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U R I C A S E  A N D  B R I T I S H  A N T I - L E W I S I T E  

IS U R I C A S E  A Z I N C - P R O T E I D ?  

by 
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The nature of the enzyme uricase has been investigated by  a number of authors. 
The studies of PRZYLECKI AND TRUSZKOWSKI 1, FOSSE et al.,  ~ and KEILIN AND HARTREE 8 

on the inhibitory effect of cyanide on the action of this enzyme led to the belief that  
uricase is a metalloproteid, either a copper-proteidl, 4 or an iron-proteid 5. Later  in- 
vestigators 6,~, however, have suggested the presence of zinc as an integral part  of the 
enzyme. 

WEBB AND VAN HEYNINGEN 8 showed that  2 : 3-dimercaptopropanol (British Anti- 
Lewisite, BAL), produces inhibition of some enzyme systems and suggested that  the 
inhibition might be due to combination of the dithiol with the metal  of the prosthetic 
group. The findings of these authors have been confirmed by  BARRON et al 9. 

The question as to whether uricase is a metalloproteid or not, can hardly be expected 
to be definitely decided, until it has been possible to crystallize the enzyme or at least 
to get information as to the degree of puri ty of the preparations and of the size of the 
enzyme molecule. Nevertheless we have found it of interest to s tudy the effect of BAL 
on highly fractionated uricase preparations. 

In a paper by  BARRON and co-workers 1° the following details, which are of peculiar 
interest to the present work, are found: 

In aqueous solutions BAL combines with a number  of heavy metals, forming complex com- 
pounds, which in the case of iron, copper and nickel are coloured and almost  or quite insoluble. With  
zinc, cadmium and mercury  the dithiol forms white precipitates, and the magnes ium compounds 
are colourless and soluble. 

BAL is non-autoxidizable, but  oxidation into the insoluble disulphide complex is taking place 
in the presence of air, the reaction being catalysed by copper, bu t  not  by manganese,  cobalt or nickel. 
With  iron the oxidation is considerably slower t han  with copper, and magnes ium decreases the 
velocity of the oxidation catalysed by copper. 

The present paper deals with the effect of BAL on the action of uricase. Conditions 
under which BAL acts as an inhibitor of uricase are described, and the effect of zinc 
on this inhibition has been studied in detail. Finally it will be discussed whether the 
findings tend to support or to invalidate the assumption that  zinc is a constituent of 
the uricase system. 

Before entering into a description of the experimental results it was thought 
advisable to give an account of the technique and the methods used. 

METHODS 

The principles given by KALCKAR 11 of enzymatic determination of uric acid by  
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differential spectrophotometry in the BECKMAN instrument with ultraviolet attachment, 
form the basis of the method elaborated for the present kinetic uricase studies. Strictly 
speaking, the BECKMAN spectrophotometer is not particularly suited to serve such 
purpose, since neither the temperature nor the oxygen tension can be regulated in the 
reaction mixtures, which are kept in open quartz cells. Even with these restrictions, 
however, the method offers much advantage beyond manometric determinations in 
WARBURG-BARCROFT apparatus. Nevertheless a few investigations of this kind were 
performed in order to make possible a comparison between the activity of the uricase 
here employed and the activities obtained by other investigators. 

Optical methods 
In all experiments the quartz cells contained samples of 3 ml volume and had a 

light path of I cm. The slit-width never exceeded 0.3 mm. 
In the case of simple spectrophotometry, i.e., when the spectrum of a compound 

is determined, the contents of the measuring cell differ from those of the reference cell 
only by the presence in the former of the compound whose spectrum is to be obtained. 
The extinction difference between the two cells is read directly on the transmission 
scale of the instrument, and is a measure of the concentration of the investigated 
compound.* 

The enzymatic differential spectrophotometry is the determination of the extinction 
change taking place in the reaction mixture of a quartz cell as a result of the enzymatic 
conversion of one compound into another having a distinctly different absorption 
spectrum. Since the difference measured is not dependent on different contents of two 
cells, as is the case by simple spectrophotometry, but is an extinction change taking 
place in the same cell, the contents of the reference cell may be chosen arbitrarily. 

Reagents 
Uricase. The  fine wh i t e  prec ip i ta te ,  a b o u t  3 rag, wh ich  accord ing  to t he  d i rec t ions  of HOLMSERG 7 

is ob ta ined  f rom ioo g of a c e t o n e - t r e a t e d  l iver  powder ,  is su spended  in  2 ml  of  M]I 5 g lycine  buffer,  
PH 9.4. 

Glycine buffer. 2/a M, PH 9.4. 25 g of c rys ta l l ine  g lycine  is d issolved in a b o u t  2oo ml  of boiled 
qua r t z -d i s t i l l ed  wa t e i  ; I iO ml  of N N a O H  and  3 ml  pu re  ch loroform are  added,  and  t he  vo lume,  wi th  
s t i r r ing ,  is m a d e  up  to 5oo ml  wi th  quar tz-d is t i l led ,  COl-free water .  

Stock solution of uric acid. A solu t ion  of l i t h i u m  u r a t e  is p r epa red  accord ing  to t he  d i rec t ions  
of FOLIN 12. The  s t ab i l i t y  of th i s  solut ion,  however ,  c anno t  be ensu red  by  t he  use  of f o r m a l d e h y d e  
wh ich  even  in t he  presence  of a large excess of  glycine p roduces  a considerable  inh ib i t ion  of uricase.  
There fo re  t he  u r a t e  so lu t ion  was p rese rved  by  s a t u r a t i o n  wi th  ch loroform which  a t  the  concen t r a t ions  
of buffer  and  ur ic  acid used  in the  s p e c t r o p h o t o m e t r i c  e x p e r i m e n t s  ha s  no m e a s u r a b l e  effect on t he  
e n z y m e  ac t iv i ty .  I n  t he  m a n o m e t r i c  e x p e r i m e n t s  on ly  non-chloroformed,  f resh ly  p repa red  solu t ions  
were employed .  

Diluted solutions of uric acid. 5 ° /zl of t he  s tock  so lu t ion  a re  d i lu ted  to IO ml  in a vo lume t r i c  
f lask wi th  M/I5  g lycine  buffer.  T he  concen t r a t i on  of ur ic  acid in such  d i lu t ions  is 5 Pg per  ml. 

Solution of B A L .  5o0 pl  BAL** is s h a k e n  wi th  3 ml  of  f resh ly  boiled quar tz -d i s t i l l ed  wa te r  in a 
t i g h t l y  s toppered  tube .  An  uns t ab l e  emul s ion  is fo rmed;  the  wate r ,  wh ich  is s a t u r a t e d  w i th  t he  
c o m p o u n d ,  con t a in s  6.2 % B A L  la. T he  non-disso lved  p a r t  v e r y  soon se t t l es  as a coheren t  clear drop.  
Samples  of  a few pl  a re  p ipe t t ed  off j u s t  above  t he  in ter face  be tween  the  non-dissolved B A L  a n d  t he  
solut ion.  

* The  ex t inc t ion ,  Ea, of  a n  a r b i t r a r i l y  chosen concen t r a t i on  of a subs t ance  is log10 I~/Ia, where  
I ° and  I a re  t he  in tens i t i e s  of l igh t  before and  a f te r  abso rp t ion  by  t he  inves t iga t ed  subs t ance .  ~ is 
t he  wave - l eng th  of t he  l ight .  

The  c o n c e n t r a t i o n  C of t he  c o m p o u n d  is p ropor t iona l  to E accord ing  to BEER'S law. W h e n  
a l igh t  p a t h  of I c m  is used  ~ a  = Ka-C.  Ka, t he  specific ex t inc t ion ,  is accord ing ly  defined as t h e  
ex t inc t i on  w h e n  t he  concen t r a t i on  is one. I n  th i s  paper  t he  u n i t  of  concen t r a t i on  is I pg  per  ml .  

** K ind ly  fu rn i shed  by  Prof .  R.  H.  S. THOMPSON and  Dr  L. A. STOCKEN, De]). of Biochemistry, 
U n i v e r s i t y  Museum,  Oxford.  

References p. 6oi. 



592 E. PRzETORIUS VOL.  2 (1948) 

Determination o/ uric acid 
The following experiment is cited in order to illustrate the agreement between the 

extinction value obtained by  simple spec t rophotometry  and the extinction change 

200 / 
1oo  \o /  
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Fig. I. The absorption spectrum of uric acid 
at PH 9.4. Abscissae: wave-length in m/z. 
Ordinates: extinction, loglo Ii/Ii. Uric acid 
concentration 4.93 /zg per ml. Light path 

I c m .  
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produced by  the enzymat ic  conversion of the 
uric acid. In  this experiment was used the  
same concentrat ion of uric acid 4.93 Atg per 
nil, as in those described later. 

Absorption spectrum o~ uric acid (simple 
spectrophotometry) .  With  M/I5 glycine buf- 
fer as a reference the extinction of the uric 
acid dissolved in the same buffer is measured 
by  light of various wave-lengths in the ultra- 
violet region. Fig. I shows the resulting spec- 
t rum. Abscissae: wave-length in mat. Ordina- 
tes: the directly read extinction, E~, (lOg m 
I~/L). 

The wave-length of max imum absorpt ion 
is 293 mat. From the value of E2s 3 ~,r~, which 
is 0.37 ° , and from the known concentrat ion of 
uric acid, 4.93 atg per ml, the value of K~93 ,ha 
is calculated to be o.o75. 

The enzymatic uric acid determination (differential spectrophotometry) .  Uricase sus- 
pension (9 #1) is added at zero time to the buffered uric acid solution, the spectrum of 
which is seen in Fig. I. E29 am, is read several times, in the beginning at short intervals;  
the exact  time of each reading is writ ten down. 

Fig. 2 shows the variat ion of the extinction at 293 m~ after addition of the enzyme. 

Abscissae: reaction t ime inminu te s .  ~oo\___Zft~6~ ~Tt-~°°~ i l  
Ordinates:  E29am~. In  the upper  corner ~ 
to the r ight the ini t ialpart  of the curve ~ \ %~ 
i sd rawnoncoord ina te s s imi l a r to those  ~200 % t ~"~.~'N~.~ % 300 a ~- 0 05 i m,'n 
of the main curve, the only exception ¢ 
being the unit  of abscissae, which has 
been made considerably longer to en- 
sure accuracy  of the extrapolat ion to 
zero time. 

The difference between the value 
of extrapolation,  o.4ol,  and the final 
value, o.o31, is 0.370. This difference, 
which is designated-AE293 mr, was per- 
sistently found to be the same value 
of extinction as tha t  observed by  sim- 
ple spect rophotometry .  

.200 \ 
o \ 

.~oo \ ~ ,  
, , . . . . . . . . . . . .  F, np voue(aO31) 

0 5 10 55 20 25 
Reaction period in rain 

Fig. 2. The extinction change produced by uricase 
added at zero time to a solution of uric acid containing 
4-93 /*g per ml. PH 9.4. Tp. 23 °. ~Vave-length 293 m/~. 
Abscissae: reaction period in minutes. Ordinates: ex- 
tinction at 293 m/2. Before addition of uricase E293 m~* 
is o.370. In the upper corner to the right: the initial 

part of the curve (the unit of abscissae is longer). 

This agreement is a confirmation of the s ta tement  of KALCKAR n,  tha t  the ab- 
sorption of uric acid at about  29 ° mE, completely disappears, when this compound 
is enzymatical ly  oxidized. The absorption which persists when the enzymat ic  re- 
action has completed, corresponds exactly to the increase of Ez,3m ~, ( +  AE293m/,), 
produced by  the addit ion of uricase to the buffered uric acid solution, i.e., the v a l u e  
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of extrapolation minus the extinction of the uric acid equals the final value of Ez93m ,.  

Parallel  to the readings of E,93 my, E340 m~* was read a number  of times. The value of this was 
invariable (o.o17), throughout  the observation period, - -  an  increased safeguard as regards uniform 
registrat ion and against  i r re levant  ext inct ion changes. 

Activity determinations on uricase suspensions 

The velocity of the fall of the extinction which is caused by  the addition of a certain 
amount  of uricase to the mentioned glycine buffered uric acid solution, furnishes a 
measure of the uricase activity. The period, tlI,, in which half of the decrease is reached, 
may  be read on coordinates or determined by interpolation. The initial velocity, Vi, 
of the extinction decrease is then defined and calculated by  the equation: V i = 
-zJEsmms : 2 tl/,. 

A s u s p e n s i o n  of u r i e a s e  is s a i d  to  h a v e  t h e  standard activity of u n i t y ,  w h e n  Vi is 

o . I 0 0  p e r  m i n u t e  u n d e r  fo l lowing  c o n d i t i o n s :  i o / ~ 1  of t h e  e n z y m e  s u s p e n s i o n  is a d d e d  

t o  3 m l  of a m i x t u r e  of u r i c  a c i d  a n d  g l y c i n e  b u f f e r  of PH 9.4 a t  22 °. T h e  c o n c e n t r a t i o n  

of u r i c  a c id  s h o u l d  b e  5 / ~ g  p e r  m l  a n d  t h e  o x y g e n  t e n s i o n  a t  e q u i l i b r i u m  w i t h  air*.  

Upon standing, most of the solid uricase, which is suspended in glycine buffer, will settle in 24 
hours. Subsequently the supernatant  shows only slight activity.  If  the sediment is st irred up, the 
s tandard  act ivi ty will rise ; during ~-s/4 hour after  the st irr ing the increase will amount  to 25-50 % 
of the act ivi ty immediately after the resuspension of the sediment.  The maximum act ivi ty will keep 
for one, often for two hours,  whereupon the sedimentat ion causes a slow act ivi ty decrease. I t  is 
necessary, therefore, by kinetic experiments to make sure t h a t  the s tandard act ivi ty of the uricase 
suspension used is persistently the same throughout  the "experimental period. 

Determination of dry- matter of uricase 
500 t,1 uricase suspension is centrifuged a t  high speed for 5 rain. The sediment is washed twice 

a t  2 ° with quartz  distilled water, dried over calcium chloride and weighed in the tared centrifuge tube. 

EXPERIMENTAL RESULTS 

The absorption spectrum of BAL 
7 #1 of sa turated aqueous solution of BAL were added to each of three quartz  ceils, which 

contained 3 ml, respectively, of freshly boiled water, oxygen-saturated water, and glycine buffer 
(PH 9-4)- A series of ext inct ion readings were made at  various wave-lengths on the contents  of the 
three  cells, both  immediately and following the addit ion of BAL. In  the reference cell was water. 
All of the measuring cells contained 145 /~g BAL per ml (1.2 /zNI per ml). 

Fig. 3 represents the spectrum of BAL in freshly boiled water ( ° ° ), in oxygen- 
saturated water after standing for one hour (o o), and the spectrum of the glycine 
buffer (x x). The immediate determination in oxygen-saturated water showed almost 
the same curve as in boiled water;  to avoid confusion this result is not included in the 
figure. After standing for one hour in freshly boiled water BAL had a spectrum, the 
line of which should be drawn between the graphs . . . . . .  ° and o o. 

A number of spectra taken at various times after addition of BAL to water showed 
that  a spectral change is taking place rather slowly, the velocity being dependent on the 
oxygen tension. Even in oxygen-saturated water the change was far from being com- 
pleted i n  one  h o u r .  

Q u i t e  d i f f e r e n t  a r e  t h e  c h a n g e s ,  w h i c h  occur ,  w h e n  B A L  is a d d e d  to  t h e  g l y c i n e  

* The uni t  of s tandard act ivi ty  and the mentioned s tandard  conditions are chosen solely for 
practical  reasons and for present  purposes only. In a later  communication 1* i t  will be demonstrated 
t h a t  the  curve on Fig. 2 is not a t rue  expression of uric acid disappearance. A t ransi tory accumulation 
of an  unknown intermediate  oxidation product with a ra ther  high absorption at  293 m/* offers 
interference. (Compare KLEMPERER15). 
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buffer of PH 9.4. The buffer itself (x x) and BAL in water ( . - - - - . )  produce only 
slight absorption at wave-lengths higher than 260 m/~. When BAL is added to the buffer 

E~ 

ZOO0 

~50C 

~000 

05OO 

250 2~0 2JO 240 250 260 270 280 290 
x. W~ve -lepgthjr~u 

Fig. 3. The  s p e c t r u m  of a so lu t ion  of B A L  (145 /zg per 
ml) in f reshly  boiled wa te r  • ° ,  in o x y g e n - s a t u r a t e d  
wa te r  a f t e r  s t a n d i n g  for one hou r  o o, and  the  spec- 
t r u m  of glycine buffer  (PH 9.4) x x. The  s p e c t r u m  of 
t3AL in oxygen-poor  glycine buffer  d e t e r m i n e d  i m m e -  
d ia te ly  a f te r  the  add i t ion  of B A L  to the  buffer  • • ,  
t he  s p e c t r u m  of tile s ame  m i x t u r e  5 m i n u t e s  la te r  
+ +,  and  20 m i n u t e s  la te r  • 0 .  Abscissa:O 

wave- l eng th  in m/z. Ord ina tes  : ex t inc t ion .  

solution, however, a considerable 
extinction increase will suddenly 
occur at all wave-lengths in the 
ultraviolet ( •  •) .  

In addition to this abrupt  
change, which is most pronounced 
in the short-waved region, further 
changes are taking place when 
BAL, in the presence of air, is kept 
in the alkaline buffer. The spectra 
+ + and 0 0 ,  which are 
taken respectively 5 and 2o minu- 
tes later than • - - - - • ,  indicate that  
the extinction at 27o m# and higher 
wave-lengths is increasing, while 
the extinction at 26o m# and under 
is decreasing. 

The abrupt  spectral change, 
which occurs when the reaction is 

made alkaline, may  be produced by sodium hydroxide instead of buffer. If  an equivalent 
amount of hydrochloric acid is added promptly, the spectrum will suddenly return to 
the shape before the addition of alkali to the neutral BAL solution, (the curve • .). 
The instantaneous spectral change is reversible, therefore, and must be due to a change 
of PH. 

The gradual change of the BAL spectrum, however, must be the result of the un- 
avoidable oxidation of BAL, since the velocity of the change is dependent on the oxygen 
tension and increases with increasing PH. Furthermore, BARRON et al. 1°, demonstrated 
that  the oxidation of BAL is accelerated by  copper ions and retarded by cyanide. This 
is also true for the gradual change of the BAL spectrum. 

The wave-lengths 26o m# and 293 m/x are the wave-lengths at which the uric 
acid spectrum has a minimum and a maximum, respectively. In the following section 
it will be shown how the extinction of these wave-lengths is gradually changed as the 
oxidation of BAL proceeds in an alkaline buffer. 

The oxidation o[ B A L  at Pn 9.4 

In Fig. 4 it is shown E260m v decreases when BAL is kept in oxygen-poor (° .) 
and oxygen-rich (o - - - -o )  glycine buffer, respectively. Abscissae: standing time of the 
BAL solution in minutes. Ordinates: E260m w As before 7 /A of saturated aqueous 
solution of BAL were added to 3 ml of the buffer (PH 9.4), at zero time. 

Fig. 5 shows the increase of the E2~3m, after addition of 7/A of the saturated solution 
of BAL to oxygen-poor (. .), oxygen-rich (o o), and oxygen-containing glycine 
buffer ( + - - - - + ) ,  respectively. In the last case the oxygen is at equilibrium with air. 
Abscissae: standing time of the BAL solution in minutes. BAL is added to the buffer 
at zero time. 

Even in the original oxygen-saturated buffer the spectral change owing to the 
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ox ida t ion  of B A L  is incomplete .  I n  the  oxygen-poor  buffer the  ox ida t ion  t akes  severa l  
hours.  F r o m  a compar ison  wi th  the  expe r imen t s  i l lus t ra ted  in Fig.  3, i t  m a y b e  concluded,  

moreover ,  t h a t  the  ve loc i ty  of the  
ox ida t ion  in a neu t ra l  solut ion is ~1.400 
only  a smal l  f rac t ion  of t h a t  in an ~ 
a lkal ine  medium.  These resul ts  are ¢.2oo 
ut i l ized  in expe r imen t s  descr ibed 
la te r  ("Dialysis o/uricase against ~oo 
BAL").  

F r o m  Fig.  4 appea r s  t h a t  oz0o 
-AE,so~  u b y  comple te  ox ida t ion  is 
0.800-0.900 when ~he concentra-  ozo0 
t ion of B A L  is 1.2 /~M per  ml. In  
Fig.  5 is a p p a r e n t  t h a t  the  corres- o.400 
pond ing  va lue  of +AE2m~,  is 
o.11o-o.130 . 

Inhibition o/the enzymatic 
reaction by BAL 

Each  of six cells wi th  3 ml of 

_ _  . . . . .  

;o ~o .io go 5'o go ~o m,,, 
Reaction period 

Fig. 4. Change in E=s0m/~ during standing of BAL in gly- 
cine buffer of PH 9.4. The concentration of BAL is 145 
/2g per ml. • * originally oxygen-free, o o origi- 
nally oxygen-saturated buffer. BAL is added to the 
buffer at zero time. Abscissae : standing time of the BAL 

in buffer.~Ordinates : E=60 m m 

.150 

the  so-called standard mixture (compare "Activity determinations"), conta ins  uric  ac id  
a t  a concent ra t ion  of 5 F g  per  ml  in M/I5 glycine  buffer. PH is 9.4. I n  five of the  cells 
the  oxygen tens ion is a t  equi l ibr ium wi th  air. The  last  one is oxygenpoor .  (The reference 
cell conta ins  water) .  

A t  cer ta in  in te rva ls  7 / A  s a t u r a t e d  aqueous  solut ion of B A L  is a d d e d  to  the  first 
two cells, to the  t h i rd  7 F 1 of ¼ - s a t u r a t e d  and  to  the  four th  7 #1 1/]2-saturated B A L  
solut ion;  to  the  remain ing  two cells 7 F 1 wa te r  is added.  The B A L  concent ra t ions  of 
the  four cells are  accordingly  1.2, 1.2, 0.3 and  o. I  FM per  ml, respect ively .  The cell poor  in 

oxygen  is not  suppl ied  wi th  BAL.  
E x a c t l y  half  an hour  af ter  

o ' o ~ c  o -  

o / ' - - °  the  add i t i on  of B A L  (or water) ,  9 
.~oo 2 _ . ~ + - - - - - - -  F1 of uricase suspension is a d d e d  

f . ~ * - - ' - -  . _ _ _ ~ - ~ - -  to  each of five of the  cells. To one 
s~o . . . . -  of those conta in ing  1.2 FM B A L  

' f  per  ml, 9 #1 glycine buffer is ad-  
ded  ins tead  of the  enzyme suspen- 
sion. Ni t rogen is bubb l e d  th rough  
the  BAL-free,  oxygen-poor  cell for 
two minu tes  immed ia t e ly  before 
the  add i t ion  of ur icase;  (the cell 
chamber  is also s t rong ly  vent i la -  
t ed  wi th  n i t rogen dur ing  the  en- 
zyma t i c  react ion) .  

Af te r  add i t i on  of the  enzyme,  E2~mv is r ead  severa l  t imes  over  a per iod of 30 minutes ,  
a t  first a t  shor t  intervals .  Fig.  6 gives the  ex t inc t ion  change a t  293 m #  as a funct ion 
of the  reac t ion  t ime.  The curves  are d rawn from the same origin on the o rd ina te  (o.375), 
the  ex t inc t ion  value  which corresponds  to the  concent ra t ion  of uric acid  in the  cells. 

o ;o ~o 3o go 5'o 6'o ~o , go 
Reoction perioa in rain 

Fig. 5- E~g3mu as 'a function of standing time of ]3AL in 
glycine buffer of PH 9.4. The concentration of BAL is 145 
/zg per ml. • • originally oxygen-free, o o origi- 
nally oxygen-saturated, and + + oxygen containing 
buffer, originally at equilibrium with air. BAL is added 
to the buffer at zero time. Abscissae: standing time of 

BAL in buffer. Ordinates: E=9am/~. 
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In  Fig.  6 i t  is seen t ha t  an increase of the  concent ra t ion  of B A L  causes a decrease 
of the  s teepness  of the  curve,  the  slope of which is ma in ly  de t e rmined  b y  the ve loc i ty  
of uric acid  d isappearance .  In  the  case 
of the  BAL-free ,  n i t rogen-bubb led  cell, 
however ,  the  slope of the  curve is a lmost  
equal  to t h a t  of the  cell wi th  1.2/~M of 
BAL.  I t  iappears therefore  t h a t  add i t ion  
of 1.2 #M B A L  per  ml half  an hour  be- 
fore the  s t a r t  of the  enzymat ic  react ion,  
will p roduce  nea r ly  the  safne effect on 
the  slope as does n i t rogen in the  BAL-  
free s t a n d a r d  mix tu re ;  (compare the  
increase of E2~=,  corresponding to the  
cont inued  B A L  oxida t ion  in the  cell 
wi thout  uricase). 

So far there  is no reason to bel ieve 
t ha t  the  inhibi t ion  of ur icase caused b y  
B A L  in the  expe r imen t s  i l lus t ra ted  is 
a specific one. 

The effect o[ zinc on the inhibition 
produced by B A L  

3 .,oo 

200 

.200 

.I00 

BAL ~2lJhl No enzyme 

- ~  "~.. 

5 10 1~ 2b 25 
ReaCtion period in rain 

Fig. 6. The inhibitory effect of ]3AL added half an 
hour before zero time compared with the inhibitory 
effect of oxygen deficiency producea by bubbling 
with nitrogen 2 minutes before the addition of uri- 
case at zero time to a glycine buffered solution of 
uric acid, the concentration of which is 5/*g per ml. 
PH 9.4. Abscissae : reaction period in minutes. Ordi- 
nates : E,9~ra ~. The uppermost curve shows the slight 
extinction increase which occurred half an hour after 
the addition of ]3AL to a control system containing 

no uricase. 

~oo 

.300 

200 

4OO 

To five cells, which all  of t hem conta in  3 ml  of the  s t a n d a r d  mix tu re  of uric acid 
and  buffer, is a d d e d  B A L  15 minutes  before the  add i t ion  of uricase.  The  concent ra t ion  
of the  d i th io l  is 1.2 #M per  ml. Cell number  six, which only  conta ins  uric acid,  buffer 
and  enzyme,  represents  the  s t a n d a r d  sys tem (compare "Activity determinations"). 

E x a c t l y  2 n l inutes  af ter  the  s t a r t  of the  enzymat i c  react ion a smal l  vo lume (IO/zl) 
~t~etot of sa l t  solut ion is a d d e d  to three  of the  
o~o,r t3AL-conta ining cells: zinc sulphate ,  

magnes ium sulphate ,  and  b a r i u m  ace- 
ta te ,  respect ively .  Al l  of the  sa l t  solu- 
t ions are s t rong enough to make  the  

The stendord system (no BAL) 

;o " 1'~ ~o 2'5 ~i~ ReeCho period 
Fig. 7. The effect of bubbling with air ( ~  of a minute) 
and of the addition of metal ions (I.2 #iV[ per ml) 2 
minutes after the start  of the enzymatic reaction on 
which inhibition is produced by BAL (I.2 /zM per ml) 
which is added 15 minutes before zero time. PH 9.4. 

The lowest curve represents the standard system. 
effect of magnes ium is ve ry  small .  

A pr ior i  one might  be incl ined to expla in  th is  as an ind ica t ion  of the  impor-  
tance  of zinc to the  ac t i v i t y  of uricase. Since, however,  a much s t ronger  effect t han  
t h a t  of zinc is ob ta ined  b y  bubbl ing  wi th  air  (Fig. 7), i t  r emains  to be de mons t r a t e d  

concent ra t ion  of me ta l  ions 1.2/zM per 
ml  of the  mixture .  

The  remain ing  two cells wi th  B A L  
are otherwise t rea ted .  IO /A wate r  is 
a d d e d  to one 2 minu tes  a f te r  the  addi -  
t ion of uricase. At  the  same t ime the 
o ther  is bubb l e d  with air. 

In  Fig.  7 i t  is shown tha t  add i t ion  
of zinc cons iderab ly  reduces the  inhibi-  
t ion caused b y  the  presence of BAL.  
Bar ium has  no effect a t  all  and  the  
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if the effect of zinc might be ascribed to an interference on the oxidation of BAL. 
If the coefficient of oxygen absorption in the contents of the cells is not essentially 

different from that of the oxygen absorption in pure water, the original concentration 
of oxygen in the cells is about i/~M per ml. From the BAL oxidation curve (+ + 
Fig. 5), it is evident that  the oxygen concentration must be considerably reduced in the 
quarter of an hour after the addition of BAL to the buffered solution, when the concen- 
tration of BAL is 1.2 #M per ml of the mixture. 

The slope of the curve (Fig. 7) after the addition of zinc is steeper the earlier this 
procedure takes place after the addition of BAL to the standard mixture of uric acid and 
buffer. If zinc is added before BAL, or promptly thereafter, the curve will be identical 
with that  of the BAL-free standard system. 

The assumption that  the inhibition which is produced by BAL on the enzymatic 
conversion of uric acid, is simply due to the reduction of the oxygen concentration of 
the system, not only agrees with the data given by DAVlDSO~ e of the uricase activity 
at various oxygen tensions, but is furthermore supported by the following experiments. 

The e~ect of zinc on the oxidation of B A L  

Fig. 8 represents the changes of E ~ m ~  corresponding to the oxidation of BAL in 
the glycine buffer. The addition of barium is without any effect, magnesium produces 

a slight inhibition, (this is in agreement ~.,oot ~ /  aoor~n~M ] 
with BARRON et a/.l°), but zinc causes an ~ o50t :~--- 
instantaneous decrease of E 2 ~ m w  after ~ l  , zn 1 
which the extinction is quite constant. 5 10 ~5 2b m~n Reaction p~e~l 

I t  has been checked, that  the pre- Fig. 8. The  effect of m e t a l i o n s  on  t he  B A L  ox ida t ion  
s e n c e  of stock solution of uric acid (see curve .  B A L  is added  to glycine buffer  (PH 9.4) a t  zero 
"Reagents") h a s  n o  i n f l u e n c e  o n  t h e  t i me .  2 m i n u t e s  l a t e r  m e t a l  sa l t  a t  equ imo la r  con- 

c e n t r a t i o n  is added  (I .2/,~'VI per  ml) .  
shape of the curves. 

It  is evident ac~'ordingly, that  the reduction produced by zinc on the inhibition 
of uricase by BAL, is simply due to the fact that  a continued oxygen consumption 
for the oxidation of BAL is prevented by the presence of zinc. 

Incubation o! uricase with B A L  

In order to illustrate the method of examination of uricase after incubation with 
BAL, the following example is described in detail. 

18 /~1 suspens ion  o[ ur icase  in g lycine  buffer  is m i x e d  in a micro  vessel  (volume 30o/~1), wi th  
14 #1 of s a t u r a t e d  a q u e c u s  so lu t ion  of B A L  and  kep t  for two hou r s  a t  2 °. A sample  of 18/~1 of u r icase  
suspens ion  d i lu ted  by  14 /~1 of wa t e r  serves  as a control .  

At  t he  end  of t he  i ncuba t ion  per iod t he  con t en t s  of  each of t he  vessels  a re  s t i r r ed  a u t o m a t i c a l l y  
for 2o m i n u t e s  a t  r oom t e m p e r a t u r e ,  (22-24% by  m e a n s  of a CARLSBERG micro t i t r a t i o n  a r r a n g e m e n t  16, 
in which  t he  b u r e t t e  is replaced by  a fine tube,  f rom which  t he  micro  vessels  a re  ven t i l a t ed  wi th  
o x y g e n  to en su re  t h a t  p rac t ica l ly  all of  t he  B A L  is oxid ized;  (compare  the  curve  o o, Fig. 5). 

To each of two cells, wh ich  con ta in  3 ml  of t he  s t a n d a r d  m i x t u r e  of ur ic  acid and  t he  buffer  
(PH 9-4), is t h e n  added  16 #1 of t he  e n z y m e - B A L  m i x t u r e ,  and  16/~1 of t he  e n z y m e  di lut ion,  respec-  
t i ve ly ;  to a t h i rd  cell is added  9 /*1 of und i l u t ed  ur icase  suspens ion.  The  curves ,  which  r ep resen t  
E~tt3 mt~ as a func t ion  of t he  r eac t ion  t ime ,  a re  all of  the  s ame  shape  as t h a t  in Fig. 2, and  t he  -/IE~9 ~ m~ 
per  m inu t e ,  (the slope of t he  in i t ia l  p a r t  of t he  curve) ,  does no t  differ f r om the  m e a n  va lue  by  more  
t h e n  5 %. (See "Activity determinations"). 

The  s ame  resu l t  was seen in  a n u m b e r  of  s imi la r  e x p e r i m e n t s  wi th  shor te r  i ncuba t ion  periods,  
in  wh ich  t he  ox ida t i on  of 13AL was no t  comple ted .  

Accordingly, uricase is not affected by incubation with BAL in high concentra- 
tion (3%). 
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Dialysis of uricase against BAL 
To demonstrate the experimental conditions by dialysis of nricase the following is 

cited in detail. 
The s e d i m e n t  a f te r  cen t r i fuga t ion  of 3 mt  ur icase  suspens ion ,  which  is des igna ted  A, is washed  

twice wi th  q u a r t z  dist i l led wa te r  and  t h e n  i e s u s p e n d e d  in 12 ml  of water .  8 ml  of th i s  suspens ion  
are  d ia lysed  t h r o u g h  cel lophane for 2 4 hou r s  a t  2 ° aga ins t  2 l i ters  of a o .6% solu t ions  of 13AL, and  
the  r e m a i n i n g  p a r t  of the  suspens ion  (4 ml) aga ins t  2 l i te rs  of wa te r  (wi thout  13AL) for 4 8 hours .  
Vigorous shak ing  of t he  cel lophane bags  ensure  t h a t  the  suspended  par t ic les  will no t  set t le .  Upon  
cen t r i fug ing  the  ]3AL-dialysed ur icase  the  s e d i m e n t  is washed  twice and  aga in  r e suspended  in wat~ r 
(8 ml) and  finally d ia lysed  aga ins t  pu re  wa te r  for 24 hours .  

W h e n  the  period of d ia lys is  is over,  ha l f  of the  c o n t e n t s  of the  large  bag  and  all of those  of th~ 
smal l  one a re  cen t r i fuged  separa te ly ,  and  each of the  two depos i t s  is s u s p e n d e d  in I ml  glycine buffer.  

The  spec imen  d ia lysed  aga ins t  B A L  is des igna ted  ur icase  ]3, and  t h a t  exc lus ive ly  dialyst.d 
aga ins t  water ,  ur icase  C. 

(The non-cen t r i fuged  mo i e t y  of t he  con t en t s  of the  large  d ia lys ing  bag,  the  ur icase  of which 
has  been dia lysed aga ins t  BAL,  is used  for zinc d e t e r m i n a t i o n  in a q u a r t z  spec t rograph) .  

The results of dry-mat ter  determinations and determinations of standard activity 
on nricase A, B and C are entered in Table I. 

TA]3LE I 

E n z y m e  D r y - m a t t e r  S t a n d a r d  a c t i v i t y  S t a n d a r d  ac t iv i ty  
p repa ra t i on  m g ] m l  I o. (-z] E293 my)/rain per  m g / m l  

A 

13 

C 

6.04 

2.44 

2.54 

1.6o 

0.6o 

0.7o 

0.264 

0.246 

0.276 

E n z y m e  ac t iv i ty  and  concen t r a t i on  of d r y - m a t t e r  of ur icase  in t h r ee  s u s  )ensions, A, ]3 and  C (all of 
t h e m  f rom the  s ame  batch)  in glycine buffer.  T he  ur icase  in A ha s  no t  been  dia lysed,  t h a t  in 13 has  
been d ia lysed  aga ins t  B A L  for 24 h o u r s  and  t h e n  aga i n s t  wa te r  for 2 4 hours .  The  ur icase  in C has  
been d ia lysed  aga ins t  wa te r  for 4 8 hours .  

I t  appears from the table that  a considerable loss of dry-mat ter  occurs by the 
procedures (some uricase is dissolved in the washing water, some of it adheres to tht- 
wall of the centrifuge tube). On the other hand no significant change in activity per 
mg of dry mat ter  is seen. 

This and other experiments with only 2-  7 hours of dialysis indicate that  uricasc, 
does not lose in activity when dialysed against BAL. 

T h a t  considerable  a m o u n t s  of non-oxid ized  ]3AL pers i s t  a t  the  end  of the  d ia lys ing  period,  
was no t  on ly  to be expec ted  f r o m  t he  d a t a  (Fig. 3) of  t he  r a t e  of ox ida t i on  in f resh ly  boiled watt, r, 
(compare  "The  oxidation of BAL") b u t  was also shown  e x p e r i m e n t a l l y  by  e x a m i n a t i o n  of t he  dialysis  
m e d i u m  a t  the  end  of the  dialysis  period.  

7 ° #1 of the  dialysis  fluid (corresponding to 7/zl  s a t u r a t e d  a q u e o u s  so lu t ion  of BAL) was mixl-d 
w i th  3 ml  o x y g e n - s a t u r a t e d  glycine buffer  of PH 9-4 in a q u a r t z  cell a t  zero t ime  and  E~93m ~ was re~ld 
severa l  t imes .  An  increase  of Ei93m/~ g iv ing  a curve  s imi la r  to t h a t  of Fig. 5 (o o) was  t he  resu l t  ; 
in one h o u r  +L]E29am a was more  t h a n  0.050. A n o t h e r  sample  gave  a decrease  of E260rn v as does tilt. 
cu rve  o o in Fig. 4- I n  less t h a n  one hou r  -AE2,0m v was a b o u t  0.400. 

F r o m  these  va lues  of t he  ex t inc t i on  changes  i t  is e v i d e n t  t h a t  on ly  ha l f  of the  a m o u n t  of 13AL 
undergone  oxida t ion .  

Manometric activity determinations 
In addition to the activity determinations given in Table I the activity of uricase 

A and B was measured in a WARBURG-BARCROFT apparatus in order to compare these 
specimens with those of DAVIDSON 6 and HOLMBERG 7. 
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The reaction mixture consisted of 2.24 mg of uric acid in M/I 5 glycine buffer at 
PH 9"4, the total  volume being 3 ml. Uricase A amounted to 57/*g and uricase B to 
4 ° / , g .  The atmosphere was oxygen. Carbon dioxide was absorbed by  5 ° /A of lO% 
potassium hydroxide. 

The initial velocity of the oxygen uptake calculated from the first 6 minutes of 
reaction was, respectively, 97 and lO 7 [,1 02 per minute per mg, which corresponds to 
a Qo, of 6ooo,--in agreement with the results of the authors mentioned. 

Zinc analysis in quar!z spectrograph 

Part  of the uricase, which had been dialysed against BAL was washed with quartz 
distilled water in a centrifuge tube, which together with some pipettes and a stirrer had 
been previously b o i l d  in hydrochloric acid for one hour and subsequently 5 times in 
quartz distilled water. 

After spontaneous sedimentation of the washed enzyme, most of the slightly active 
supernatant  was drawn off and discarded. The main part  of the concentrated suspension 
was then transferred t6 a weighing vessel. 

Each of the following weighings was carried out on a micro balance after 3 days 
of drying in a desiccator (CaCI~ and vacuum) 

Vessel + uricase . . . 2516.63mg 
Vessel . . . . . . .  2 515.83 mg 

Uricase . . . . . . .  o.8o mg 

As much as possible of the dried uricase was transferred to the carbon electrode 
of a quartz spectrograph, (Zeiss Qu 24). After renewed drying the weight of the weighing 
vessel with the remainder of the enzyme was 2516.Ol g. To the electrode, therefore, 
0.62 mg had been transferred. 

A spark spectrum taken immediately showed no zinc lines*. With diluted zinc 
salt solutions, however, it was possible by  simultaneous exposures to point out distinctly 
amounts of zinc as small as 0.25 /*g. (The plates used were designated "Silbercorin, 

Perutz",  light sensitivy 12-- ° DIN") .  
IO 

o.50 /~g zinc gave 1:he following dist inct  lines: 2138.5, 3302.6 and 3345.0 Angstr6m. The first 
ment ioned is the s t rongest  one and was clearly observed even a t  0.25 /~g zinc. (4722.2 and 481o.5 
are also zinc lines of relatively high energy but  cannot be utilized in experiments  with carbon elec- 
trodes, which always contain iron). 

In 0.62 mg of uricase, the zinc content was accordingly less than 0.2 5/2g i.e., the 
content of zinc in this specimen was less than o.4°/0o . The activity, however, was just 
as high as that  of the most active preparations recorded by  DAVIDSON and HOLMBEI~G. 

I t  has been possible therefore--by dialysis against BAL- - to  prepare a uricase 
with a zinc content per unit of active enzyme, less than half of the value of the lowest 
one hitherto reported, (o.9°/00, DAVlDSONS). 

The author wishes to express his deep gratitude to H. M. KALCKAR, M.D., leader 
of the Enzyme Research Division of the University Insti tute of Medical Physiology 

* The spectrographic investigations were carried out  in The Central Laboratory of The Danish 
Cooperative Wholesale Society, Copenhagen. The author  is much indebted to the chief of the labora- 
tory, JORGEN BIELEFELDT, D.Sc. and to E. B. STILLING, 1V~.SC., who performed the determinations.  
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of Copenhagen, for numerous instructive discussions and suggestions throughout the 
work. 

In addition the author wishes to express his sincere thanks to his present chief, 
Professor E. LUNDSGAARD, for his kind interest in the investigations and to his former 
chief Dr H. HOLTER, the Cytochemical Department of the Carlsberg Laboratory, for 
valuable suggestions concerning the manuscript. 

This work has been supported through grants from the "Donner Foundation" and 
"Lederle Laboratories" to Dr KALCKAR, and through a grant from the "Kong Christian 
den Tiendes Fond" to the author. 

SUMMARY 

I. The activi ty of uricase is es t imated from the velocity of the spectral change, which is caused 
by the enzymatic  conversion of uric acid. 

2. A method for quant i ta t ive  determinat ion of BAL is outlined on the basis of the  spectral  
changes which occur when the compound is oxidized by air in an alkaline medium. 

3. Inhibit ion of the action of uricase may  occur in the presence of BAL, which, being oxidized 
itself, reduces the oxygen tension of the system. 

4. The act ivi ty  of uricase is unaffected by dialysis of the enzyme against  BAL, and is also 
unaffected by incubation of the enzyme with this  compound. 

5. BAL combines ins tantaneously with zinc ions with the formation of a stable compound. 
The oxidation of BAL ceases suddenly when equivalent  amounts  of zinc are added. 

6. By dialysis of uricase against  BAL a sample of the enzyme has been prepared,  the specific 
act ivi ty of which is as high as tha t  of the best preparat ions hi ther to  reported, a l though the zinc 
content  is less than  0.04 %. In a later exper iment  with larger amoun t  of uricase the zinc content  
was less than  0.008 %. 

7. The findings do not lend support  to the assumpt ion  tha t  uricase may be a zinc-proteid. 

R~SUM~ 

I. L'activit~ de l 'uricase est mesur6e par la vitesse ~ laquelle le spectre d 'absorption de l 'acide 
urique change, sous l'influence de l 'enzyme. 

2. One m6thode de d6termination quant i ta t ive  de BAL est d6crite. Elle est bas6e sur les chan- 
gements  du spectre, produits par l 'oxydation du produit  par l 'air, en milieu alcalin. 

3. Une inhibition de l 'action de l 'uricase peut  se produire en prSsence de BAL. BAL 6tant  lui 
m6me oxyd6, il r6duit la tension d'oxyg~ne du syst~me. 

4. L'activit6 de l 'uricase n 'es t  pus influenc6e par la dialyse contre BAL; elle n 'est  pas non plus in- 
fluenc~e par  incubation de l 'enzyme en pr6sence de BAL. 

5. BAL se combine ins tan tan6ment  avec des ions de zinc en formant  un  compos6 stable. L 'oxy- 
dation de BAL s'arr~te imm6dia tement  lorsque des quanti t6s 6quivalentes de zinc sont ajout6es. 

6. En  dialysant  de l 'uricase contre du BAL, une pr6paration d 'enzyme a 6t6 obtenue, dont 
l 'activit6 sp6cifique a t te in t  celle des meilleures pr6parations connues, bien que le t aux  de zinc soft 
inf6rieur ~ 0.04 %. Duns une exp6rience plus r6cente, conduite avec une plus grande quanti t6 d 'uri-  
case, le t aux  de zinc 6taft inf6rieur $ o.008 %. 

7. Les r~sultats ne suppor tent  pus l 'hypoth~se, que l 'uricase serait  une prot6ine de zinc. 

ZUSAMMENFASSUNG 

I. Die Uricaseaktivit~it wird bes t immt  aus der Geschwindigkeit der spektralen VerSnderung, 
die durch die enzymatische Umsetzung yon Harns~ure hervorgerufen wird. 

2. Eine Methode zur quant i ta t iven  Bes t immung yon BAL wird angegeben, die auf den spek- 
t ralen VerSnderungen beruht,  die bei der Oxydation dieser Verbindung durch Luft  in alkalischem 
Milieu auftreten.  

3. Eine Hem m u n g  der Uricasewirkung kann bei Anwesenheit  yon /3AL auftreten,  das die 
Sauerstoffspannung des Systems verringert,  indem es selbst oxydiert  wird. 

4. Die UricaseaktivitSt wird dureh Dialyse des Enzyms gegen BAL nieht beeinflusst, und eben- 
sowenig durch Inkubation des Enzyms mit  dieser Verbindung. 
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5. BAL verbindet sich momentan mit  Zinkionen unter Bildung einer stabilen Verbinduxxg. 
Die Oxydation yon BAL h6rt  sogleich auf, wenn aequivalente Zinkmenger~ zugefiigt werden. 

6. Dutch Dialyse yon Uricase gegen BAL wurde ein Enzympritparat bereitet, dessert spezifische 
Aktivit~t ebenso hoch ist wie die der besten bisherigen Pr/iparate, obwohl der Zinkgehalt geringer 
ist als 0.04%. In einem spAteren Experiment mit gr6sserer Uricasemenge betrug der Zinkgehalt 
weniger als o.o08 %. 

7. Die Befunde geben keine Stiitze ffir die Annahme, dass Uricase ein Zinkproteid sei. 
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