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S U M M A R Y  

Chromat: ,graphic ,  e lec t rophore t ic  and  spec t ropho tomet r i c  techniques  have  been 
combit ied and applied to  ex t r ac t s  f rom hog-k idney  cortices to  isolate, pur i fy ,  and 
ident i fy  a ra the r  stable p repara t ion  of  h is taminase  which appears  t(, be homogeneous  
by  the  cri ter ia  of  c h r o m a t o g r a p h y  and ana ly t ica l  electrophoresis .  

In a large number  of  c lec t rophorc t ic  runs evidence has been obtaincxl t h a t  
h i s t amJna~  travels  as a single, dis t inct  band  a t  pH  values above  5.z towards  the  
anode to  be loc,:ted in the  region be tween a t- and  /~-globulin f ract ions of  normal  
human  serum. No migrat ion of  histe.srfinase has  been obser',-ed be tween the p H  
values 5.o and 5.x5 which rr, ay  sig'xify the  location of  the  isoelectric po in t  o f  hL~ta- 
minase. The e lec t rophoret ica l ly  pure  h is taminase  ha~s b~en found  to  be free f rom 
con tamina t ion  with diamine oxidase. I t  acts  specifically on h is tamine  and  on its 
ring-N substi tutt~l  der ivat ives  such 0~s I-methyl-4-(fl-a. ' rf inoethyl)imldazolc (z, 4- 
met  l]yihistamine) and [-methyi-5-ht~-aminoetnyl)imidazo]e | t , 5 -me thy lhk~ tan | ine )as  
substrates ,  but  has no effect what.caterer on diamines  such as p u t r e ~ i n e ,  cada,serine, 
or  hexamc thy lene  diarnine, typ ica l  subs t ra tes  of  cliamine oxidase. The  finding tha t  
h i s tamine  and 1 ,4-methylhis tamine  are bo th  degraded  by the  same enzyme,  his ta-  
minase, seems to  add to  the biological significance of  h i s taminase  in view of  SCttAY~.R's 
conten t ion  that  x ,4-methylh is tamine  is one of  the  main  metabol i t es  of  h i s tamine  
degrada t ion  in vivo. 

Results of  sp~: t rophotomet r ic ,  f luoromett ic ,  and chemical  inves t igat ions  of  th~ ° 
pure enzyme  point  to  the  pre-~ence in the  h i s t a m i n a ~  raolecuJe o ¢ two pros the t ic  
groups,  FAD and  pyr idoxa l  phosphate .  The  react ion mechan ism as ¢¢ell as the  
signific~ance of  thc.~ findings are dLqcussed. 

I:qTRODUCTION 

[[ ;s taminase was discovered in z929 by BEST i. and in the foliowhlg year  was char-  
acter ised in extens ive  inves t igat ions  of various animal  tissu~¢ by  181~.~r Ah'D MCHENRY t 

Abbreviations: DO. diamic_~ o~Ida.~c; PCMB, p-ch]oromercuribetLzoate; iJP. pyridoxal 
phosph&te. 

" P r ~ n t  address- Department of Chemical Pathology, Unlvorsitp Colle~ of the ~?,'~mt 
I n d i e s .  Mona. K i n g s t o n  (Jtt.~na.~ca)+ 
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as azi er'.zytne sys tem i~tvolving and. o.xJdative dearrtination of histaxnme with the  
consmnpt ion  o f  oxygen  as, d the product ion  o f  ammonia .  BEs~r a.~r> MC]-~NRY 
considered tl'.is sys tem to be specific for the des t ruct ion of hL~tanfine. In x938 Z~L~.Et~, 
however ,  repor ted  t ha t  hog-kidney pr~.parati~ms ,'L~ well a~ vaxiou~ o the r  animal  
tissue ex t r ac t s  were capable  of  degrading by oxidat ive  deaminat ion,  according ~o 
the  equa t ion  : 

RCH2C[I~NH ~ '- O, + H~O -~ RCilO .~ Ni'l n -- 1-1,(): 

no t  on ly  h is tamine bu t  also diamine~ ~uch as p u t r ~ c i n c ,  cadave~_;ne, and ugm~ttinc, 
Since the l a t t e r  enzytr.e sys tem appeared  t~, ZFLLEt~ to be in maJ~y aspect~ similar 
to  the  enzyme  descr ibed by  B~sT ,x.~, Mt;IIE:.:Rv he concluded t ha t  bo th  enzyme 
sys tems  were ident ical  and subs t i tu ted  the  name diamine oxidasc for tha'. of  ltista- 
minase. Subsequen t ly  no t  on ly  the  te rms  histamina_-:c and DO ha, 'e  been interchan-  
geably  tmecl, bu t  also the subs t ra tes  his tamine,  cadaverine,  and putrescine,  despite 
considerable  d i sagreement  in the  l i te ra ture  on this po_ i.n.t*-~. The ma t t e r  became even  
more  invo lved  when it was claimed tha t  DO degraded besides al iphat ic  diam:.nes a~d 
h is tamine  also monoamines  n-to and  tha t  monoamine  oxidase d ~ t r o y e d  nut  only 
monnamines  bu t  also long-chained aliwhatic diar, dnc~ H as well a~ histamD~e t ' ' ~  

I f  one adds  to  this ve ry  obscure pic ture  of  an enzyme  still the  amb'~u~-ty which 
has  ar isen in var ious  laborator ies  over  the na tu re  of  the pros thet ic  group (fi~r refer- 
enees see ref. x5) which might  be necessary for the ac t iv i ty  of  his taminase,  it become~ 
obvious  t h a t  a renewed s t udy  of  this  euzyme,  aiming a t  the elucidv.tion of  the problem 
of  its ident i ty ,  specificity, and mude  of  action appear~xt to  be of  p a r a m o u n t  .;.m- 
por tance .  

The  work  descr ibed herein was unde r t aken  m an effort to e labora te  a modern  
technique ,  a de qua t e  to  produce  in good yield a stable preparaticJn o f  pure hi~ta- 
trdnase, essential  for- the  clarification o f  the  problems iust ment ioned.  A prelirnina.,y 
repor t  o f  the work  has  a l ready  appeared  t6. 

A N A L Y T I C A L  METHOD.~  

P r ~ i n  

Pro te in  was de t e rmined  in the initial stage-~ of  enzyme  purification by  the biuret  
me thod ,  as described by  GOR,~ALI. et a/. iT, and m the later  stages o f  purification by  
the  m e t h o d  o f  Lows '¢  et al. is. Calibrat ion curves  were prepaxed for bo th  method~ 
u~ing serial di lut ions ot recons t i tu ted  freeze-dried h u n t a -  serum (Glaxo Laborator ies  
L~d.. Greenford ,  Middlesex) of  known prote in  content .  

E n z y m i c  as.~ay.¢ 

Effect on histamine." Histaminase  ac t iv i ty  was de te rmined  by  a simple micro- 
vo lumet r i c  t echn ique  t* involving a coupled oxidat ion  react ion in wlfich indigo 
d isu lphonate  is oxidL'~ed by  the  HlO s, formed in the p r imary  reaction. T h a t  H jOt  
is ac tua l ly  fo rmed  dur ing  the  action of his taminase on his tanl iae  has been p roved  
l~eviouslyt~, it. The  assay, which is p ropor t iona l  to  bo th  enzyme  concent ra t ion  ts 
and  t ime o f  incuba t ion  n was carr ied out  in t r ipl icate in P y r e x  tes t  tube~ (2 crn × 
x5 ~Jn). 
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The r.~-action mixture  consisted of  0.5 ml of a his taminase solution (xo-z5 uni ts  
of  histaminase in o.I75 M phosphate  buffer (pH 6.8), o.x ml or o.2 ml of  subs t ra te  
(5 rng his tamine-  2 HCl/,-al phosphate  buffer (pH 6.8)) and  I ml or 2 ml of  an indigo 
disulphova',e solution (200 mg of indigo c~'mine "Ana l a r "  B.D.H.[3oo ml distil led 
water), The volume was made  up to xo ml with phosphate  buffer (pH 6.8) and one 
small drop of chloroform was added as a prcsci'v..tive. (The final concent ra t ion  
of the substrate  was 2 .72pmoles  or 5 .44pmoles  and tha t  of the indigo carmine 
x.43pmolcs or 2.86pmoles,  respectively,) Oxygen was then s imul taneously  passed 
through the 3 test tubes of each assay for x rain (stop watch) and  the test  t,abes 
were closed with rubber  stoppers. Blanks, also set up  in triplicate, were complete 
a.~says wi thout  the adttit~.on of  the substrate .  Deionised, glass-distilled water  was 
used th roughout  the  entire work. Aftex an incubat ion for 24 h at  37 °, the excess 
of  indigo carmine, not  oxidised by  the  HtO ~, was t i t r a t ed  with 0.002 N KMnO,  unt i l  
the endpoint  of t i t ra t ion  -vas reached (i.¢. unti l  the  blue colour of the solution had  
~ust disappeared). The amo:mt  of 0.0o2 N KMnO,  used for the  b lank minus  t ha t  
,used for the assay indicates the  his taminase ac t iv i ty ,  expressed in units,  one nnit  
representing the amoun t  of  enzyme which under  s t anda rd  a_~ay condit ions,  des- 
cribed above, produces th~ amoun t  of  H2Og equivalent  to o~J ml of 0.oo2 N KMnO,.  
.~incc m this stoichiometric reaction one molecule of H201 is formed for each molecule 
of  h is tamine oxidised~0, t*, this enzymic uni t  corresponds to the  des t ruc t ion  of 
o.463/zg of  his tamine/h.  To conform with ref4gnt recommendat ions  of  the  Commis- 
sion on Enzymes  of the  In te rna t iona l  Union of  Biochemis t ry  u this h i s taminase  
unit  is now to be defined ~s the  amoun t  of  enzyme which will under  s t anda rd  assay 
conditions catalyse the degradat ion of o,oooo695 ~tmoles (or 6.95 × xo -s pmoles) of  
hist~minc/min.  

I t  should be pointed out tha t  since this reaction, like m a n y  other  coupled 
rex~ctions of aerobic dehydrogenases,  requires the  presence of high Og tensions ~ ,  
oxygenat ion  should be very carefully carried out. When this es t imat ion is performed 
in air, only 35 % of  the ~ s t a m i n a s e  ac t iv i ty  in an a tmosphere  of  oxygen is obtained.  
Fur ther ,  for opt imal  results the p:-esence of  an exte~s of  indigo carmine th roughou t  
this coupled oxidat ion reaction is also essent,.'al. Catalasc inhibits  this reaction, for 
;_t competes with the indigo disulphonate  for the HffiOffi, generated in the  histaminase-  
subst',-ate reactiontt ,  *t. This simple microvolumetr ie  me thod  permits  very_ accurate  
serial es t imat ions of  minu te  amoun t s  of  his taminase in replicate wi th  large numbers  
of  samples being analysed simultaneously.  

The specific ac t iv i ty  of his taminase is defined a s t h e  number  of  enzyme units/  
rrtg of protein. 

Effect on cadave~,ine: In the early stages of the present me thod  of  purif icat ion 
c f  hi.~taminast% main ly  during the f ract ionat ion procedures with a m m o n i u m  sulphate  
a varying enz3maic effect was obtained also wi th  cadaverine dihydrochlorlde as 
subs t ra te  under  the s tandard  condit ions of  the assay. 

A nalylieal el¢ctrop/~,esis o~ cellulose acetate paper 

Electrophoret ic  ~ s a y s  were carried out  in horizontal  t anks  according to ALaEltT- 
RECnT m, using cellulose aceta te  strips t~ (2.5 × xo cm). various buffer solutions, 

p ~ o.os-o.x,  and of  a pH range extending front 4.6 to 8.6, with a current  of  approx.  
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0.6 mA oer  cm width  of  v~_l~.alose aceta te  strip, fc.-.- ~ ',-~ ~ in .  The  strips were s ta ined 
with 0 .2% Ponceau  S in 6 %  sal~cylsulphonic acid for 2.-. rain, and decolori.',~d in 
four  washes with 5°/0 acetic acid. End-, "-.:c :.:.:t~::.,,, containing a~ little as 0. 4 mg 
pro te in lml  could be SUC~:essfL;I~_~ eiet.zr~phorc~:ed. Cellulose acet~tte .~hii?~ were 
supplied by  " 'Oxoid" Ltd.  i .ondon. 

Puzifica~i~m of enzyme f ,  om hog kid,~ey 

PartiM purification of c~ude his~mittase b X /rat lio~mtion with a~nn=om:em sul- 
p~d.e and heat teeatmeng: U n l e ~  otherwise s ta ted,  ,ill procedures were carried oltt 
a t  room tempera tu re .  

C o r t i c ~  of  24 hog kidneys  were minced t,, a hue t ,~ i  :.n ~'.:~ electric mincer  
giving a wet  pulp  of  approx.  2ooog.  2 o o m l  of z %  NaCl/xoc g ,ff wet pulp were 
added,  and  the mix tu re  ~vas aLlowed to ~tand for 6o rain with in t e rmi t t en t  gentle 
shaking,  and  was then  fi l tered th rough  musl,.'n. The pulp was re tu rned  to ti~e <:riginal 
flask and the  ex t r ac t io r  procedure  repeated,  u~ing the same vo~.un~e of  z°/,,o NaCI 
as before.  The  combined  extracLg were precipi ta ted  with finely p . w d e r e d  a m m , n i u m  
su lpha te  (A.R.) to  n.6 sa tu ra t ion  b y  add ing  slowly,  with nmechanic~l stirr,.'ng, 4~_.4 g 
a m m o n i u m  sulphate txoo ml of  .~lution.  The  prccipitai , ,  was imm.-diatety filtered 
th rough  W h a t m a n  No. x f luted filters, and  the r~ddisit fdtrate  disc~,rded. The  pre- 
c ip i ta te  was dissolved in small port ions,  using app~ox. 200 ml of  o.o2 M pi~osphate 
barfer  (pH 6.8) for each poL'tion. 5o-ml aliqunt.~ of the daxk brown solution, t~h- 
tained,  were dia lysed fc~r 60 rain. a t  4 °, agai,~st 2ooo ml of o.o2 M pho.~phate bu~'cr 
(pH 6.8) with two changes of  the buffer,  then freed from the  precipi tate ,  formed,  by  
cen t r i fuga t ion  at  4 °. The  clear, yel lowish-brown s u p e c ~ . a n t  was then l ' ea ted  with 
mechanica l  s t i r r ing at  60 ° for 2o min in a cons tan t  t empe ra tu r e  wate r  I,ath. Af ter  
rap id  cooling, the very  tu rb id  .q)lution wag cent r i fuged at  4", the prec ip i ta te  of  inert  
p ro te in  washed three  tim~,~ with small amoun t s  o f  o.o2 M phospha te  buffer (pH b.8) 
and  d iscarded  af ter  recentr i fugat ion.  The  e¢~mhined yel lowish-brown, ciea" super- 
n a t a n t s  were reprec ip i ta ted  with a m m o n i u m  sulphate  to o.6 sa tura t iou .  Tiffs r. ~rtiali ?. 
purified enz.v'me fract ion served as a s ta r t ing  mater ia l  for chrom=tograr  "3' on 
DEAE-cel lu!ose  columns.  In each fcact ionat ion ~tep *_he prote in  conten t  and the  
enzyme  a c t i v i t y  were ~e te rmined  sim~l*.~n~rmgly. 

Sepa~'a~ion of hisga~tinase ~ chyomatot4raphy on D~AE-cel/.ulose colum~s: 
DesFite  m a n y  a t t emp t s ,  made  i~: various laborator ies  m-s*, the  prepara t ion  of  ~_ 
stable,  pure  h!s taminase  in a good yield with an en,',uing identification of  this en- 
z y m e  has  so far  no t  been achieved.  

In  this work  it was decided to  t ry  to pur i fy  his taminase by  column chromato-  
g r a p h y  on DEAE-cel lu lose  ~ .  Sw~Dg~ s~ was first to a t t e m p t  a purif icat ion of  hista- 
minase  by  c h r o m a t o g r a p h y  on DEAE-cel lu lose  columns.  The s t anda rd  condit ions of  
his  ~ , say  were, however ,  no t  ve ry  well outline~i, and ve ry  few det~.ils as to the j p~ i f i c  
a c t i v i t y  a nd  the  specificity o f  the  c h r o m a t o g r a p h e d  enzyme were given. 

In  the  present  work,  m a n y  pre l iminary  exper iments  have shown t h a t  hista- 
minase  was  q u a n t i t a t i v e l y  adsorbed on a DEAE-cel lulose column at  pH  8.6, and 
on simple elution,  a t  pH  5-5, t he  enz~rae emerged from the  column with v i r tua l ly  
no  loss o f  ac t iv i ty .  

The  me thod ,  to  be described, was followed th roughou t  tiffs work. DEAE.- 

Bio~him. Biophys. Ac~. 6 7 (.96o) 54z-565 



546 I~. K A P E L L E R - A D L E R ,  H. M C F A R L A ~ E  

cellulose powder (Whatman D E  5 o) was first thoroughly washed with o.z N NaOH, 
ther. ssfith distilled water to a neutral pH, and, finally, equilibrated with o.oo 5 M 
borate buffer (pH ,q.6) to pack a col,,ran (u.o cm × =3.o cm). An aliquot o f  the 
partially purified enzyme preparation of  fractionation step 3 (Table i ) ,  obtained 
after heating at 6o ° , and after the second ammonium sulphate precipitation, was 
dissolved in 3o ml o.oz M phosphate buffer (pH 6.8) and dialy.-~ed for 3 h against z 1 
<ffo.oo 5 M borat~-HCl buffer (pH 8.6) at 4 °, with two changes o f  the b - f f e r  (Through- 
oat this work all d~alysing tubings were pretreated with a zn-* M Versene solution.) 
The slight precipitate, which usually formed after dialysis, was removed by cen- 
trifugation, and the dialysed enzyme solution, containing about 300 mg of  protein, 

T A B L E  I 

PARTIAL PUgIF|CA3"ION OF HISTAMI.NASE FROM 1100 g]DNEY~ 

Feast/.0~a/sere uhtf~ 

~ )  Crude  e x t r a c t  

(~j A m m o n i u m  s u l p h a t e  
i s r~ . ip i t~ t~  a t  o.G 
saturation; o.o2 M 
p h o s p h a t e  buffer  ex-  
t r a c t  ; d i a l y s c d  

(3) /Ll iquot  o f  (z},  h e a t e d  
a t  6o ~ fo r  zo  r a in ;  cen-  
t r i f u g e d  : s u p e r n a t a n t  
4- ( N H . ) = S O 4  (0.6 
s ~ t u r a t i o n )  --  =nd 
a m m o n i u m  ~ a l p h a t c  
p r e c i p i t a t e ;  o÷o~ M 
p h o s p h a t e  buffer  ex -  
t r a c t ;  dinly~-~ed {s. t e x t )  

p" o¢Nm¢ ., . , . . , . , .  So~iytc  $~oedSc r l ~ . ~ *  to 
~'~i,, ( rag)  T¢402 =r~ru4ly Tc¢oJ ~l=~ly  tka ~#~.i)~e. 

4 ,~ ~<) 80 c o o  85 7o0 ] .o6  3z 9.'/0 0.4 t z.5@ 

zSz 437 t 67 68o  z5. 5 z 7 2oz  4 .0  3.87 

.50 265 z6 9 0 o  64 .o  2 484  9 .36  6 .83  

was placed on the column, and the column developed with 75 ml •f ,).oo 5 M borate -  
HC1 buffer (pH ~.O): Enzyme elution was accomplished with zoo ml  o.x M acetate 
buffer (pH 5-5)- The rate of eluti0n wa~s about z6 ml/h,  and zs-min samples o f  the 
eluate were collected by a time-regulated fraction collector. Fractions were collected 
until no protein was any longer eluted from the column. It was noticed during each 
elution prc, cedure that a distinct brownish band remained firmly adsorbed to the  
top of  every column, while soon after the commencement  o f  the elution a very pale 
yel low band ~:oved down the column. The effluents, emerging from such D E A E -  
cellulose columns showed a pH of  7.o. Each effluent was assayed for the presence 
of  protein and histarninase. Effluents with a high specific act ivi ty  were subjected, 
for analyticaJ purposes,  to  electrophorcsis on cellulose acetate strips. Effluents from 
~ v e r a l  individual columns, showing the same high degree of  purity, as Lndicated by 
their specific activity as well  as by their electrophoretic patterns, were pooled, and 
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for maximal  purif icat ion were subjected  e i ther  to r ech roma tog raphy  on D E A E -  
cellulose or to a precipi ta t ion with ammon i um sulphate  to o.6 sa tura t ion.  

The  me thod  of  r e c h r o m a t o g r a p n y  of  his tav, i tmm on DE, AE-cellulose columns 
was essentially the same as for chromatography ' ,  ~Lg d e ~ r i b e d  above.  5-1o chroma-  
tographic  effluents of a similar degree of pur i ty ,  usually obta ined  from 3 columns,  
were combine~ into one fract ion (approx.  35 cnl} and dialysed for 3 h against  z 1 
o.oo 5 M b o r a t e - H C l  buffer  (pH 8.6) at 4 °. The slight precipi tate ,  which formed, 
was separa ted  by  cent r i fugat ion ,  and the clear, yellowish enzyme solution was 
applied to the  DEAE-cellulo.~. column+ 

For  prec ip i ta t ion  with a m m o n i u m  s, flphate, effluents from several  columns 
with a similar degree of  pu r i t y  were pooled, and ~ l i d  ammon ium sulphate  was 
added  under  mechanical  s t i rr ing to  give an o.6 sa tura t ion.  The  precipi ta te  separa ted  
by  cent r i fugat ion ,  wag dis .~lved in a small amoun t  of  o.o2 M phospha te  buffer 
(pH 6.8) and  the  solut ion ob ta ined  wa~ freed by  centrifugati~m from the  small 
insoluble residue, consistilig main ly  of  inert  protein.  Tho clear pale yellow super- 
na t an t  was dialysed against  o.oz M phosphate  buffer (pH 6.8) for 3 ° mha at  4 ° and, 
a f tc r  di lut ion,  was inves t iga ted  for its histaminage and prote;-a contents .  

Concentration of chromatographed effluents 

T h e  pooled fract ions f rom the  chromatograph ic  rtms were concen t ra t ed  in the 
ear ly  par t  of  the  work b y  ui t raf i l t ra t ion according to A LDERT-RECHT AND STE ~s,'ART ~t. 
u:.ing Visking tubings  at  a high posit ive prc~qure ( to  atm).  In the later stages of 
the  presen t  work,  however ,  it was found to  be. more convenient  to  concen t ra te  
ch roma tog raph ic  eh, ates by  osmosis, using a simple, very  little t ime consuming 
technique ,  described b y  HsiAo A~t, PuTx,t~Z ss. A dialysing casing, containing the 
ch roma tog raph i c  e luate  was covered with dry .  powdercnl s u c r o ~  for x h. The  sucrose 
was then  r e moved  from the dizdysing tubing by  washing wi th  water ,  av.d dialysis 
o f  zt, min  against  o.o2 M phosphate  buffer (pH 6.8). T | ,e  3-4-foln,, concent ra t ion  of  
each ch romatograph ic  effluent, thus  achieved,  gave a final concent ra t ion  of about  
x-2 mg of  prote in  per  ml of  solution, sui table for most  analytAcal purposes.  

RESUI.T.S AND DISCUSSION 

Partial purification of tlw enzyme by fractionation z~ffth ammonium sulphate and 
thermal denaturation of inert protein 

Typica l  resul ts  of  a par t ia l  purif icat ion procedure ,  r epea ted ly  carried out  on 
var ious  ba tches  of  c rude  hog-k idney  ex t r ac t s  are summarised  in Table  I. In each 
s tep  the enz)a'ne ac t i v i t y  was inves t iga ted  s imul taneously  on two substrates ,  hista-  
mine  and  cadaver ine ,  no enzymic  effect in aJly o f  the purifitattion ~tagcs having 
been ob ta ined  with hexam e t hy l ene  diamine,  or  put ,esc ine  as substrates.  I t  is appa-  
r en t  f rom the  specific act ivi t ies,  showr, iv, "Fable I, t h a t  an abou t  6o-fold puri~cata,~n 
o f  the  e n z y m e  wi th  h is tamine  as sub~trate,  as compared  with the crude ex t rac t ,  was 
ach ieved  on f rac t iona t ion  with a m m o n i u m  sulphate,  and heat ing  the  enz~ane solu- 
t ion a t  6o ° for 2o rain. Wi th  eadaver ine  as subst ra te ,  however,  not  only was the  initial 
a c t i v i t y  o f  the  crude  ex t r ac t  much lower than  tha t  with h is tamine  as subs t ra te ,  b u t  
also a bare ly  z2-fold purif icat ion was achieved in the same puriti,~ation procedure .  

l?iochim. Biopttys..4aa, 67 {t963) 542-565 
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Moreover,. the ratio of  the  specific ac t iv i ty  on his tamine in relation to t ha t  on cada- 
ref ine was not  cons tan t  at  all, bu t  differed significantly from one purification step 
to another.  I t  should be also ment ioned  here t h a t  during the purification procedures 
of different batches of hog-kidney ext rac ts  the  enzyme ac t iv i ty  on cadaver ine varied 
considerably, since in some batches the enzyme effect on the  la t ter  subs t ra te  wa.~ 
already Iost before the  thermal  t r e a t m e n t  of the  enzyme solution, whereas in some 
other batches some enzymic effect on cadavecine ¢ould be still de tec ted  af ter  the  
heating step. 

This observation of a missing relative cons tancy  a t  various stages of enzyme 
purification of the enzyme effect on his tamine to t h a t  on cadaverine confirms pre- 
vious findingsS, ~. Kon^YAsm ~ in his recent  a t t empt s  to pur i fy  hog-intest ine DO 
has isolated ~ v e r a l  fractions which metabolised both  h is tamine  and  cadaverine.  
This au thor  also found tha t  the  rat io of enzymic ac t iv i ty  on his tamine to tha t  on 
cadaverine varied considerably among  the different purification fractions. Con- 
sideration of these findings, such as the  vary ing  rat io of  the enzymic  degrada t ion  
of his tamine in relation to t h a t  of  cadaverine,  the fact  t ha t  in the  la ter  stages o f  
purification as will be seen later,  enzymic fract ions were isolated which were highly 
active on his tamine and completely inact ive on ca taverine,  and  finally, the  obser- 
vat ion made in the present paper  as well as in previous work ~, t h a t  no enzymic 
ac t iv i ty  on putrescine was encountered a t  any  of  the  purification stages lends no 
support  to  the claim of ZELLER s t ha t  hog-kidney histamina~e and DO are a single 
enzyme. 

Clwomatography of hislaminasc on DEAE-cellulose followed by electrophore.sis of  
chromatographic e~ttt~en~s on cellulose acetate ~ i p s  

The method  desiffned in this  work for the  purification of  his taminase by chro- 
m a t o ~ a p h y  on DEAE-cellulose w&~ used in 55 independent  a ~ y s .  each of  t h e m  
comprising 3 or 4 individual  columns. 

Fig. x represents a typical  ch romatogram of  an er~zyme preparat ion,  ob ta ined  
from step 3 of  the part ial  purification procedure (Table I), conta in ing 3z5 mg protein 
and 22 5oo enzyme units,  corr~-~ponding to a specific ac t iv i ty  of  7 x.4, wi th  h is tamine 
a.~ mlbstrate, and with no ac t iv i ty  on cadaverine.  On the  basis of the elution pa t t e rn  
this d iagram has been divided into 3 par ts :  A, B. and C. To each of  these 3 sections 
an electropherogram, typical  of the re levant  part ,  has  been a t tached ,  each of  them 
showing in its upper  part  an electropherogram of  normal  human  serum proteins,  
used in each run as a marker.  Elect ropherogram D in the r ight  upper  comer  re- 
presents  the electrophoretic  pa t t e rn  of  the enzyme mater ia l  before its chrovaato- 
g raphy  on DEAE-cellulc~e, showing two diffuse bands  in the  globulin fraction,  and  
one well defined band in the a lbumin region, with some protein  a t  the point  of  
appt icauon.  I t  can be .seen f rom this diagram t h a t  the  to ta l  enzyme ac t iv i ty  emerged 
f rom the column as a single, well resolved, a lmost  symmetr ica l  peak,  shown in 
section B, and it follows f rom the electropherogram of the peak effluent of  this 
section t h a t  the enzyme protein moved as a single, dis t inct  band  towards  the anode,  
located at  pH  6.8 of  the electrophoretic  r-nq in the region between the at-  and/~-  
globulin fractions of normal  h u m a n  serum. The efltuents of  this  section showed a 
very  pale yellow colour, and displayed a dis t inct  greenish yellow fluorescence under  
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F i g .  I.  E l u t i o n  diali lIram o h t a i t t e d  o n  c h r o r ~ a t n g r a p h y  o f  histamit3~.*ce o n  D U . A E - e e l t u l o s e  c o l t J m n s  
- -  C). p r o t e i n  ( m g / m l ) ;  × . . . .  × ,  s p e c i f i c  a ~ . t i v i t y  of" h i s t ~ m i n a s e  | t~ni t -~[mg p r o t e i n ) .  A t  

t h e  m o w  c l u t i o n  w a s  s t a r t e d .  E l e c t r o p h o r e s i s  wa,q c a r r i e d  o u t  o n  c e l l u l o s e  & c e t ~ t e  s t r i p s  w i t h  
a n  i o n i c  s t r e n g t h  o f  t h e  p h o s p h a t e  b l l f f e r  o f  o . o 5 ,  a t  p H  6.8.  A c u r r e n t  o f  o .0  m a i t r e  w l d t l ,  o f  
S t r i p  wa.q u ~ e d  f o r  4 h .  T h e  s t r i p e  w e r e  s t a i n e d  w ' i th  P o n c e a u  .~. E l e e t - r o p h e r o g r a m ~  above s ~ c t i o n 9  
A , B ,  a n d  C a s  we l l  a s  t h e  ¢ l e c t r o p h e r o g r a m  !~ s h o w  in  t h e i r  u p p e r  r ~ r t s  p , - t t t e r n s  o~" n o r m a l  

huma.n s c r a m  p r o t e i n s .  

ul t raviole t  light, The t~ak  effluent of fraction I5 ~ho~ed a specific ac t iv i ty  of  ~4oo, 
indicat ing a zo-fold purification a~ compared  with the  enzyme mater ia l  EefiJre 
chromato~graphy. I t  can be fi tr ther ~ e n  from Fig. I tha t  par t  A, with a n,:~llgable 
a m o u n t  of  his taminase,  consisted merely  of  inert protein, shown in the electrophero- 
g ram of  thLs section to  have travelled as a broad d~ffuse band  ~ i t h  some protein re- 
maining a t  the  poin t  of  application.  L ikewi~ ,  section C contained very  little hista- 
minase  ac t iv i ty  bu t  comoara t ive ly  large amoun t s  of  protein, shown in the  corre~- 
pondin 8 e lec t ropherogram as a b road  diffuse band  in the globulin fraction in addi- 
t ion to  a d is t inct  band  with the mobi l i ty  of  albumin.  On comparison of  the  electro- 
pherograms of  these 3 chromatoyraph ic  sect ions with the e lectropherogram D of  the  
par t ia l ly  purified his taminase  prepara t ion  ,r~.fore ch roma tography  the great  resoIu- 
t ion power  of  DEAE-cel lu lose  becomes obvious.  With  regard to the numerical  d a t a  
o f  this chromatograph ic  assay,  the  total  his taminase ac t iv i ty  e lu ted  from the column, 
a m o u n t e d  to 34 594 uni ts  and  the total  protein to xoI.65 nag. This c o r r ~ p o n d s  to 
a r ecovery  o f  I54~o of  the  hL~taminase ac t iv i ty  and to a recovery  of  only 32 .4% 
of  the  protein con ten t  o f  the enzyme solution before ch roma tography  on 13EAE- 
cellulose. 

I t  should be  emphasized tha t  in most  of  the 55 chromatographic  ass~}s the  

Bi~cJi=~. B~lty$..40=i. 67 (xOb3l 54z-565 
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yield of histamiuase ac t iv i ty ,  rec~vered from a DEAE-cellulose column, ranged 
from 125 to I9O°/o of  the enzyme ac t iv i ty  of  the mater ia l  applied to a column with  
a recovery of  only 3o-34% of  the to ta l  protein cot~tent before ch romatography  
This points towards a considerable selective separation abi l i ty  of DEAE-cellulose,  
indicati:~g tha t  the bulk of his taminase inhibitors is retained on the column. 

To invest igate the possibility of  a fur ther  purification of histaminase,  effluents 
of v=~rioug DEAE-cellulu~e columns showing highest  specific ac t iv i ty  and.  electro- 
phoretic.'~ily, the same dcgree of  pur i ty ,  were pooled, dialysed, and  either rechro- 
matographed  on DEAE-cellulo.~e or precipi ta ted with (NH~)aSO, to give an o.6 
.~.aturation. 

Rechromatography of pooled chromatographic effit4ents o~t DEAE-cegulose columns 

Fig. z is a typical  elution d iagram,  obtained on rechromatography  on DEAE-  
cellulos~ of  a h is taminase  solution with  57 mg protein and 2~ 90o enzymic units,  

| 
! 
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I 
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I 
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i 
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i, 
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0 0 0 " ~  
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F i g .  2.  H l u t i o n s  d i a g r a m  o f  a h i s t ~ L r n i n a ~ _  ~ r e p a x ~ t ~  - ,~ _ ~ f t o r  r e ~ h r o r n a t o g r a p h y  o n  ~ D E A E -  
c~el|ulos~-~ c t f l u r n n  A t  Lhe  a r r o w  e I u t . [ o n  w a s  s t a x t e d .  O • - - (~.  p r o t e i n  ( m g / m l )  ; x . . . .  × ,  s p e c i f i c  

a c t i ~ ' i t y  o f  h i s ~ m i n a a x e  ( u n i t s / r a g  p r o t e i n ) .  

corresponding to a specific act iv i ty  of  384 wi th  h is tamine as substrate ,  and no effect 
on cad,=verine. As seen in this  fi~ure, the tota l  histamina.~e ac t iv i ty  emerged from 
the col u.-nn almost  immedia te ly  after  the  commencement  of  elution as a single, 
very  welt resolved, symmetr ica l  peak, well separa ted  from a small tail  of  inert  
protein.  The tota l  his taminase eluted from DEAE-cellulose amoun ted  to ~8 6z 5 uni ts ,  
corresponding to a recovery, of  85% of the his taminase ac t iv i ty  of  the  enzyme 
solution before rechromatography.  The to ta l  protein eluted was 25.': mg of  which 
only i3.39 rag, i.e. 23.5% of the protein con ten t  before rechromato~graphy wer~ 
hi~tarninase protein.  The specific ac t iv i ty  of the  enzyme peak was xSoo indicat ing 
t h a t  a 4.7-fold purification ,~f the enzyme preparat ion was achieved •n rechromato-  
graphy0 with an overall xSoo-foid purification ot histamina,~e as com:~,axed to  the  

~B/ocAim,  B i o p h y s . . 4 e t a ,  fo 7 ( 1 9 6 3 )  5 4 ~ - $ 6 5  
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c rude  e n z y m e  p repa ra t i on .  In  .,~me o the r  c h r o m a t o g r a p h i c  ~ssays  an  a b o u t  2ooo-  
fo ld  pu r ' f i c a t i on  was obtair t~d on  r e c h r o m a t o g r a p h y ,  p r o b a b l y  ind ic ' t t ing  m a x i m a l  
p u r i t y  o f  the  e n z y m e  , s ince the  specific a c t i v i t y  d id  no t  c lumgc  on fu r the r  re- 
c h r o m a t o g r a p h y .  The  e f t l uen~  f rgm ; ~ i ~ r o m a t o g r a p h y ,  showing  peak  e n z y m e  
a c t i v i t y  were i nd iv idua l l y  c o n c e n t r a t e d  in d iu lys ing  tub ings  wi th  p o w d e r e d  sucrose  
w i t h o u t  a n y  loss o f  e n z y m e  ac t i v i t y .  

FIg. 3- Two typical e!~-'ctropherograms of an efflm:nt after rcchromatography on l)EAE-celluIose. 
F.leclarophoresiS carried cmt on ce l luh~  wCetate strips, at an ionic strength or 0.03 in phosphate 
buffer (pH 6.8) (top stripl and o.l (bottom strip). Normal hur..an serum u.~ed as a marker. 

Fig.  3 shows  t w o  e l e c t r o p h e r o g r a m s ,  typ ica l  o f  such a c o n c e n t r a t e d  eft]uextt. 
T h e  e lec t rophores i s  was  ca r r i ed  ou t  a t  p H  6.8 a n d  an ionic s t r eng th  o f  the  p h o s p h a t e  
buffer  o f  o.05 ( top  s t r ip) ,  and  o f  o.1 (l~ttc~m strip).  In  b o t h  ins t ances  the  e n z y m e  
t r ave l ! ed  t o w a r d s  t he  a n o d e  as a single, d i s t inc t  band ,  located  in the  region b e t w e e n  
a t -  and /~ -g lobuf in  f rac t ions  o f  n o r m a l  h u m a n  se rum ( top  p a r t  in each  strip),  As was 
to  be  expec t ed ,  t h e  p ro t e in  rnobili t ies were g r ea t e r  a t  t he  lower  ionic s t r e n g t h  o f  the  
buffer  w i th  a wider  s e p a r a t i o n  o f  the  bands ,  w h e r e ~  a t  the  h igher  ionic s t r e n g t h  
lower  mobi l i t i es  bu t  m o r e  s y m m e t r i c a l  and  sha rpe r  b o u n d a r i ~  were  ob.qerved. 

Furt.~er pur;~cation o f  pooled eff!.v.ents ~,f DEAE-cet.lulose columns by precipitation,. 
with ammon ium sldp/~te to 0.6 saturation 

T..'k HI.E I1 

PRI : ' c IPITAT]OI~  OF" POOLED EF'FLL'ENTS OF DEAE.-cgLLULOSE COLU.~NS 
W I T H  A. ' , |MON|IJM S U L P H A T E  TO O.~ SATtlRA'I ' IO.~ A.T ~ H  6 . ~  

IMforc precipitatton with (NH~)tSO 4 836 2.970 zblz 
After precipitation with (.~qlle)2SO t 7.56 o,z78 ZTOO 

As  can  he seen f r o m  t h i s  t ab le  an a lmos t  xo-fo[d pur i f ica t ion  o f  the chro,-nato- 
g r a ph i c  e m u e n t s  was  a c h i e v e d  b y  p rec ip i t a t i on  wi th  a m m o n i u m  sulphate .  The 
pur i f ied  e n z y m e  s h o w e d  a specific a c t i v i t y  o f  27oo, and  was  recovered  in a yield o f  
8 9 . 7 % .  A f t e r  c o n c e n t r a t i o n  w i t h  sucrose,  the :~  pure  h i s t a m i n a s e  so lu t ions  were 
used  a long  w i t h  pure  hi_staminase solut ions ,  o b t a i n e d  b y  r e c h r o m a t o g r a p h y  on D E A E -  
cellulose,  for  t he  s t u d y  o f  t h e  b e h a v i o u r  o f  this  e n z y m e .  

Clear ly ,  t he  resu l t s  o b t a i n e d  on pur i f ica t ion  o f  h i~ taminase  b y  c h r o m a t o g r a p h y  
on  D E A E - e e l l u l o s e  c o l u m n s  s u b s t a n t i a t e  p rev ious  su~gestions~-~, =a in d e m o n s t r a t i n g  
t h a t  it is possible  to  o b t a i n  h~ tami~a . se  c o m p l e t e l y  fre~ o f  D O  act i  ~i~y. 

B i o c h i ~  Biopkys..~c~. 67 (x903} 54z=565 
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Properties of tmrified histaminase 

Elerfrophore~.ir ,nobi~Cf3': V a r y i n g  m i n u t e  a m o u n t g  o f  p u r e s t  e n z y m e  f rac t ions ,  
h o m o g e n e o u s  b y  t h e  c r i t e r ion  o f  c h r o m a t o g r a p h y  were  c o n c e n t r a t e d  b y  o s m o s i s  
w i th  sucrose ,  t h e n  s u b j e c t e d  to  e lec t rophoresL~ on  c e l l u l o ~  a c e t a t e  s t r i p s  o v e r  a p H  
r a n g e  e x t e n d i n g  f r o m  4.6 to  8.6, a n d  w i t h  t h e  ionic  s t r e n g t h  o f  t h e  bu f f e r  v a r y i n g  
b e t w e e n  0.05 a n d  o.x. N o r m a l  h u m a n  s e r u m  w a s  used  as  a m a r k e r .  

-: -. - I 

i.. . '.~. ~ I-' "r~ "S." 
i:.:.!".'..'-." "~' . ".'~"~-; -- 
~i:''-" ' :" " !;'-'"'~'~'- 
~>':-:. ' a~'~ ~" ~':"'''~::-"i'::" .~--.-.-.. ~r-..,. ,--. ~ ,..-~:-~ 

::i.i ?.:".~.: ".:. ""-~ ~..".".-*f:.~ 
:, 

,.._~ __-~....-.. ~ ~  

Fig. 4. Electropherogranas of pure h i s tamin~e  obtained on cellulose acetate strips, a t  pH values 
•angiug from 4.6 to ~÷6, with the ionic strength of the buffer solutions varying between 0.05 and 
o.t. A current of o.6 mAlcm ~'idth of strip used for 4 h. Strips stained with Poac.eau S, Norm&| 

human serum used as a marker, 

Fig. 4 i l l u s t r a t ~  the  p a t t e r n s ,  o b t a i n e d ,  f r o m  w h i c h  it  c a n  b e  seen  t h a t  p u r e  
h i s t a m i n a s e  t r a v e l l e d  a t  all p H  va l ue s  as  a s ingle,  a p p a r e n t l y  h o m o g e n e o u ~  b a n d ,  
in m o s t  in~ tanccs  t o w a r d s  t h e  anode ,  t o  b e  l o c a t e d  a t  p H  6.8 a n d  8.6 in t he  r eg ion  
b e t w e e n  a l- a n d  f l -g lobul in  f r a c t i o n s  of  h u m a n  s e r u m .  W h e r e a ~ ,  a t  p i t  4.6 t h e  e n z y m e  
m i g r a t e d  *towards the  c a t h o d e ,  no  m i g r a t i o n  o f  hJstamina.~a w a s  f_~en b e t w e e n  
p H  5.o a n d  p H  5 . I5 ,  w h i c h  wou ld  p l ace  t h e  i soe lec t r i c  p o i n t  o f  h i s t a m i n a s e  b e t w e e n  
these  t w o  p H  va lues .  T h e  f ac t  t h a t  v a r y i n g  t h e  a m o u n t  o f  e n z y m e  p r o t e i n ,  o r  t h e  
ionic  s t r e n g t h ,  or  t h e  p H  va lue  o f  t he  bu f fe r  d i d  n o t  r e v e a l  m o r e  t h a n  one  c o m p o n e n t  
in t h e  r e s u l t i n g  i o n o g r a m s  s e e m s  to  i n d i c a t e  e l e c t r o p h o r e t i c a l  h o m o g e n e i t y  o f  p u r e  
h i s t a m i n a s e  p r e p a r a t i o n s .  

Stability: P r e p a r a t i o n s  o f  p u r e  h i s t a m i n a s e  w e r e  s t a b l e  fo r  w e e k s  a t  4 °, a n d  for  
m o n t h s  in  t h e  d e e p - f r e e z e  c a b i n e t  ( - - z 8  ° t o  - - z o  °) w i t h  a l m o s t  no  loss  o f  a c t i v i t y .  
H e a t i n g ,  u p  i o  6z  °, d id  n o t  a f fec t  t h e  e n z y m e  a c t i v i t y .  

Effex~ of substrat¢ c.onc.ogra~itm,: As m e n t i o n e d  a b o v e ,  t h e  o p t i m a l  s u b s t r a t e  
c o n c e n t r a t i o n  for  a h i s t a m i n a s e  c o n t e n t  o f  x o - z 5  u n i t s  w a s  Z ,TZ-5 .44 / amo le s  o f  
h i s t a m i n e  d i h y d r o c h l o r i d e / x o  nil .  I t  s h o u l d  b e  e m p h a s i z e d  t h a t  in  t h e  p r e s e n c e  o f  
s u p e r o p t i m a l  h i s t a m i n e  c o n c e n t r a t i o n s  a c o n s i d e r a b l e  i n h i b i t i o n  o f  h i s t a m i n a a e  
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ac t iv i ty  wa_~ always observed.  The  sig~iiJcance of tl,i~ finding will be d i~u~sed later. 
Effect of  pH: Fig. 5 shows the  react ion veloci ty tff his taminase a.-~ a function of  

pH.  I t  car,, ~ .._~en tha t  the ac t iv i tv  o f  pure his taminase appears  opt imal  at  pH 6.8 
with a r a the r  s teep decline below and above this pH value. 
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Fig .  5- E f f e c t  o f  p H  o n  t h e  . ac t iv i ty  o f  b i s t a m i r m s e .  A c e t a t e  b u f f e r s  w e re  u s e d  fo r  p l{  v a l u e s  o f  
~$.o ~ d  b,.$, p h o ~ h a t ~  buffer~  for  p H  va.lues u f  6 .0  a n d  8,~, a n d  b o r a t e  bufeer~ for  p H  v a l u e s  

o f  8.6 a n d  9.o.  

Nalure of the reaction product o/the histaminas¢ action on histamine 

In  paper  ch romatograph ic  a_~gays previous findings =7 were confirmed. On in- 
cuba t ion  at  37 ° for 6o min pure  his taminase acts  on histamine with the fo rmatmn of  
on ly  one react ion product ,  imidazole ace ta ldehyde ,  which is oxidis~l  by fur ther  in- 
cuba t ion  with added  xan th ine  oxidase at  37 ° for 6o rain to  imidazole acetic acid. 

Subs~ate s p e c i ~ y  

As poin ted  out  above,  minu te  a m o u n t s  o f  pure hL~taminase prepara t ion  were 
found  to  be highly act ive  on his tamine,  bu t  cnmple te ly  inact ive on putrescine,  
cadaver ine ,  and  h e x a m e t h y l e r e  d iamine  as ~ubstrates. Two me thy l  der iva t ives  o f  
h is tamine ,  however ,  wi th  subs t i tu t ion  in the  imidaTole nucleus, the  x -methyb4-  
(~-aminoethyl) - imldazole  (z ,4-methylhis tamine)  and the  z-methyl-5-(/0-aminoethyl)-  
imida~ole (x,5-methylhistami~,e) p roved  tn be, as can be. seen in Table  I I I ,  v e r y  
good  subs t ra tes  o f  pure  his taminase.  

F u r t h e r m o r e ,  in rni:: tures of  h is tamine with c .her of  these z compounds  no 
add i t ive  effect, bu t  compet i t ion  was ob ta ined  which indicates tha t  a single enzyme  
was opera t ive  dur ing  the  degrada t ion  o f  the  subs t ra te  mixtures .  Subs t i tu t ion  in the  
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imidazolo m~cleus of  h is tamine doe.~ apparen t ly  not interfere wi th  h is taminase  
action. These results subs tan t ia te  previous findingsSB,a~, "°. 

From exha:Jstive studies, e a rned  out  wi th  m a n y  coworkers on the catabol ism of  
histanxil,e i,t t'ivo, SCH.~ VEX 4~ er~,eluded tha t  one of  the major  pa thways  of h is tamine 
nat:ta'ooli~m iv,,.,olve~ an enzy,'rfic me thy la t i on  in t i c  h is tamine molecule of the  
imidazole ni t r t~en,  remote from the side chain, to give z-methyl-4-(fl .arnmoethyl)-  
imidaz~te tx.4-methylhistarnine) (see ref. 42). The fact t ha t  pure h is taminase  is able 
to degrade 1~ot o~at~" his tamine but  also its physiological metaholi te .  1,4-methyl- 
histamine,  qeem.~ to - d d  to the biological significance of  this enzyme.  

Effect of various £vpica2 e~zyme ~nhibitors on histaminas¢ 

Histamina.-e is inhibited t,a a vary ing  ex ten t  by  ca¢bonyl reagents such as 
cyanide,  b!su!phite, hydroxy-amh~.e, semicarbazide,  isoniazide, aminoguaaJ~dine, and  
phenylhycL-azi,e which is in agreement  wi th  ZELLER'S ~ work. The enzyme is. 
howeve r  not  inhibited by sodium azide, thiourea,  and  H~q which seerrL~ to incticate 
t ha t  heavy metal  is not required for his taminase action/s. Moreover, histam~nase is 
insensitive towards iodoacetate,  PCMB, and allicin which points  to the absence of 
SH-groups ~ .  e~sential for its enz~mlic action. 

Nature of  the prosthetic group(s) of  histamina.se 

Wherea.~ it has been repeatedly  ~uggested and exper imenta l  ev~Jence ha~ been 
presented by  various workers4,2°. 4s tha t  h i s t ammase  is a flavoprotein,  F A D  being 
involved a_~ a prosthetic group in the  oxidat ive deaminat ion  proce_~s o¢ his tamino hy  
histamina_~,e, no such evidence for the presence of  a flavin compound in the  hista- 
minase molecule was found by  LASKOWSgt e~ ~t. 4* and  LELOIR AND GREEN 4T- ~ince 
the  histamina~e prcparnti~,ns, which had  been found to contain FAD, had  been only 
par t ia l ly  purified it could be argued tha t  the  presence of  FAD in those, preparat ions  
could have  been dt'.e to  a contaminat ion .  Het,¢e, it appeaxed to be essential  to re- 
examine  this question with  electrophoret ical ly pure h is taxnina~ preparat ions,  ob- 
ta ined in this work. Different pure his taminase solutions in o.oz M phosphate  buffer 
(pH 6.8) containing between o. 4 and  x-4 mg of protehl /ml,  were subjected to a 
sw.ct rophotometr ic  invest igat ion in the  Unlearn, SP 5oo, spectrophotometer .  All 
these histamin~se preparat ions  showed a dis t inct  greenish yellow fluot~osceace under  
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u l t r av io l e t  hgh t .  A so lu t ion  o f  a u t h e h t i c  F A D  {L. L igh t  & Co Ltd . ,  Cohabrook,  
E n g l a n d )  c o n t a i n i n g  o.5 p g  o f  F A D / m |  o f  o.o2 ~I ph~,.~phate buffer  (pH 6.8) a n d  
showing  the  cha rac t e r i s t i c  ab~orpti~m m a × i m a  a t  375 m/~ and  45o r,v~ was  used a-~ a 
ma rke r .  I t  was  ve ry  d i s a p p o i n t i n g  to  find in m a n y  inves t iga t ions  t h a t  n o n e  o f  t he  
pu re  histamir~ase p repara t ion~  showed  :he  abso rp t i on  peaks ,  cha rac te r i s t i c  o f  F A D .  
Since.  however-, a.s m e n t i o n e d  above ,  pure  h i s t aminase  so lu t inns  di.splayed a gt 'eenish 
ye l low f luorescence u n d e r  ul t rav:o~et  light, it wa~ dec ided  to  i nves t iga t e  h i s raminase  
solutit~n.~ in r. ~pec t ro f luo rome te r  by  m e a n s  ~f which,  a~ is welt k n o w n ,  abse.rpt ion 
cha rac t e r i s t i c s  o f  f luorescent  o rgan ic  c o m p o u n d ~  can be o b t a i n e d  a t  c o n c e n t r a t i o n s  
as low as o.z g g / m l  (see ref. 48). 

9 o  

.~ 70 

G.13" 

[i !',/ 

o . 
~ O  300 ~ ~CO 600  

W ~ e ~ t n  Crop) 

l- ' ig. 6.  A c t i v a t t D g  s p ~ c t m  o f  l ) u r c  h~t~mlna, ,~e h ~ f o r e  a n d  a f t e r  a c i d i f i c ~ t i ~ n  w i t h  o . i  ,NI [ IC.] .  
and of authentic FAD st the fluorescence emission maximum at ~3o rr~u. - -  . . . .  , pure hista- 
mtna.~ i n  o . o ~  M phosphate buffer (pH 0.~) with o.44 mg protvin/ml; . . . .  . the same enzymc 
solution after acidification with o.t N HC:; . . . . .  authentic FAD in o.oz M phosphate buffer 

(pH 6.8). o.-- #g FAD/ml. 

Fig. 6 shows  the  a c t i v a t i n g  spec t r a  of  the  e l ec t rophore t i ca l l y  pure  h i s t aminase  
(Curve  A), a n d  the  a u t h e n t i c  F A D  (Curve C), a t  pH  6.8, o b t a i n e d  in the  A m i n c o -  
B o w m a n  s p e c t r o f l u o r o m e t e r ,  w h e n  the  a p p a r a t u s  was  set a t  the  f luorescent  w a v e -  
l e n g t h  o f  53o rap,  c o r r e s p o n d i n g  t~ the  k n o w n  m a x i m u m  f luorescence o f  FAD**. 
T h e  m a x i m a  o f  a c t i va t i on ,  o b t a i n e d  for  F A D  at 375 m p  and  45o m~,  as seen in 
C u r v e  C, c o m p a r e  well wi th  re ferences  in the  l i t e ra tu re  ~. Curve  A shows  t h a t  two  
a b s o r p t i o n  m a x i m a ,  v e r y  s imi lar  to those  gi~'e b y  a u t h e n t i c  F A D ,  .:=~e o b t a i n e d  
w i t h  t h e  p u r e  h i s t aminc~e  p r epa ra t i on .  A sl ight  ,~hift t o w a r d s  t h e  longer  wave-  
l eng ths  occur red ,  e~peci~_lly a p p a r e n t  a t  t he  a b s o r p t i o n  mr_xirnum a t  45 ° m/~ which  
m o v e d  to  458 m/a. Such  shif ts  o f  a b s o r p t i o n  m a x i m a  h a v e  been  d i scovered  in m a n y  
f l a v o p r o t e i n s  m. F ina l l y ,  Curve  B i l l t m t r a t ~  the  a c t i v a t i n g  s p e c t r u m ,  o b t a i n e d  f rnm 
p u r e  h i s t a n d n a s e  o n  acidifi¢-ation wi th  o.x N HCL I t  can  be c lear ly  seen f r o m  th is  
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curve tha t ,  on acidification, FAD ~ u s t  have  been l ibera ted  f rom the enzyme,  since 
~h~, t .,o absorpt ion  m a x i m a  were found  a f te r  adcLification a t  the  same points  as 
!.~,os~ of  au then t i c  FAD.  Moreover,  on acidification the  fluorescence o f  the  solut ion 
increased to  such an e x t e n t  t ha t  the absorp t ion  peaks  could be only  recorded  a f te r  
the  sensi t iv i ty  of the  appa ra t u s  had been reduced  abou~ 3n-fold. Fig. 7 shows two 
e lec t ropherograms,  ob ta ined  f rom the  same his taminase  p repa ra t ion  before and  a f te r  
aczditication ~-ith o.x N HCi, using normal  h u m a n  seru~n as a marker .  Whereas ,  
before acidification the  enz~nrae migra ted  to  i ts usual  posit ion between the  oh,- and  
/8-globulin fract ions (lower par ts  of  bo th  e lect ropherogra ,ns) ,  no migra t ion  wha t soeve r  
took place o-fter acidification (upper  pa r t  o f  top  e lec t ropherogram) ,  indicat ing t h a t  
a dena tu ra t ion  of  the  enzyme  mus t  have  taken place. I t  should be no ted  here t h a t  
ve ry  .~irnilar .~pectrofluorometric and  e lec t rophore t ic  results  were ob ta ined  when the  
pure enzyme was hea ted  a t  80 ° for 60 sec. 

Fig. 7- Eh:ctroph~:rograms o f  a. histaminase solution (see Fig. 6) before acidification {lower part 
of both stri?s] and af'.er acidification with o.z 1~I HCI (upper part of top strip). Phosphs.te buffer 

(pH 6.8), ionic stTenffth o.o 5. Current of o.6 mA/¢m width of strip/4 h. 

For  fur ther  identif icat ion of  these opt ical  findings, poin t ing  towards  the  presence 
of FA D  in the  hi~tarninas~ molecule,  t he  effect of  the reducing agent  sodium d i th ion i te  
on his taminase  was examined  in the  spec t rof iuorometer ,  and  the  resul ts  axe shown 
in Fig. 8. I t  is seen f rom Curve B of  this d i ag ram tha*. Na,S~O 4 cohs iderab ly  affected 
the  spec t ra /behav iou ,"  o f  h is taminase  (Curve A), since, on its ac t ion  0n the  enzyme,  
the  peak at  375 m p  appeared  to  be g rea t ly  reduced  and  that  a t  458 m/u a lmost  
comple te ly  disappeared.  Curve C shows t h a t  oxygena t i on  for  on ly  6o sec of  the  
h i s tammase  solution, which had been reduced  by  di thioni te ,  caused a rap id  reappear-  
ance o f  both  absorpt ion  max ima ,  typ ica l  o f  oxidised FAD (Curve D). The  behav iou r  
of  h ~ t a m i n a s e  towards  d i th ioni te  wi th  the  appaxent  fo rmat ion  of  a leucoflavin 
de r iva t ive  and the  rapid  reoxida t lon  o f  the  l a t t e r  by  molecular  oxygen  seems to  be 
a fu r the r  indicat ion of the  invo lvemen t  of a flavin group in the  m~lecule o f  th i s  
enz_vl'ne. According to  SINGER A~D KF-ARN~-'L ~ the  r eox ida t ion  of  r educed  O_xvo- 
enzymes  b y  molecular  oxygen  gives rise to  H~Ot fo rmat ion ;  henna, t he  finding of  
pero×ide among  the react ion p roduc t s  of  a biological ox ida t ion  reac t ion  is a reliable 
indica t ion  o f  the presence o f  a f lavoenzyme.  As men t ioned  above,  t he  fo rma t ion  o f  
one  molecule o f  HsO s per  molecule o f  subs t ra te  dur ing  t he  act ion of  h is tami~ase  w~_ e 
i ndependen t ly  di-~overed by  var ious  workers  a l r eady  in the v e r y  ear ly  s tudies  o f  
this  enzyme' ,a°.  ~. 

Inc identa l ly ,  r e ~ d t s  similar to  those observed  with di th iorute  were ob ta ined  
on  the  addi t ion o f  h is tamine  to  a pure  h is taminase  solution, a_ d is t inc t  b!eachlng 
of  the  pale yel low colour  was observed.  Owing, however ,  to  a rap id  reoxida t ion  o f  

BiocAim.  Biop~s..,4~a, 67 (t963) 54a-565 



I D E N T r F I C A T I O N  O F  I"[OG-KEDNEX t H I S F A M I N A S E  557 

I 
,B.('~. • 

i 
7.~" - 

f 

2 C ;  - 

,.oj- 
ol : 
2OO 

rC 

tL 
; : |D 

ii.l,A 

• i ~ ;  

, ,  ~i~ !t 

il 

3 0 0  4 0 0  5 0 0  6OO 
W,m~.,e,r~2t ~ ( m.'..l.,, ) 

F i .  H. A c t i v A t i n g  s p e c t r a .  ,)btiLi]le¢l .at t h e  l|uorcs~-L*ncL" e , m s ~ i , m  m a x i m u m  a t  53O m/~ o f  p u r e  
; ".~ta,nin~.t~e h ,e fore  a n d  a f t¢~  t r¢~Ltm~nt  w i t h  d i t h i o n i t e ,  fo l l~ ,x 'ed b y  re ,>xic la t ion  ~ (  t h e  r e d u c u d  
e n z y m e  w i t h  m o l o c u l a r  O . .  A,  H i ~ t a m i n ~ , ~ ,  in  c~.og .M pho~p l - . a t e  b u f f e r  ( p R  6 r3) ~ - i th  o. ~.! nag 
p r o t e i n f m l ;  B,  t h e  s a m e  e n z y m e  s o l u t i o n  ~fte .r  t h e  a d d i t i o n  o f  o+z  m l  o f  .~% Naa.q~i.~ a in  p h o s -  
p h a t e  b u f f e r  ( p H  0 . 8 ) ;  C 13 a f t e r  r c o x i d a t i o n  w i t h  m o l e c u l a r  o x y g e n ' ,  D ,  ; L u t h e n t i c  F A D  in  

o,oz M p h t m p h a t e  b u l a c r  ( p t l  6.8} {o ~ l l g  F A D / m l I .  

the  reduced  enzyme,  which could not  be fully control led,  the  f luorometr ic  changes 
on addi t ion  o f  h i s tamine  were le~ d ramat ic  as compared  with those, seen with 
di thioni te .  MORELL 6t had also o b ~ r v e d  tha t  hypoxan th ine  decreased the absor! :non 
o f  xan th ine  oxidmge at  450 m/x much  more  slowly than  did .'~odium dithionite.  

~! thnugh pure  h is taminase  prepara t ions  had failed to  show in the Unlearn, 
SP 5o0, s p e c t r o p h o t o m e t e r  the absorpt ion  peaks at  375 m/z and 45o m/~, typical  of  
FAD,  tw o  o the r  absorpt ion  maxima,  however,  a ve~ ,  small one at  330 m/z and a 
much  larger  one at  405 m~ were regular ly observed on spec t rophotometa ic  exami-  
na t ions  o f  this enzyme.  Since workers such as WERtE AN~ pF.CXMA.X'.X'S*, S[NCLA]R ~, 
DAVISO.XM, and  GORYACH~NKOVA ~ had previously claimed tha t  histaminase wa.s a 
P P - d e p e n d e n t  enzyme,  and because of the  well known fact,  t ha t  carbonyl  reagents  
axe s t rong inhibi tors  of  his taminase ac t iv i ty ,  it wax decided to  invest igate  whether  
the  absorp t ion  max ima ,  observed  in the Unicam. %P 5o~, spec t ropho tomete r  could 
be possibly re la ted  to  the  exis tence of PP  in the histaminase molecule. It  is kr~n~s'n ~ 
t ha t  syn the t i c  P P  shows, a t  p f l  7.0, two ab .~rp t ion  maxima ,  one at  330 m/~ and 
ano the r  one a t  388 m/~. 

Fig. 9 shows the  absorp t ion  spect ra  of  a pure his tamina.~ prepara t ion  in o.o2 M 
phos pha t e  buffer  .solution, a t  p H  6.8, as well as at  pH 6.% and  al.~,o the  absorpt ion 
spec t rmn  c f  au then t i c  PP  (Roche Produc ts  Ltd. ,  ~Velwyn Garden City, Herts.) a t  
pl-I 6.8. I t  can  be seen from this figure tha t  at  bo th  p H  6.z and  p H  6.8 the  absorp- 
t.ion p a t t e r n  o f  laistaxamase g rea t ly  r e , t a b l e d  the spect rum,  shown by  au then t i c  PP.  
The  in tens i ty  of  the  absorp t ion  m a x i m a  of  his taminase appeared  to be grea te r  at  
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pH 0.x compared  with tha t  a t  pH 6.8. ~HUKUYA AND S('}IWERT ~ made  similar  
ob.~:rvat i .us  with glutaxnic acid decarboxylase  when t hey  found t h a t  a change i~) 
the  absorpt ion m a x i m a  depended  upon the  p H  value  o f  the  solution. 

O.3~ 

~3~ 

0.2~ 

 o.,4 

3O0 ~ 400 4 ~  SO0 
vmvek~g~ ~rr~) 

Fig. 9. AL~,rption spcctr~ of pure hi~tammase and of authentic PP with o.7z mg/ml enzyme 
pr,~te~in. [~ . . . .  ,'7. Hist.~tmina~e in phosphate buffer (pH 6.8) ; C/-- - - ~,.), bistRminase in phos- 
phate buffer {pH ~.~): × .... ×, h i . ~ : ~ i n ~  ~fter additio n of ~o/ag hJ .$ t~ i~  ~k~ ~ubofr~te; 

O . . . . .  Q. authent ic  PP in  phosphate buf fer  (pH 6.8) (zo/~glml) .  

I t  can be fur ther  seen from Fig. 9 t ha t  a shift  towards  the  longer wavelengths  
occurred at  trLc larger absorpt ion  peak  of h i s taminase  at  bo th  p H  6,I  and  p H  6.8, f rom 
388 m/~ to  4o 5 m/~. A spectral  change of  this t y p e  has been observed  with m a n y  
PP-dep~.udent enzyraes~,~ .  Finally,  an addi t ion  o f  h i s t ~ n i n e  (5o ~g) to  the  hista-  
minnie  solution m phospha te  buffer (pH 6.z) c~u_se.1 a significant a l te ra t ion  o f  the  
absorpt ion  spect rum,  in so far, as the  absorp t ion  m a x i m u m  at  4o5 m/L g rea t ly  de- 
creased in intensitT, and the absorpt ion  peak  at  33o m/~ was comple te ly  obl i te ra ted .  
Similar spec t rophotomet r ic  re~liRs were previous ly  ob ta ined  with P P - d e p e n d e n t  
e n z ~ e s ~ . ~ . : ~ ,  and it Ls general ly  be~eved tha t  these ch~mges, p robab ly  due  t o  the  
in te rmedia te  form~.tion o f  a Sch~ff base be tween  P P  and  amino  compounds ,  are 
involv,_~d in 1 e~c:km mechanisms,  c,~talyzed b y  this  t y p e  o f  enzyme~. 

JENKINS A.~I> SIZ~R 'o observed  t ha t  P P  exh ib i t ed  a t  p H  7.0 a s t rong fluorescence 
at  40o rn/~, whereby  the ac t iva t ing  m a x i m u m  was located  a t  3zz m~, and a v e r y  
weak  fluorescence at  405 m~u with an ac t iva t ing  m a x i m u m  at  395 m/L 

Fig. xo shows the ac t iva t ing  spect ra  o f  a his tamina~e solution as well as of  a 
solut ion of  au then t ic  PP ,  at  p t I  6.8, ob ta ined  with the  spec t rof luorometer  set a t  the  
f luorescent  m a x i m ~ m  of  P P  a t  4oo rap. In agreement  wi th  references in the  l i tera ture ,  
the  ac t iva t ing  peak  of  au then t i c  P P  was found  to  be a t  3~2 n ~ ,  while the  ac t iva t ing  
peak  of  h is taminase  moved  towards  the  shor te r  wave leng th  o f  3oo m/~. 
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Fig. to. Activating spectr~ of pure histamina.~t: anti of authentic PP at  the fluorescence ernis~iwn 
maximum, at 4oo ml~. - . . . .  . Flistamina~,c in o.o: M I>hc~phate buffer (pH tLS) (er~xyme protc~n 

o.7~t mg/ml); . . . . .  , autht:nti~: PI '  in o.o2 i ]d~r~phate buffer (pII ,>.8) (zo/,g/rnl). 

T h e  f o r e g o i n g  d a t a  s e e m  to  p r e s e n t  g o o d  e v i d e n c e  to  a c c e p t  *.hat b o t h  F A D  a n d  
P P  axe p r o s t h e t i c  g r o u p s  o f  h i s t a m i n a s e ,  thu.~ : , u b s t a n t i a t i n g  e a r l y  r e l e v a n t  .~ug- 
g e s t i o n s  b y  W E R L E  AND PECIIMAN.'; zI, anct m o r e  r ecen t  ones  b y  (~ORYACHENKOVA ~s. 
T h e  q u e s t i o n ,  h o w e v e r ,  v¢tly pt lre hLs taminase  .-alutiorts w i t h  a s imi lar ,  v e r y  h~w 
p r o t e i n  c o n t e n t  s h o u l d  h a v e  a l l owed  one o f  i ts  t w o  p r o s t h e t i c  group,; .  PP ,  to  be  
eas i ly  r e v e M e d  ;n the  no t  v e r y  .~ensitive s p e c t r o p h o t o m e t e r ,  U n i c a m  S P  5o0. where ;m 
for  t h e  d e t e c t i o n  o f  t h e  o t h e r  p r o q t h e t i c  gro- lp ,  F A D .  the  t o o - t i m e s  m o r e  sens i t ive  
s p e c t r o f l u o r o m e t e r ,  A m i n c o - B o w m a n ,  h a d  .to be  used ,  is a t  p r e sen t ,  on ly  a m a t t e r  
o f  s p e c u l a t i o n .  I t  m a y  well be  t h a t  m o r e  m o l e c u l e s  o f  P P  t h a n  o f  F A D  are  a ' t a c h e d  
to  zhe a p o e n z y m e  o f  h i s t a m i n ~ s e .  In  th i s  c o n n e c t i o n  it is r e l e v a n t  to  m e n t i o n  t h a t  
SINGER AND KEARNF-Y ~"O | l a v e  s t r e s s ed  the  fac t  t h a t  m o s t  f lavoprote in- :  in v e r y  
re l i ab le  m e a s t u ' e m e n t s  h a v e  b e e n  f o u n d  to  c o n t a i n  o n l y  x mo lecu l e  o f  f l a , , in lmolecu le  
o f  p r o t e i n  ( a l x m t  65 o o o - 7 5  o o o g ) .  More w o r k  will h a v e  to  be  d e v o t e d  to  f m t h e r  
s t u d i e s  c o n c e r n i n g  t h e  p r o b l e m  o f  t h e  a t t a c h m e n t  o f  F A D  a n d  P P  to  t h e  apoe..nzyme 
o i  h i s t a m i n a s e .  

Considm, alion of raaction mechanisms involved 

I n  S c h e m e  x a n d  S c h e m e  2 t w o  r e a c t i o n  mechax~isqas s , e  s u g g ~ t e d ,  e i t he r  o f  
w h i c h  m a y  be  o p e r a t i v e  w h e n  p u r e  h i s t aan inase  ac t s  on h i s t amine .  

I n  S c h e m e  x. w h i c h  is s imi l a r  to  t h a t  r e c e n t l y  prot:~:~xt b y  I$~AU-XSTEIN ~ for  
t h e  a c t i o n  o f  D O ,  a t w o - s t e p  r e a c t i o n  m e c h a n i s m  k~ p r e s e n t e d ,  i n v o l v i n g  in i t s  first  
s t e p  a t r a n s a m i n a t i o n  b e t w e e n  t h e  s u b s t r a t e  a n d  the  l ' P - f o r m  o f  h ~ t a m i n a s e  w i t h  
; h e  f o r m a t i o n  o f  a Sch i f f  base ,  the  e n z y m e - b o u n d  pyr idoxv l ide .~e  a z o m ~ h i n e .  
FAectronic  d i s p l a c e m e n t s  m a y  resu l t  iwL d i s soc i a t ion  o f  t h e  a - h y d r o g e n  a t o m  a n d  
sh i f t  o f  d o u b l e  b o n d s ,  l e a d i n g  t o  t h e  tautomer!- 'c  a z o m e t h i n e .  T h ~  is h y d r o l y ~  to  

Bioc.hlm. RiopJ~ys. Ac~a, O." (,963) 54=-565 
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Step  2. 
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+ H t N  CHs  

lmidazo le  l ' [ t a m i n e  • 
aceta ldehyde  e n z y m e  

Tautomeric  a z o m e t h i n e  

FAD 
. . . . . .  > F I N = C H  1. I : A D H ,  

lXnzyn ,e -bound  
pyridoxyt imino  
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+ Ot 
--* - - C H - - O  + NH= -{- H j O  a 4- F A D  
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R. irt~idazole; 1'1 ', pyrido×al-5-ph,~sphoric-  estt.r; PParnine.. pyr idoxamine-5-phosphor ic  e.~tL..'. 

imidazole acetaldehyde and the pyridoxamine phosphate-enz)mae. In the second 
step of this mechanism the pyridoxamine phosphate form of  the enzyme may  undergo 
dehydrogenation by the secured prosthetic group of  histaminase, FAD,  to the enzyme- 
bound pyridoxylimino phosphate compound,  and the reaction mechanism is com- 
pleted by reox~datinn of  the leucoflavin by oxygen to FAD,  and hydrolysis  o f  the 
enzyme-bL, und pyridoxylimino pho.~phate to the PP-form of histaminase with the 
formation of  NHs and H~O2. 

With purified DO preparations from hog kidney and clover .'seedlings UOnVA- 
GHENKOVA °l failed to achieve net transamination between diamines and added PP 
or free pvr/doxal. It will be. shown later, however, that in v/~o, enzymic experiments 
with added P P  and d/amines, especially histamine, should be assessed only with 
greatest reserve b e c a u ~  of the possible formation of not di~ociable  cyclic con- 
densation pr(zl,zcts. 

In Scheme 2 a reaction mechanism is shown, similar to that proposed in x949 
by WERLE AND PF-CHMANN ~Lt lot  the action of  plant DO o,i its substrates. Thus, the 
enz_vmic deamination of  histamine may,  according to this scheme, proceed first by 
condensation of histamine with the PP-form of  histaminase with the formation of  a 
Schiff base which, however, does not  Undergo tautomeric rearrangement, but is 
directly dehydrogenated by the flavin prosthetic groBp, FAD,  to the a, / / -unsaturated 
azomec_hine .complex with the formation of  the leucoflavin, F A D .  Ha. The r~.action 
cycle i.~ c~mple~ed by reoxidation of  the leucoflavin by Os with the formation of  
H,Oz, an4 stepwise hydrolysis of  the a,~-unsaturated azomethme complex to the 

Biochim, Biophys. Aaa, ()7 0963) 34a-563 
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[(,  irnLtla~ol¢ ; l>! ~. p v r i d o x g l -  5 - p h o s p h o r i c  cht~r .  

P P - f o r m  o f  h i s tamina .~L NHq and  i m i d a z o l c  ac t : ta ldehyde ,  the  lat ter  f o r m e d  via  the  
i m i d a z o l e - a , ~ - d e h y d r o a m i n e .  

O n l y  fur ther  s t u d i c ~  w i l l  h e l p  t o  dec ide  w h i c h  o f  the  t w o  reac t ion  mechani .~ms,  
descr ibed ,  is  indeex! o p e r a t i n g  dur ing  the  a c t i o n  o f  hi.~tamina~se on  h i s t a m i n e .  

S o m e  a d d i t i o n a l  e v i d ¢ n c e ,  tha t  b o t h  F A D  and P P  are t h e  p r o s t h e t i c  grol lpg o f  
histamina~se ,  w a s  o b t a i n e d  in m a n y  di f ferent  a s s a y s  l ead ing  to  a s u c c e s s f u l  revers ib le  
par t i a l  r e s o l u t i o n  o f  histamin~L~e, f o l l o w e d  by  ru:act ivat i ,n  o f  the  e n z y m e  on  a d d i t i o n  
o f  F A D  or  PP.  Par t ia l  r e s o l u t i o n  o f  h i s t a m i n a s e  w a s  a c h i e v e d  e i ther  b;" p r o l o n g e d  
dialysis, or by  acidification of  pure histaminase so lut i ,ns  to pH 5.a in the pr~:ence 
of  (NH,)~SO 4 (0.6 saturation). Optimal reactivation results were oL .lined on in- 
cubation of  relevant enzyme .~olutions with added o.o29/~moIe of  FA [) or o. I66/~mole 
o f  PP. 

Effect of prolonged dialbsis on the ~,";vity of pure histaminase a.:d effects ,,f .dded 
F A D  oP" P P  ov of  a mixture of F A D  and P P  on the activity of the dialysed enzyme 

It can be seen from Table IV. which is r~presentative of  results obtained in 
such dialysis experiments,  that ,_q prolonged alia' "sis (zz h) z5.8% of the original 
hL~taminase activity were lc~t, t,r(~bably due to the partial removal o f  one or both 
of  the prosthetic groups. Furthermore, this table shows that on incubation of  the 
dialysed enzyme with the added, optimal amount of  F A D  there was not only a 
complete recovery o~ the enzyme activity,  lost on dialysis, but there was even a gain 
in activity,  whereas after incubation of the dialysed enzyme with  the optimal amount 
of  added P P  the enzyme activity,  lost on dialysis, was to a large extent,  br ,  nat 
completely  regained. Finally, it is .,u:en that nn incubation of  the dia!y.,~i enzyme 
with an added mixture of  optim-,d amounts  of  both FAD and PP  only about 5o% 
of  histarninase activity,  removed by diaiyrds, were restored. These results may 
indicate that F A D  and PP are involved in the same reaction mechanism. 

Bioc.him, Bi:q~hys. Am, 67 (1963) 542-565 
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T A B L E  IV 

E T F E C T  OF PROLONG~,)I)  L I I A I . Y $ I S  ON THL. A C T I V I T V  O F  II[.~TAM1N&$1":, A N D  £F1"1[~C1'$ 
O F  A D D E D  ~- 'AI ) .  OR P P .  OR OF A MIXTLIRI~ O F  B O T H  C O M P O I I N D g  ON T H E  D I A L Y S E D  E N Z W M E  

Inl o f  a higtamiua-~e so lu t i on  (specific a c t i v i t y  iooo) in 0.02 M p h o s p h a t e  buffer ( p l |  6.8) 
d ia lyzed a g a i n s t  z I of  0.02 M p h o s p h a t e  buffer {pH 6.8) fo r  z z  h a t  4 ° w i t h  one  chaDge o f  buffer• 
P r c i n e u b a t i o n  o f  o .2-ml  a l i q u o t s  o f  d i a ly sed  e n z y m e  v ' t th  o.~ mi F A D  {o.o29 amole )  o r  o . t  ml 
P P  {o. x 6o [ t t l ~ l | c }  or" ~,-ith a m i x t u r e  o f  o . t  ml  F XD .-p o. ~ ml l'~P in  a n  endvotur ,~c 3f  t ml o f 3 o  ra in  

;it 37 ̂ . The  h i s t a m i n a s e  a c t i v i t y  ia ta%cn t i e . e r m i n e d  as  descr ibed  in t h e  m e t h o d i c a l  p a r t .  

E f f ec t  o f  p r o l o n g e d  <li:~ly~s 
,>n h i s t a m i n a ~ e  

[~ inc~i ,~a! ion  o f  dialyo~,d 
.... : y m c  w i t h  a d d e d  

F A D  
P P  

Mix tu r e  o f  F A D  a n d  P P  

P e r c c n t a g e  o f  d e c r e a s e  in 
c tazyme a c t i v i t y  

x5,8  
P e r c e n t a g e  o f  i nc reasc  in 

e n z y m e  a c t i v i t y  
26.0 
l I ,  7 

8,o 

Partial re~,ersibIe resolution of pure hi.~taminase by acidification to pH 5.~ in the 
presence of (NI l . )  zSO 4 (0£ .~aturation) 

T o  3o m[ of a histaminase ~olut ion (specific. a c t i v ; t y  x+4o) in o .o2  M phosphate 
buffer (pH 6.8) copied in an ice bath, o.x N, ice-cold, acetic acid was dropwise added 
with mechanical ~tirring until pH 5.2 was reached. While mechanical  stirring con- 
tinued, solid ammonium sulphate waq added to achieve o.6 saturation. The turbid 
sohxtion v-as left over night in the refrigerator at 4 % The precipitate, formed, was  
~ p a r a t e d  by centrifugation in a refrigerated centrifuge, and was dissolved in about 
to lnl of  o.oz M phosphate buffer (pH 6.8). The insoluble residue, probably con- 
sisting of  denatured protein, was eliminated by cevtrifugation. The clear supematant  
was made up to  3 ° ml with o.oz M phosphate buffer (pH 6,8) and in o.~-ml aliquots 
the specific activity of histaminase was estimated, o.2-ml aliquots o f  the clear 
supernatant were ti:~n preincuhated with either o.x ml o f  F A D  (o.cra9pmole) or 
t,.z ml of  PP (o . I669mole)  or with a mixture of  o.x ml F A D  and o.x ml P P  in an 
endvolume of ~ ml for 3o rain at 37 ~. The histaminase act ivity  was then est imated,  as 
usual. 

T A B L E  V 

.~FF~-CT u F  A C I D I F I C A T I O N  TO p ] ' [  ~ . 2  ON T H E  A C T I V I T Y  O F  ] n s T A M U K A ~ E  A N D  E F F E C T S  O T  
AT,~F.L~ , . .~ t '~ .  ~'~R ] ; P ,  OR O17 X MIXTURIX O F  F A D  A N D  P l  ~ ON T I I E  A C T I V I T Y  

O F  THe,  P A R T I A L L Y  R E ~ O L V E U  B H 2 V M E  

Par ' t icutaxs  o f  t h e  e × p e n m e n l ~  a re  g iven  in  t he  t e x t .  

Ac id i f i ca t ion  o f  h i s t ~ m i n a . ~  
to  p H  5.2 in  t h e  pr~-~.nce 
of  ( N r I , I t S O ,  (0.6 l~t turat ion)  
P r c i n c u b a t i o n  o f  the  
p a ~ l a l l y  r e so lved  e n z y m e  
w i t h  a d d e d  

F A D  
P P  

M i x t u r e  o f  F A D  a n d  P P  

P e r c e n t a g e  o f  decre&se in  
e n z y m e  a c t i v i t y  

3z-7 
P e r c e n t a g e  o f  i nc rease  in  

e n z y m e  a c t i v i t y  

2 I . !  

z7-9 
t4 ,6  
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Table  V show.~ the  re~;ults obtained,  frorta which one can scc that  on acidification 
to p H  5.2 in the presence of  ammonium sulphate  about  300/0 of  eazyttae, ac t i , , i ty  
were lost. Unlike in exper iments  with prolonged dialysis, however ,  incubat ion  with 
added  FAD did not  restore complete ly  the original ac t iv i ty ,  66°~ of the Io.~t enzyme 
ac t iv i ty  having bean :rely regained. "l'tii:~ scorns to in,'licate that .  whereas on diaiysis 
the enzyme  m a y  have  been reversibly split, on ;,cidific~:tion to pH 5.2 a small pro- 
por t ion of  his taminase might  have been denatured .  On incubat ion  of  the part ial ly 
resolved e nz yme  with added PP,  even less of the lo;t  ac t iv i ty  was restored. Finally.  
when a mix tu re  o f  bo th  FAD and  PP  wa.~ incubated  u ith the enzyme  af ter  acidifica- 
tion, bare ly  half  of  the  lost ac t iv i ty  w.ms regained, which is in agreement  with similar 
observat ions ,  made  in the  dialysis exper iments ,  ment ioned  above,  and adds weight 
to the hypothes is  t ha t  FAD and PP  may  compete  f,,r the same act ive site of the 
enzyme.  

An impor t a n t  fea ture  of the PP  catalysis  of  the hi~taminase -histamine reaction. 
no t  to  be disregarded,  became appa ren t  during the s tudy  o f  the  effects of added PP  
on h is taminase  preparat ions ,  which had btmn subjected  to prohmged dialysis. When 
a t t e m p t i n g  to  de te rmine  the opt imal  amounts  of  FAD and of  PP,  to be added to the 
dia lysed enzyme,  m order  to achieve best react ivat ion of the  enzyme,  it was found 
tha t ,  unlike FAD, P P  showed a ve ry  dist inct  concent ra t ion  op t imum which, if grea t ly  
overs tepped ,  cotfld cause even an inhibit ion of  his taminase action on histamine.  At 
this  point  it should be also recalled tha t ,  a_s ment ioned  above,  a very  sharp  sub.~trate 
o p t i m u m  was essential  in order  to achieve best his taminase act ion on histamine,  
since in the  presence of  superopt imal  concentra t ions ,  his tamine s t rongly  inhibi ted 
its own enzy~nic degradat ion.  Thus.  it appears  tha t  both  the  specific subs t ra te  of  
Mstaminase,  his tamine,  and one o f  its prosthet ic  groups,  PP,  may,  under  not fully 
control led  exper imen ta l  condit ions,  act  a~-, inhibi tors  of  the  react ion mechanism in 
which t h e y  are fundamen ta l ly  involved. 

This  in te rac t ion  be tween histamina~se and its subs t ra te  as well as one of  its 
p ros the t ic  groups  m a y  well find its explanat ion ,  when one considers, t ha t  h is tamine 
belongs to  the  ve ry  small group of  compounds  which are capable  o f  react ing irrever- 
sibly wi th  P P  with the  format ion  of  stable,  non di.~sociable cyclic condensat ion 
p roduc t s  s~. Owing to  this react ion mechanism,  exce.,a~ive amoun t s  of  h is tamine may  
cause a s t rong histamina.~e inhibi t ion by  removing  the PP,  thus  rendering it unavail-  
able to  the  apoenzyrne.  Conversely,  superopt imal  amoun t s  o f  P P  m a y  condense 
wi th  his tamine,  and hence m a y  depr ive  the cnz.vme, at  least par t ly ,  of its ~ub.~trate. 
These  considerat ions  seem to supFort  the view tha t  opt imal  exper imenta l  cnnditiong 
should be first establ ished l~efore t ry ing  to asse~s the react ion mechanism in  vi tro o f  

histaminase.  
JAKOBY AND BONNER c3, when working with the P l ' -dependen t  enzyme  kynure -  

ninase found  t ha t  this  enzyme  was also inhibi ted  by  its prosthet ic  group as well as 
by  its subs t ra te ,  kynuren ine .  

The  f inding tha t  P P  m a y  inhibi t  histamJnase .~ern.s to raise the  interest ing 
quest ion as to the biological significance of  the presence o f  P P  in the histamina.se 
molecule. I t  m a y  be tha t  the  impor tance  of  PP  as a prosthet ic  group o f  histamina.se 
lies jus t  in its inh ib i to ry  propert ies ,  thus  enabling it to regulate  the action of  hista- 
minase on its specific sabs t ra te ,  histamine.  I t  m a y  be of interest  to  recall here results, 
q u o t e d  above  in Table  IV, showing tha t  on incubat ion  of  dialvsed histamina~e wi th  

Htochim. Blophys. Acta. 67 {z963) 542-'565 
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an, added, small amount  of  FAD rnore ac t iv i ty  wag recovered than  had been lost on 
dialys~s. This gain in histaminas~ ac t iv i ty  m a y  be possibly explained by  the lack of 
in teract ion on the par t  o f  PP,  which might  have  been par t ia l ly  removed  by  dialys;.s. 
PP  may,  t h u s ,  cop s t i tu te  one o f  the  regu la to ry  factors  in the biological his tamine 
format ion and destruct ion.  
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