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ABSTRACT 

Efforts have been made to characterize the pro- 
ducts that result from interactions between L- 
histidine (free base) and peroxidizing methyl lin- 
oleate (ML) in a model system consisting of react- 
ants dispersed on a filter paper, lmidazole lactic 
acid and imidazole acetic acid are identified as 
breakdown products when histidine is incubated 
w i t h  ML, m e t h y l  l i n o l e a t e  h y d r o p e r o x i d e  
(MLHPO), or n-hexanal over a period of 3 weeks. 
Two other reaction products are found to give 
back histidine upon acid hydrolysis. These pro- 
ducts are though to be Schiff's base compounds 
which result from the condensation of the histidyl 
a-amino group and carbonyl groups of reactive 
aldehydes formed during ML peroxidation. Most of 
the detectable reaction products have the imidaz- 
ole moiety intact indicating the high relative react- 
ivity of the functional groups, especially the amino 
group, associated with the a-carbon. Such high 
reactivity provides an explanation for the low con- 
centrations of ninhydrin-positive free amino com- 
pounds that are, at best, barely detectable on thin 
layer chromatography. 

Free radicals, carbonyls, and other reactive species 
that may interact with proteins in a number of ways 
are formed during the oxidation of unsaturated lipids 
(1-3). To date, observations of the reactions between 
proteins and peroxidizing lipids have included the loss 
of enzyme activities (4-8), decreased solubility of pro- 
teins because of complex formation and polymerization 
(4,9-11),  polypeptide chain scission (12), accelerated 
formation of brown pigments (13,14), and the destruc- 
tion of labile amino acid residues - namely, histidine, 
lysine, cysteine, and methionine (15-20). In the presence 
of peroxidizing lipids, methionine residues are oxidized 
to methionine sulfoxide (21,22), lysyl e-amino groups 
readily form Schiff's base condensation products with 
aldehydes (20,23,24), and cysteinyl sulfhydryl groups 
add to the double bonds in linoleate hydroperoxides via 
a free radical mechanism (25) or to aldehydes via con- 
densation reactions (26). 

Little is known, however, about the reactions leading 
to the degradation of histidyl residues by peroxidizing 
lipids. Histidine is an essential amino acid for infants 
(27) and has been observed to exhibit relatively strong 
antioxidative activities in emulsified or lyophilized model 
systems (28,29). Moreover, because of the acid-base 
characteristics of the imidazole side chain at physiologi- 
cal pH, histidyl residues are often associated with the 
active sites of enzymes (30,31) and, at the same time, 
are important metal-binding groups in many metallopro- 
reins (32). Thus, elucidation of the mechanisms leading 
to the degradation of histidyl residues by peroxidizing 
lipids will have important nutritional as well as biologi- 
cal implications. 

1presented at the AOCS Meeting, Chicago, September 1976 .  

This paper reports the characterization of products 
that are formed when histidine (free base) is reacted 
with peroxidizing methyl  linoleate (ML) or its oxidation 
p r o d u c t s - n a m e l y ,  m e t h y l  l inolea te  hydropcroxide 
( M L H P O )  and n-hexanal - in  a simple, low-moisture 
model system using filter paper as the solid support to 
simulate the hydrophilic porous structure of freeze-dried 
foods (33). 

EXPERIMENTAL PROCEDURES 

Model System Preparation 
Except for MLHPO, which was prepared from ML 

according to the method of Banks et al. (34), reagent- 
grade chemicals were used in this work without further 
purification. 

The reaction system consisted of an l l-cm-diameter 
filter paper (Whatman No. 42, Ashless Grade) on which 
the reactants were dispersed in the following manner. 
S u p e r s a t u r a t e d  10% aqueous solution of L-histidine 
(Eastman Kodak Co., Rochester, NY), adjusted from pit 
7.2 to pH 7 with a few drops of dilute HC1, was 
applied dropwise to wet the entire filter paper. After 
lyophilization at room temperature for 1 hr in a Virtis 
10 M R T R  Freeze-Dryer ,  ML (NuCheck Prep, Inc., 
Elysian, MN) dissolved in hexane was applied dropwise 
on the filter paper to achieve an approximately 1:1 
molar ratio of reactants. The amount of histidine ranged 
between 100 and 140 mg, and the amount of ML 
ranged between 210 and 240 mg per filter paper. After 
the evaporation of hexane, the filter papers, which con- 
tained 1-2% moisture, were incubated in the dark at 25 
or 51 C over desiccant for periods of up to 3 weeks. In 
some systems, ML was replaced with MLHPO or n- 
hexanal (J.T. Baker Co., Phillipsburg, NJ). A molar ratio 
of 1:1 was adopted because a preliminary study showed 
that molar excess of one reactant over another, as much 
as 10 to I, results in no observable changes in the pat- 
tern of breakdown products upon thin layer chromato- 
gram (TLC) analysis. In order to determine whether sim- 
ilar reaction products were formed by agents other than 
peroxidizing ML or its autoxidation products, histidine 
was degraded by reaction with 30% hydrogen peroxide 
(saturated solution) and by irradiation with short-wave 
UV light onto filter papers containing L-histidine. React- 
ion between histidine and n-hexanal was also carried out 
in a stirred Erlenmeyer flask containing 1 g of each 
reactant to determine whether the pattern of degrada- 
tion products differed in this system as compared with 
the reaction on a filter paper. 

Analytical Methods 
Two-dimensional TLC analysis was used to provide a 

handy and sensitive method of monitoring the formation 
of reaction products in our systems. At the end of an 
incubation period, each filter paper was cut into small 
pieces and extracted with 5 ml of H20-methanol (1:1, 
v/v) solution. After filtration to remove cellulose fines, 
ca. 35 p l  of the extract was spotted on a ready-coated, 
1 6 0 - p - t h i c k  c e l l u l o s e  TLC plate (Eastman Kodak, 
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TABLE I 

Rf Values of Histidine Breakdown Products and Some Standards 

S o l v e n t s  a 

Compounds S I Sll Si11 

Rf values 
(average of 3 runs) 

I 0.48 0.39 0.42 
II 0.46 0.54 0.57 
III 0.86 0.80 0.66 
IV 0.87 0.87 0.90 
V 0.97 0.97 0.95 
Imidazole lactic acid 0.50 0.40 0.42 
Imidazole acetic acid 0.46 0.53 0.57 
Imidazole pyruvic acid 0.39 0.42 0.43 
4-Hydroxymethyl imidazole 0.17 0.57 0.57 
Urocanic acid 0.49 0.68 0.64 
Histamine 0.74 0.35 0.23 
Imidazole 0.88 0.62 0.59 

as I = NH4OH:H20:2-propanol (2:1:8, v/v), SII = acetic acid:H20:acetone:n-butanol 
(1 : 1:2:2, v/v), Si11 = formic acid :I 12 O :2-propanol (2 : 10:40, v/v). 

Roches ter ,  NY)  w i th  a d isposable  50-M m i c r o p i p e t t e .  
In cases whe re  h i s t id ine  was degraded by  n -hexana l  

or 30% h y d r o g e n  pe rox ide  in a s t i r red E r l e n m e y e r  flask, 
r eac t ion  m i x t u r e s  were d i lu ted  wi th  aqueous  m e t h a n o l  
to achieve  reac t ion  p r o d u c t  c o n c e n t r a t i o n s  similar to  
those observed  in the  fi l ter pape r  ex t rac t .  Af te r  sample  
appl ica t ions ,  the  plates  were  deve loped  for  81/2 cm in 
one d i r ec t ion  wi th  the  basic so lvent  sys tem (Table  I). 
The  plates  were t hen  dried and  deve loped  wi th  one  of  
the  acidic so lvent  sys tems  (Table  1) in a d i r ec t i on  per- 
pend icu la r  to  t h a t  of the  first  d e v e l o p m e n t .  The  devel- 
oped and  dried p la tes  were t h e n  sprayed  wi th  n i n h y d r i n  
(0.5% in a c e t o n e )  to  enab le  the  d e t e c t i o n  of  free a m i n o  
c o m p o u n d s  or wi th  Pauly ' s  reagen t  (d iazo t i zed  sulfanil ic 
acid) to give o range / r ed  spo ts  wi th  imidazo les  lacking a 
subs t i t u t ed  imino  n i t rogen  or a c a r boxya l ky l  s u b s t i t u e n t  
and having  at least  one  u n s u b s t i t u t e d  r ing c a r b o n  a t o m  
(35) .  Iodine so lu t ion  (1% in m e t h a n o l )  was also used as 
a nonspec i f ic  reagent  to e luc ida te  all organic  c o m p o u n d s  
on  deve loped  TI,C plates.  This  test ,  however ,  was m u c h  
less sensi t ive t h a n  the  two descr ibed  previous ly  because  
of the  b a c k g r o u n d  resul t ing  f rom t he  res idual  chemica ls  
used in deve lop ing  TLC plates.  

A general  ou t l ine  of  the  p r o c e d u r e  used to  iden t i fy  
r eac t ion  p r o d u c t s  is i l lus t ra ted  in Figure 1. Reac t ion  
p roduc t s  for  s t ruc tu ra l  analysis  were o b t a i n e d  by  react-  
ing ML and  h is t id ine  in the  previously  descr ibed  mode l  
sys tem at 51 C in order  to acce le ra te  p r o d u c t  f o r m a t i o n  
because the  pa t t e rn  of  reac t ion  p r o d u c t s  in sys tems  
reac ted  at 25 C and  51 C does  n o t  d i f fe r  qua l i t a t ive ly .  
Effor ts  have been  c o n c e n t r a t e d  on the  i den t i f i c a t i on  of  
polar  c o m p o u n d s  tha t  are soluble  in a q u e o u s  m e t h a n o l  
because TLC separa t ion  fo l lowed  by iodine  spray  yield- 
ed the  same two  spots  w h e n  e the r  ex t r ac t s  f rom sys- 
tems c o n t a i n i n g  pe rox id ized  ML con t ro l  and  ML plus 
h i s t id ine  were analyzed.  These  spots  migra ted  close to 
the  solvent  f ron t  in all t he  so lvent  sys tems  l isted in 
Table  l and  showed  a negat ive  r eac t ion  to  b o t h  n inhy-  
drin and  the  Pau ly ' s  reagent .  The  obse rva t ion  tha t  no  

n i t rogen could  be de t ec t ed  in the  e the r  ex t r ac t  f rom 
r e a c t i o n  s y s t e m s  c o n t a i n i n g  h i s t id ine  ana logues  (N- 
b e n z o y l h i s t i d i n e ,  4 - m e t h y l i m i d a z o l e )  and  ML ( u n p u b -  

l ished obse rva t i on )  ind ica tes  t h a t  the  e the r - so lub le  f ract-  
ion con t a in s  m o s t l y  c o m p o u n d s  arising f rom peroxid iz-  
ing ML. 

After  p rec ip i t a t ing  excess u n r e a c t e d  h i s t id ine  by m- 
creasing the  ra t io  of  m e t h a n o l  to  water ,  the  ye l lowish  
supe rna t an t ,  a f te r  d e c o l o r a t i o n  w i th  Nor i t  and  concen-  
t r a t ion  u n d e r  vacuum,  was sub jec ted  to  p repara t ive  TLC 

[~?._THYL LINOLEATE + HISTIDINE 

I Three weeks/51~ R.H./Dark i 

[Extraction with Ether ] + s EXTRAQT 

l-Extraction with Aqueous Methanol ] 

Precipitation of Excess Unreacted Histidine 
by Adiusting blethanol/II20 

YELLOWISH + HISTIDINE 
SUPERNA~ _CRYSTALS 

[Decoloration and Concentration ] 

[Preparative TLC I 

I Extraction of Separated Bands I 
I with Aqueous Methanol l 

[Storage at -20~ I 

[ Structural Analysis ] 

FIG. 1. Outline of procedures used in the identification of 
the reaction products. 

s e p a r a t i o n  o n  500-~u-thick mic roc rys t a l l i ne  cel lulose 
p la tes  (Ana l t ech ,  Inc.,  Newark,  DE),  wh ich  were devel- 
oped  by fo rmic  ac id -wa tc r -2 -p ropano l  ( 2 : 1 0 : 4 0 ,  v / v ) i n  
one  d i r e c t i o n  fo r  17-18 cm. Pau ly ' s  reagent  was sprayed  
o n t o  a small  sec t ion  of  each deve loped  p la te  while  the 
ma jo r i t y  of  the  pla te  was covered  and  p r o t e c t e d  f rom 
the  reagent .  No e f fo r t  was m a d e  to  ob ta in  n i n h y d r i n -  
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FIG. 2. Major degradation products detected by Pauly's rea- 
gent on cellulose TLC. 

posit ive react ion products  because these c o m p o u n d s  gave 
very diffuse and barely detectable  spots when produc t  
fo rmat ion  was mon i to red  with  the two-dimensional  TLC 
a n a l y s i s  described above.  The separated bands were 
scraped off  the plates and ext rac ted  with aqueous  meth-  
anol. These ext rac ts  were fi l tered through a sintered 
glass funnel  wi th  ul t raf ine pore  size to remove  cellulose 
fines and stored under  ni t rogen at 20 C (in the dark) 
prior  to analysis. 

Iden t i f ica t ion  of  products  was based pr imari ly  on 
nuclear magnet ic  resonance (NMR) data because this 
m e t h o d  gives the most  valuable s tructural  in format ion  
when one  has some idea about  the s t ructure  of  the un- 
known  compounds .  Since the  react ion p roduc t s  were 
soluble in e i ther  equeous  me thano l  or  water,  their  NMR 

spectra - as well  as those  o f  the  standards - were 
obta ined in 99.8% deute r ium ox ide  (Stohler  I so tope  
Chemicals, Azusa, CA) with te t ramethyls i lane  as external  
reference,  af ter  the removal  of  solvent aqueous  methanol  
under  vacuum. A Varian T-60 NMR Spec t romete r  was 
used th roughout  the exper iment .  In addi t ion to histid- 
ine, the standards included imidazole  acetic acid, imidaz- 
ole lactic acid, imidazole  pyruvic  acid, 4 -hydroxymethy l  
i m i d a z o l e ,  u r o c a n i c  acid, his tamine,  and imidazole.  
Excep t  for  h is tamine  (Fisher Scientif ic  Co., Medford,  
MA) and urocanic  acid (Eas tman Kodak,  Rochester ,  
NY), the stated chemicals were purchased from Cal- 
biochem, San Diego, CA. These chemicals  were also 
used as standards in two-dimens ional  TLC analysis. 

R E S U L T S  A N D  D I S C U S S I O N  

A typical two-dimensional ,  thin layer chromatogram 
of  major  react ion products ,  which are positive to Pauly's 
reagent but  negative to ninhydrin ,  is presented in Figure 
2. The Rf values of  these products ,  along with those of  
the standards, are given in Table I. As indicated in the 
table, we observed close similarities in the migrat ion 
characteristics of  imidazole  lactic acid and react ion pro- 
duct  I as well as of  imidazole  acetic acid and reaction 
product  II. 

The NMR spectral  characterist ics of react ion products  
I and II, as well as those o f  some standards, are given 
in Table II. By compar ing  the spectra of  the unknowns  
with those of  the standards and the  two-dimensional  
TLC data, react ion products  I and II were identif ied as 
imidazole lactic acid and imidazole  acetic acid, respec- 
tively. The spectra of  reac t ion  products  III and IV 
showed some upfield signals (mul t ip le ts  centered at 1.4 

ppm)  that  could not  be observed on the  spectra of  the 
standards examined.  These upfield signals corresponded 
to the absorpt ion of  e lec t romagnet ic  radiat ion by hydro-  
gen atoms in a hydroca rbon  chain. 

Since it is known  that  the Rf  values of imidazoles in- 
crease with increasing basic s t rength of  the compounds  
(36), reaction products  Ill and IV, which have Rf  values 
close to that o f  imidazole,  were though to be Schiff 's  
base c o m p o u n d s  formed by amino-carbonyl  condensa- 

TABLE II 

NMR Spectral Characteristics of L-Histidine Reaction Products a~td Some Standards 

Compounds Spectral characteristics Assignment 

(c) (b) (a) 
L-Histidine a. 3.2 ppm (2 proton intensity doublet) H O O C _ _ C H _ _ C H 2 . _ I _ F ~ _ _  N 

b. 4 ppm (l proton intensity multiplet) 
c. 4.8 ppm (H20 and exchangeable protons) NH2(c) ; ~'x ~ 
d. 7.1 ppm (1 proton intensity singlet) (d)H N H(e) 
e. 7.7 ppm (1 proton intensity singlet) H 

(c) 
a. 3.7 ppm (2 proton intensity singlet) (b) (a) 
b. 4.8 ppm (H20 and exchangeable protons) HOOC__CH2~r_r____~ N 
c. 7.3 ppm (t proton intensity singlet) J N,,,t J L.. 
d. 8.6 ppm (1 proton intensity singlet) (c)H z H(d) 

H 
a. 3.1 ppm (2 proton intensity doublet) (b) 
b. 4.3 ppm (1 proton intensity multiplet) (c) 
c. 4.8 ppm (H20 and exchangeable protons) (c) OH (a) 
d. 7.3 ppm (I ppm proton intensity single t) I'[OOC 11~ r - - - -CH2  ~,cl )1-t j ' ~  N - - - ~  I N  
e. 8.6 (I proton intensity singlet) H) " - - - - /  

H(e) 
a. 3.1 ppm (2 proton intensity doublet) H 
b. 4.5 ppm (1 proton intensity multiplet) (c) 
c. 4.8 ppm (H20 and exchangeable protons) ]midazole lactic acid 
d. 7.3 ppm (1 proton intensity singlet) 
e, 8.6 ppm (1 proton intensity singlet) 

a, 3.7 ppm (2 proton intensity singlet) 
b. 4.8 ppm (H20 and exchangeable protons) 
c. 7.3 ppm (l proton intensity singlet) 
d. 8.6 ppm (1 proton intensity singlet 

Imidazole acetic acid 

lmidazole lactic acid 

Compound I 

Compound II 
Imidazole acetic acid 
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TABLE IIl 

Degradation of  Histidine by Autoxidizing Lipids on Filter Paper 

355 

Reactants 

Time (hr) 

Temperature 10 40 100 250 500 

Histidine 51 C none none none none none 
25 C none none none none none 

Methyl linoleate 51 C none l,lI,Ill, l,II,Ill, I,II,III, I,ii,III, 
& histidine IV,V IV,V IV IV,V 

25 C none none I,II,IV, I,I1,III, I,II,III, 
V IV,V IV,V 

Methyl linoleate 51 C I,II I,II I,II,IV, I,II,IV 
hydroperoxide V 
& histidine 25 C none none I 1,1V 

N-Hexanal 51 C none I,II I,II I,II l,II 
& histidine 25 C none none I,II I,II,IV I, II,IV 

TABLE IV 

Degradation of Histidine by UV-lrradiation, H202, or N-Hexanal (in Bulk) 

Reactants 

Time (days) 

1/2 3 7 12 18 30 36 

N-Hexanal & histidine IV IV IV IV 
(stirred in bulk at 
room temperature) 

Short-wave UV & I,lI I,II 
Histidine (on a 
filter paper) 

H202 & histidine I,II I,II 
(saturated solution and other and other 
in 30% H202)  compounds compounds 

IV IV,I,II 

I,II 

t ions  involving h i s t idy l  a - a m i n o  groups  and  c a r b o n y l s  
f rom perox id iz ing  lipids. Since these  r eac t ion  p r o d u c t s  
m ig ra t ed  closely o n  TLC pla tes  in d i f f e ren t  so lvent  
s y s t e m s ,  t h e y  were  e x p e c t e d  to have r a the r  s imilar  
s t ruc tures .  So lu t ions  c o n t a i n i n g  these  c o m p o u n d s  were  
thus  poo led  and  sub jec ted  to  acid hydro lys i s  in 1 N 
HC1 for  15 and  75 m i n  w i th  t w o- d i m ens i ona l  TLC to  
m o n i t o r  the  p roduc t s .  U p o n  hydro lys i s ,  we obse rved  
t h a t  h is t id ine ,  imidazo le  acet ic  acid,  and,  to  a lesser ex- 
t en t ,  imidazole  lac t ic  acid were f o r m e d .  When  the  t ime  
of hydro lys i s  was l e ng t hened ,  the  a m o u n t s  of h i s t id ine  
and  imidazole  acet ic  acid, as d e t e r m i n e d  by  spot  sizes, 
increased while  the  a m o u n t s  of  III  and  IV decreased.  
These  results  s u p p o r t  t he  p o s t u l a t i o n  t h a t  r e a c t i o n  pro- 
duc ts  I l l  and  IV are Schif f ' s  base a d d u c t s  f o r m e d  via 
a m i n o - c a r b o n y l  condens a t i ons .  

The  t i m e - d e p e n d e n t  f o r m a t i o n  of  h i s t id ine  r e a c t i o n  
p roduc t s  u n d e r  d i f f e ren t  r eac t ion  c o n d i t i o n s  is s u m m a r -  
ized in Tables  I11 and  IV. We f o u n d  t h a t  imidazo le  
lact ic  acid and  imidazo le  acet ic  acid were the  m a j o r  de- 
t ec tab le  deg rada t i on  p r o d u c t s  in all the  r eac t i on  sys tems  
invest igated,  e x c e p t  t hose  in w h i c h  h i s t id ine  was r eac ted  
d i rec t ly  w i th  n - h e x a n a l  in  a s t i r red  E r l e n m e y e r  flask. In 
this  sys tem,  l im i t a t i ons  in the  avai labi l i ty  of  oxygen  
migh t  have c o n t r i b u t e d  to  the  a c c u m u l a t i o n  of  r eac t i on  
p r o d u c t  IV. We also observed  t h a t  c o m p o u n d s  III  and  
I V - a p p e a r  on ly  in sys tems  c o n t a i n i n g  ca rbony l s .  The  
appea rance  of  these  c o m p o u n d s ,  however ,  did n o t  neces- 
sarily precede  t h a t  o f  imidazo le  lact ic  acid and  imidaz-  
ole acet ic  acid, i nd ica t ing  t h a t  d i f f e ren t  p a t h w a y s  m a y  
be involved in the  f o r m a t i o n  of  t he  f o r m e r  c o m p o u n d s  
as c o m p a r e d  w i th  t he  l a t t e r  ones.  

Reac t ion  p a t h w a y s  leading to  the  f o r m a t i o n  of  h is t id-  
ine deg rada t ion  p r o d u c t s  are p o s t u l a t e d  in F igure  3. 
Since imidazo le  lact ic  acid and  imidazo le  acet ic  acid 
were fo rmed  w h e n  h is t id ine  was exposed  to shor t -wave  
UV light  or  to  h y d r o g e n  p e r o x i d e  (where  d e g r a d a t i o n  
proceeds  via free radical  processes) ,  we suspect  t h a t  free 

radical  r eac t ions  were involved in t he  f o r m a t i o n  of  these  
c o m p o u n d s  w h e n  h i s t id ine  was r eac ted  wi th  pe rox id iz ing  
ML or  its a u t o x i d a t i o n  p roduc t s .  Such  a h y p o t h e s i s  is 
s u p p o r t e d  by  the  fact  t h a t  t he  a u t o x i d a t i o n  of  ML, 
MLHPO,  and  n -hexana l  is a free radical  process  in wh ich  
reac t ive  alkyl,  a lkoxy ,  and  p e r o x y  radicals  are gene ra t ed  
in a b u n d a n c e  (2 ,37 ,38 ) .  F u r t h e r m o r e ,  the  f o r m a t i o n  of 
c a r b o n - c e n t e r e d  free radicals  p r imar i ly  associa ted  w i th  
t he  a - c a r b o n  of  the  a m i n o  acid has  b e e n  obse rved  by  
e l ec t ron  spin r e s o n a n c e  t e c h n i q u e s  w h e n  h i s t id ine  was 
r eac ted  w i th  pe rox id iz ing  ML in a l ow-moi s tu r e  mode l  
sys tem (39) .  Along  w i th  the  e x p e r i m e n t a l  ev idence  in- 
d i c a t i n g  t ha t  ex tens ive  d e a m i n a t i o n  of  the  a - a m i n o  
group takes  place w h e n  h i s t id ine  is degraded  via free 
radical  processes  by  h igh-energy  i r rad ia t ions  (40-42) ,  th is  
o b s e r v a t i o n  can  exp la in  t he  f o r m a t i o n  of  imidazo le  
lac t ic  acid and  imidazo le  acet ic  acid in our  m o d e l  sys- 
t em  t h r o u g h  f ree - rad ica l -med ia ted  d e a m i n a t i o n  and  de- 
c a r b o x y l a t i o n  reac t ions .  

A l t h o u g h  t he  r eac t i ons  involving the  a - c a r b o n  func-  
t iona l  groups  of  h i s t id ine  m a y  have  some bear ing  on  its 
a n t i o x i d a t i v e  ac t iv i ty ,  t hey  tell  very  l i t t le  a b o u t  the  des- 
t r u c t i o n  of  the  h i s t idy l  res idue  in  a p r o t e i n  mo lecu le  be-  
cause  the  a - c a r b o n  f u n c t i o n a l  groups  pa r t i c ipa te  in poly- 
pep t i de  l inkages.  Moreover ,  t he  side cha in  f u n c t i o n a l  
groups,  n o t  t he  amide  l inkages,  are expec t ed  to  be  the  
p r ima ry  sites for  i n t e r a c t i o n s  b e t w e e n  pe rox id iz ing  l ipids 
and  p ro te ins .  There fo re ,  r e sea rch  us ing t h e  h i s t id ine  an- 
a l o g u e s  4 - m e t h y l i m i d a z o l e  and  N-benzoy lh i s t i d ine  - 
w h i c h  have  the  reac t ive  a - a m i n o  group  absen t  and 
b locked ,  respec t ive ly  - is u n d e r w a y  to e luc ida te  the  de- 
gradat ive  r eac t ions  i n i t i a t ed  b y  pe rox id iz ing  l ipids o n  the  
h i s t idy l  imidazo le  side chain .  
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