n- 

h;i~cldn~, l#i,@h3,s. Acta, -'35 (m71) t l~ 4z-t 
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Fig. 4. Decomposi t ion of  leucine, valine, serine and cysteic acid chloramines. Reaction mixture:  
9/~moles of  NaOC1 + 2o#moles  of amino acid adjus ted to pH 4-5 with sodium acetate buffer: 
5 ° mM in final concentration. Total volume, 3 ml; temp., 2o ~. 

amines decomposed to alanine. The chloramines did not oxidize bromide at pH's 
above 6; this made it possible to distinguish them from hypochlorite. 

In a previous study it was shown that the reaction of peroxidatic deamination- 
decarboxylation is common for amino acids 1. Experiments with leucine, valine, serine 
and cysteic acid showed production of chloramines from these amino acids. Chlor- 
amines produced in the peroxidatic reaction used up CI- during their production and 
exhibited characteristic absorption in ultra violet light, (Zmax: leucine, 253 nm; valine, 
255 nm; serine, 254 nm; cysteie acid, 255 nm). Velocity of decomposition of the studied 
chloramines varied, depending on the amino acid from which they were produced 
(see Fig, 4)- The decomposition products were the respective aldehydes, NHa, CO., 
(see ref. I) and CI . The chloramines of the aforementioned amino acids, enzymatically 
as well as synthetically obtained (by the method described for alanine), were identical 
and exhibited all the above-described properties of alanine chloramine. The results 
presented above demonstrated that the peroxidatic degradation of amino acids 
previously described ~ ran through an intermediate stage of unstable amino acid 
chloramines which decomposed spontaneously to NH 3, CO,~, CI and the respective 
aldehydes. The sequence of the reactions illustrating this process is as follows: 

myelopcroxidasc 
H20 z + CI- ; H+ . . . . .  HOCI ~ H20 

CIt 3 Ctf~ 
I { 

HOC1 + C H - N H : ~  + ~ H  ~ ~. [][~() + CtL- NH CI 

COOH C(}OH 
CH a 
I 

CH---NH-- CI -~ H~() ~ CHnCIto  + NH4-~ i CO~ -~ CI- 
I 

COOH 

Experiments were performed also with taurine as competitive inhibitor of 
peroxidatic deamination and decarboxylation of amino acids. It  was found that 
during the reaction with myeloperoxidase, H~()2 and CI-, taurine gave chloramine 

t¢iochi~. Biophys. Acla, 235 (197~) 419-42-t 
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I"iR 5- I k ' r o x i d a t i c  f~) rmat ion  ( ) l t a u r i n c  c h l o r a m i n c .  ,%mlple c o m p o s i t i o n :  2o/ tm{~h,s  o f  t u u r i n c ,  
I o / c r e o l e s  o f  lie( ).2, q o / t m o l e s  o f  NaC1. 4 5 / ¢ g  o f  myelop( , r (~xi(htse  in 5 ° film s(*dium a c e t i l h '  hu  Ih ' t  
( p i t  4 .5) .  " lo tn l  v~Jumt ' ,  3 m l ;  t e m p . ,  -'o . 

with ;d~s~wpti~)n nlaxinmnl at 252 nm. Production of taurine chh)ramim' was ;it 
eompanied by utilization of ('1 from the reacti~m medium (Fig. 5). In cilllttast witll 
the amim~ acid chloramines, taurine chloramine was a stable comp(mnd and c .uld 
be separated from taurine by electrophoresis (in 5o mM phosphate buffer, pit 7." 
at T_'o V. 3o rain) and bv paper chronmtogral)hy (in h'rL-butanol acet{me water. 
t ,o:eo:eo,  by v.1. ! ~ g sodium acetate). Taurine chhwamine pr~duced during the 
enzvnmtic reaction was identical with svntheticalh '  produced chloramine (by the 
same procedure as for alanine). It exhibited the same degree ~l stability, identical 
ehwtrot)horetic and chronmtogral)hic mobility, and capacity for reacting with i~(lide 
and thiols leading t() the recovery ()f free taurine. 

It seems that  the producti()n ~)| chh)ralnines described ab()ve may 1)lay ;m 
important  role in the physiological lllnction o[ tile phagocytizing granuhwytes.  All 
the c~mditions required fl~r this reaction exist in these cells. Myelopt'roxidase and 
('1 are present in considerable ammmts< v, H,,() 2 synthesis is intensive '~, and the pH 
within the phagocyte" is near the opt imum for the investigated reaeti~m, th 'nce tlw 
li,-mati(m o f  chh)ramines knoxvn as hactericidic agents< ~°, especially taurim' chhw- 
amine in view of the high concentration of taurine in h,ucoevtes l~, max play s~mw 

r~le in the mmspecific resistance to infection. 
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