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by 
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Until recently, the break-down o5 uric acid by uriease in vitro was thought to result 
in a quantitative formation of allantoin 1, 3, s in agreement with the following equation: 

Uric acid + O3 + 2 H20 = allantoin + H202 + CO s (I) 

In 1945 KLEMPERER ¢ found, however, that the amount of carbon dioxide developed 
is, in general, considerably less than one mote per mole of uric acid. He produced some 
evidence that in addition to allantoin the end products in the enzymatic conversion of 
uric acid are hydroxyacetylen-diurein-carbonic acid (HDC), and uroxanic acid: 
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These products are well known from the non-enzymatic oxidation of uric acid in an alkaline 
medium. HDC, which has been isolated as a tri-silver salt 5 from the alkaline oxidation solution, is 
an in termediary  ~, e, 7 from which uroxanic acid is formed when the alkaline oxidation solution is 
evaporated, while allantoin is obtained if the oxidation solution is made weakly acid before the 
evaporation. 

The relative amounts of the end products after completion of the enzymatic oxida- 
tion d e p e n d  n o t  o n l y  o n  t h e  PH b u t  a lso  o n  t h e  n a t u r e  of t h e  buf fe r .  F o r  e x a m p l e  t h e  

f o r m a t i o n  of a l l a n t o i n  w h i c h  is a u g m e n t e d  as  t h e  PH inc reases ,  is  less in  b o r a t e  b u f f e r  

t h a n  in  o t h e r  bu f f e r s  of t h e  s a m e  PH. A c c o r d i n g  to  KLEMPERER, t h e  e n z y m a t i c  r e a c t i o n  

o c c u r s  as  fo l lows:  

U r i c  ac id  + 02 + .2HzO = CsN~O~H, + H20~ (2) 

a n d  t h e  u n k n o w n  p r i m a r y  r e a c t i o n  p r o d u c t  ( w h i c h  m i g h t  h a v e  a h i g h e r  w a t e r  c o n t e n t  
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than is indicated by the formula) may give rise to the following non-enzymatic decom- 
position products: 

~ + H20  -+ a l lan to in  
CsN,O4H 4 + H20  --+ H D C  

+ 2H~O --+ u r o x a n i c  acid 

The present study was undertaken to investigate the spectral changes in the ultra- 
violet which are involved in the conversion of uric acid produced by highly fractionated 
uricase at various Pm and with the use of different buffers. 

The principles as well as the technique and the methods of enzymatic differential 
spectrophotometry have been described in a previous communication s, to which refer- 
ence must be made ("Optical Methods" and "Determination of uric acid")*. 

Owing to the diversity of the present experiments, and their gradually increasing 
complexity, it was thought advisable to discuss the results separately as they appear, 
and to give a summarizing conclusion. 

Method o/plotting. In all figures the directly read extinction difference between a 
measuring cell and a reference cell is plotted against the time of reaction. The measuring 
cell contains uric acid in a buffer, the reference cell containing only the buffer solution. 
At zero time a small volume of uricase suspension s is added to the contents of the mea- 
suring cell, 

RESULTS 

On the addition of a small amount of highly active uricase to a solution of uric 
acid in borate buffer of PH 8, the extinction gradually decreases at all wave-lengths at 
which uric acid absorbs. The total decrease at any-wave length higher than 280 m/z 
equals the extinction of uric acid as measured at the same wave-length by simple 
spectrophotometry on the uric acid solution previous to the addition of enzyme. 

From this it may be concluded that  uric acid is converted into substances with no 
absorption at wave-lengths higher than 280 m/z. 

Below 28o m/z, -AEa is less than E~, (the deficit being higher, as the wave-length 
decreases). The end products, therefore, absorb at wave-lengths shorter than 280 m/z. 
Allantoin, however, does not absorb at 260 m/z or higher wave-lengths. Accordingly, 
end products other than allantoin are/ormed by the enzymatic conversion o[ uric acid. 

Fig. I is representative of such experiments. At the maximum wave-length of the 
uric acid spectrum (,293 m/z) a gradual extinction decrease appears as uric acid is broken 
down; at the minimum wave-length 260 m/z the decrease is considerably smaller, and 
at the wave-length 325 m/z, at which uric acid does not absorb, the conversion of uric 
acid is not observed,--the extinction is not changed. For the sake of simplicity, only 
the changes at these three characteristic wave-lengths are included in the figure. (Com- 
pare the spectrum of uric acidS). 

The final constant extinction value at any wave-length higher than 280 m/z agrees 

* The uric acid absorption spectrum in t he  u l t r av io le t ,  which  is shown  in  t he  above  m e n t i o n e d  
paper ,  is i n d e p e n d e n t  of  t he  n a t u r e  of  t he  buffers  used  ; i t  is on ly  a l i t t le  var ied ,  w h e n  t he  PH range  is 
be tween  7 and  I I. The  s l igh t  va r i a t i ons  have  no prac t ica l  inf luence on the  resu l t s  of t he  expe r imen t s ,  
wh ich  are  to be repor ted .  

The  a g r e e m e n t  be tween  t h e  d e t e r m i n a t i o n s  of ur ic  acid,  by  t he  simple, a n d  by  t he  enzymatic 
differential spectrophotometry s, has  been  conf i rmed a t  va r ious  concen t r a t i ons  of ur ic  acid, a t  va r ious  
pH-values,  and ,  w i th in  ce r t a in  l imi ts ,  a t  va r ious  wave- leng ths ,  t h e  va lues  of  Ex and  of -zJEa be ing  
a p p r o x i m a t e l y  equal .  
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Fig. i. The extinction at the wave-lengths 293 m/z, 
260 m/*, and 325 m/z, as functions of the reaction 
time. The system contains 4-9 /*g uric of acid per 
ml of M/I5 borate buffer of PH 7-9. Uricase is added 
at zero time. Ordinates: E~.. Abscissae: reaction 

period in minutes. 

with the extinction of the enzyme. If  
uricase is put  in the reference cell after 
the determination of the uric acid 
spectrum, just before the same amount  
of the enzyme is put  in the measuring 
cell, the extrapolat ion value at any  
wave-length (higher than 280 m u) 
equals the uric acid extinction, and the 
final constant  value will be approxi- 
mate ly  zero in any  case. 

F rom this it appears tha t  uricase 
and uric acid contribute additionally to 
the total extinction, which is read as the 
extrapolat ion value, when the reference 
cell only contains the buffer as is the 
case in the experiment shown in Fig. I .  

The absorption spectrum o/the enzyme is the same before and after the enzymatic reaction. 
The period in which an arbitrari ly chosen ratio is reached, for instance half of the 

total  extinction decrease is practically independent of the waveqength.  I t  appears, 
therefore, as if uric acid is directly converted into end products  in these experiments. 
Such simple graphs, however, are obtained only when borate buffer is used, and only 
when the PH is not  higher than  8. 

Fig. 2, which represents a similar experiment  to tha t  of Fig. I, shows altogether 
different curves when the borate  buffer is replaced by  a phosphate  buffer of the same 
PH (7.9). The decrease at  the max imum wave-length of uric acid is retarded. At  the 
minimum wave-length, and at the wave-length at which uric acid does not  absorb, a 
gradual  increas~ occurs which is followed by  a gradual  decrease. These phenomena 
always occur together, and occur in any buffer solution except borate buffer o /Pn 8 or less. 
They are most  pronounced when the formation of carbon dioxide (according to KLEM- 
PERER) is high, and least pronounced under conditions at which the carbon dioxide 
formation,  and so the forma- E~! 
tion of allantoin, is low. (In .4oo 
the case of borate  buffer of t'. 
PH 7.9 KLEMPERER found a .300t ' \  
formation of carbon dioxide, | °~-293rn9 

t o which was only 9 %  of the .200 
theoretical according to the L,,,~,..,.,,_..~°'L..~,....c,~.o~,u 
reaction I). In  other words, the , .m0F  ° ~ , ~ - - - - - - ' - - - - - ~  . . . . .  

I ~25~ ~ .  - - - ' - - - - - - - - - - .  phenomena are connected some- ~ , ' - " - " ' - ' 7 - - -  . . . . .  , "7~.._.'-"~:.._ 

how with allantoin formation. 
In  Fig. 3 the heavy  lines 

show directly that ,  in the 
case of a phosphate  buffer, 
the decrease at  the max imum 
wave-length of uric acid, 293 

o 5 1o 15 20 2~ ~'o 
Reoction period in rain 

Fig. 2. The extinction at the wave-lengths 293, 260 and 325 
m/z as functions of the reaction time. The system contains 4.9 
/*g of uric acid per ml of M/I5 phosphate buffer pf PH 7.9. 
Uricase is added at zero time. Ordinates and abscissae as in 

Fig. I. 

mF, is re tarded as compared to the borate-buffered system. The thin lines show what  
happens at this wave-length, on the addit ion of a small volume of a strong solution of 
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sodium cyanide, which instantaneously produces 
a complete inhibition of uricase. In the case of 
borate buffer, the extinction decrease suddenly 
ceases, while in the phosphate-buffered system 
the decrease is at first even accelerated. The 
final constant value after the addition of cyanide 
is approximately equal in both. 

A spectrum taken when the final values 
were reached was in both cases identical with 
the spectrum of uric acid (+  uricase). This indi- 
cates that  the same amount of uric acid has been 
converted at the time of inhibition. (The spectrum 
of uricase is easily eliminated by the addition 
of uricase also to the reference cell). 

The curve in the borate-bu][ered system, at 
PH 8 or less, is practically a true expression o/ 
the disappearance o/uric acid. No matter  of what 
time cyanide is added, a sudden cessation of 
the extinction decrease occurs and a spectrum 
taken immediately afterwards will be identical 
with that  of uric acid. 
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Fig. 3. Heavy lines: the ext inct ion at  293 
m/z as a function of the react ion t ime in 
a sys tem buffered by  phosphate  and in a 
sys tem buffered by  borate.  The PH is in 
bo th  cases 7-9- The concentra t ion of uric 
acid is 9 /zg per  ml. Uricase is added a t  
zero t ime. Thin lines: the ext inct ion on 
the addit ion of cyanide a t  the same t ime 
to both  systems.  Ordinates:  Ez93 m# Ab- 

scissae as in Fig. i .  

In  the case o~ the phosphate bu]/er, however, it appears as i[ an absorbing substance 
is enzymatically /ormed and spontaneously broken down. 

Fig. 4 is a comparison between borate- and glycine-buffered systems of PH 9.45. 
In this experiment extinctions are read only at the maximum wave-length of uric acid. 
The heavy lines represent the changes in systems to which cyanide was not added. 
The thin lines represent the changes after the addition of cyanide. 
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Fig.  4" Heavy l ines : E ~  s m# as a f u n c t i o n  
of the react ion t ime in ~ sys tem buffered 
by  glycine and in a sys tem buffered by  
borate.  The PH is in bo th  cases 9.45. The 
concentrat ion of uric acid is 4-9 /~g per  
ml. Thin  lines, ordinates  and abscissae 

as in Fig. 3- 
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On the addition of cyanide to the glycine- 
buffered system, the decrease is continued for a 
rather long time, (about 5 min), but  in the case 
of borate buffer only a slight decrease takes 
place. The final constant level is equal in both 
cases, indicating that  at the time of inhibition 
the same amount of uric acid has been converted. 

A sys tem buffered to the same PH, for instance by  
a sodium pyrophospha te  buffer, will behave exact ly  
like the glycine-buffered system.  

Since borate buffers do not produce inhibi- 
tion or acceleration of the velocity at which 
uric acid disappears, there is no reason to believe 
that borate ions have any e//ect on the enzyme 
activity. 

The retardation of the decrease at the 
maximum wave-length of uric acid (Fig. 2), 

and the increase at the minimum wave-length and at the wave-length at which uric 
acid does not absorb, (i.e., the phenomena which altogether are connected with the 
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al lantoin formation),  are now most  reasonably in te rpre ted  as a transitory accumulat ion  

o / a n  intermediate substance, the decomposi t ion of which is accelerated in the presence 
of borate.  

F r o m  the findings of KLEMPERER it  appears,  however ,  t ha t  the format ion  of allan- 

toin is higher  in the absence than  in the presence of borate.  The decomposi t ion of an 

in termedia te  substance,  accelerated by bora te  ions, should be a reaction,  therefore,  in 
which al lantoin is not formed.  

In order to examine the formation of the intermediate substance and some of its properties, 
a series of experiments were carried out at the wavedength 325 mu, at which uric acid does not 
absorb and at which, therefore, no disturbance will be produced by the disappearance of uric acid. 

The maximal level of the extinction at 325 mF, which should be an expression of the maximal 
concentration of the intermediate substance, depends on the amount of uricase in the system, on the 
oxygen tension, and to some extent on the concentration of uric acid, all factors which determine 
the velocity of the enzymatic uric acid oxidation. In other words, the extinction level at 325 mu, 
an so the concentration of the intermediate substance, depends on the velocity of the oxidation of 
uric acid. This indicates that the substance is enzymatically formed by the oxidation of uric acid. 

The maximal extinction at 325 m/~ is lowered as the PH increases. That this is due to an 
increased decomposition velocity in the alkali medium and not to a spectral change caused by the higher 
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Fig. 5- Es25 m/~ as a function of the reaction time. 
The system contains 4 ° Fg of uric acid per ml of 
M/I 5 phosphate buffer of PH 7.3. Uricase is added at 
zero time. Continuous line : the system is saturated 
with oxygen. Broken line : the system is at equilib- 
rium with air. Dotted line: the system is poor in 
oxygen. Ordinates: En~ 5 inv. Abscissae: reaction 

period in minutes. 

PH appears from experiments in which the 
formation of the substance is stopped by the 
addition of cyanide. 

The duration of the increased extinction 
at 325 m H is greater in a neutral than in an 
alkaline medium owing to the greater stabili- 
ty of the substance at a lower PH. The dura- 
tion of the increased extinction at a given 
value of PH, depends on the original concen- 
tration of uric acid, owing to the continued 
formation of the substance. 

Some of these findings are demon-  

s t ra ted  and ut i l ized in the  following 

exper iments .  Fig. 5 shows the changes 

of the ex t inc t ion  at  325 m#,  at  which 

wave- length  uric acid does not  absorb. 

The concentra t ion  of uric acid is ra ther  

high, viz., 4 ° Fg per ml  of phosphate  

buffer. The PH is 7.3. 
The  cont inuous  line represents  a 

sys tem previously  bubbled  with  oxygen ;  

the  broken line a sys tem at equi l ibr ium 

with  air, and the do t ted  line a system 

poor in oxygen.  The same amount  of uricase is present  in all systems. 
The slope of the  ini t ial  par t  of the  curves rises wi th  the  oxygen tension indicat ing 

tha t  the ve loc i ty  of the format ion  of the in te rmedia te  substance is increased with  an 

increasing ve loc i ty  of uric acid oxidat ion.  
On the  addi t ion of hydrogen peroxide,  which produces some inhibi t ion on uricase, 

the ex t inc t ion  suddenly  decreases. When  catalase is added,  the curve  will again rise, 
and in the  sys tem sa tu ra ted  with  oxygen even at  a higher ra te  than  prior  to the inhibi- 
tion. This  is due presumably  to an oxygen super-saturat ion,  caused by  the decomposi t ion 

of hydrogen peroxide.  
In the sys tem with  air the slope of the curve also becomes steeper  when the oxygen 
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tension is increased, for example when oxygen E~ ~ \ 
is bubbled through it. In  the oxygen-poor  .6oo 
sys tem only a small concentrat ion of the ab- 
sorbing substance is reached. .5oo 

I t i s o b v i o u s t h a t t h e c u r v e s a r e e x p r e s -  ~ \ 
sions o/a  [ormation and a simultaneous decom- ~o0 IF.. \ 
position o / a  substonce which is enzymatically ~ ' ~  \ ]ormed and spontaneously broken down. 3oc 

If  a similar experiment is carried out at  ~ ~ 
the op t imum PH Of uricase activity,  (9.2-9.4) 200 F 
the  peak of the 325 mju-line is reached in less [#"-%~.~. , - - - . . .  " . ~ . . ~ _  
than  2 minutes  (Fig. 6) when the system is .~00~" ~ ' ~ - . , ,  ~ ' - "  
sa tu ra t ed  with oxygen. In  spite of the much | ~ ' - ' - - '~- -~--"  " 
more rapid formation of the in te rmedia te  0 ~ 1~ 1'5 ~o ~,~ 
product ,  the max imum is only 50 % of the Reoctionpe~,od 
value reached in the previous experiment at  Fig. 6. E298 mp and Es2 ~ my as functions of 

the reaction time. 4 °/~g uric acid per ml of 
P~ 7-3. The more rapid formation cannot  M/IS glycine buffer of PH 9.4. o o satu- 
compensate  for the accelerated decomposition rated with oxygen. • • equilibrium with 
of the substance in the alkaline medium, air. Ordinates and abscissae as in the previ- 

ous figures. 
In  Fig. 7 the ,~ffect of borate  ions on the 

in termediate  substance is compared to the effect of a PH change. Both  the presence of 
bora te  and a high PH will accelerate the decomposit ion of this substance. F rom the 
~.5o0 findings of KLEMPERER, however, it ap- 

~r ~os~ t ,~m  pears tha t  the formation of allantoin pre- 
Pt4~ d~ Addition of o volume ol .~oo ',/----.J~oo~bat~(o~No0M) dominates  in the absence of borate  but  is 

/ i'Ex~-~o~ d~o*e suppressed in its presence. The decomposi- 
/ i co~sea, byt~,a~t~ tion o/ the intermediate substance, which is 

/ t \  " ' "  accelerated by borate, isthere]oremostlikdy 
3oo " , ~ o s ~  ~fe~ to be another kind o/reaction than the decom- 
2oo [I \ " ' - .  position, which is accelerated by an in- 

\... ~otr~ ~1t~c~:9~ " " creased PH. I 0 0  

L ~ ~ - ~  @7~,~:3,s In  this experiment,  again at the wave- 
moH, p.= ,r2-- 0 ~ ~0 ~'~ 2'0 ~,~ length 325 mF, a phosphate  buffer was 

~e~t~oo ~e~0a used (PH 8). 
Fig. 7. The effect of borate ions and of PH- The initial par t  of the curve (the heavy  
change on the decomposition of a 325 mF- line) represents 4 quar tz  cells, the contents 
absorbing substance, which is formed by the 
action of uricase. 125 /~g uric acid per ml M/6o of which were successively examined. The 
phosphate buffer of PH 8. Uricase at zero time. initial part ,  together  with the broken line 
At 6~/S minutes the addition of 1/~ volume of, represent chan~es of the extinction values 
respectively, ~/s M glycine buffer of PH 9.45 
• * ,  ~/~ M borate buffer of PH 9.45 o o, in a system to which nothing has been 
and N/IO NaOH x - .x. Continuous line : From added. 
zero time to 6~/~ minutes 4 curves arereprcsented, Jus t  after the max imum was passed, 
one of which (corresponding to a system to which 
nothing is added at 6=/~ minutes) is continued as a volume of strong glycine buffer of PH 9.45 
the broken line. Dotted vertical line: The effect of was added to one of the cells, s t rong borate 
the dilution. Abscissae and ordinates as in the 

previous figures, of the same p~ to another,  and a solution 
of sodium hydroxide to a third. The added 

volume in all cases amounted  to z/~ of the original volume and caused, therefore, a 
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d i lu t ion on the react ion mix ture .  The ca lcu la ted  effect of this  d i lu t ion on the ex t inc t ion  
is m a r k e d  b y  the d o t t e d  ver t i ca l  line on the figure. 

In  all  cases an a b r u p t  and  s t rong decrease of the  ex t inc t ion  takes  place,  as the  
reac t ion  becomes more alkal ine.  I t  is most  r ap id  wi th  sodium hydroxide .  Here  the  
final P~I is cons iderab ly  higher  than  in the  two cells wi th  glycine and bora t e  buffer.  
W i t h  bo ra t e  the  decrease is much  more r a p i d  than  with  glycine buffer, and  this  is t rue,  
even when a bo ra t e  buffer of PH 8 is a d d e d  ins tead  of one of pH 9.45- In  o ther  words,  the  
effect of bo ra t e  addi t ion  is the  same whe ther  the  PH is changed or not.  The curve af ter  
add i t ion  of bo ra t e  of PH 8 is identical with  t ha t  of bo ra t e  buffer of PH 9.45. 

A sodium py rophospha t e  buffer gave a curve ident ica l  to t ha t  of the  glycine buffer 

of the  same PH (9.45). 
There  is no doubt ,  therefore,  t ha t  the borate ions have a peculiar e//ect on the inter- 
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Fig. 8. The extinction changes at  
various wave-lengths during the en- 
zymatic reaction in a system con- 
taining 15 /~g of uric acid per ml of 
glycine buffer of PH 9.4 saturated with 
oxygen. Uricase at zero time. No uric 
acid left at 4 minutes. Abscissae and 
ordinates as in the previous figures. 

mediate substance, which, in  the absence o/borate, is 
most rapidly decomposed at a high PH. 

The exper imen t  which is represented  in Fig.  8 
was carr ied  out  in order  to ob ta in  some informat ion  
as to the  spec t rum of the  in t e rmed ia te  substance,  
(or pe rhaps  substances) ,  and  with  the  purpose  of 
mak ing  a s t u d y  of the  in t e rmed ia te  spec t ra l  changes 
in connect ion with  the  conversion of uric acid. 

The same amoun t  of uricase was a d d e d  at  zero 
t ime to a number  of cells, all of them conta in ing 
15 micrograms  of uric acid  per  ml of glycine buffer 
a t  p• 9.4 and  s a t u r a t e d  wi th  oxygen.  

Fig. 8 shows the ex t inc t ion  changes dur ing 
the enzymat i c  reac t ion  at  var ious  wave- lengths  
ranging from 260 m/~, the  m i n i m u m  wave- length  
of the  uric spec t rum,  to 34 ° m#.  Uric acid  does 
not  absorb  a t  wave- lengths  higher  t han  320 m/,. 

4 minutes  af ter  the  s t a r t  of the  react ion,  no 
uric acid  was present .  

This was established in a quite similar system with 
borate buffer instead of glycine buffer by readings at the 
maximum wavelength of uric acid. The final constant level 

was reached in 4 minutes. The disappearance of uric acid in 4 minutes was confirmed, in the glyeine- 
buffered system, by the addition of cyanide at this time; the curves with and without cyanide 
were identical. 

By  a ver t ica l  line th rough  the 4-minute  poin t  on the  axis of abscissae,  each curve 
is d iv ided  into  two par ts ,  one corresponding to the  per iod  of uric acid conversion,  the  
o ther  represen t ing  only  changes in which uric acid does not  pa r t i c ipa te .  

4 minu tes  is a p p r o x i m a t e l y  the  t ime a t  which the lower curves  have  an inflecting 
point .  These curves  are ob ta ined  b y  measur ing  at  300-340 m#.  The inflection of the  
o ther  group of curves,  represen t ing  measurement s  a t  260-275 m/~, occurs later .  A t  
260 m/t,  for instance,  i t  is the  m a x i m u m  of the  curve which is nea r  to the  4-minute  line. 

The  different  shapes of the  two groups  of curves after 4 minutes  might  be exp la ined  
b y  the a s sumpt ion  t ha t  a pr imary substance which absorbs the long-waved ultraviolet is 
converted into a secondary intermediate compound with a high absorption o/ the  short-waved, 

but not o / the  long-waved ultraviolet. 
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From the final constant values it was calculated (by subtraction of the extinction 
produced by uricases), that the end products have only slight absorption, and exclusively 
in the short-waved region. 

A spectrum of the intermediate substances may be obtained by plotting the ex- 
tinctions, read on the 4-minute line, against the wave-lengths. After subtraction of the 
spectrum of the enzyme, the result will be a spectrum of the intermediate substances 
together. A spectrum obtained in this way when the long-waved absorption has com- 
pletely disappeared (about 9 minutes after the start of the reaction), is not only very 
different from the first mentioned, but  also different from that of the end products. 
These findings also seem to indicate, that a primary intermediate substance is converted 
into a secondary one. 

A separation of a primary intermediate substance with absorption in the long- 
waved ultraviolet from other in- 
termediate products with absorp- 
tion only in the shortwaved 
region, should be possible by the 
addition of borate at the time at 
which uric acid has completely 
disappeared, and by extinction 
readings at a short wave-length, 
for instance at the minimum 
wave-length of uric acid (260 m#), 
while the disappearance of the 
primary intermediate might be 
tested at a long wave-length 
(325 m~u). 

Fig. 9 shows such an experi- 
ment with phosphate and borate 
buffers at PH 8. The ordinates 
represent the extinction at 260 
m/z, the minimum wave-length 
of uric acid absorption. 

In the phosphate-buffered 
system, a considerable increase 
is seen instead of the expected 
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Fig. 9- E2e0 m~ as a func t ion  o f  the reac t ion  t ime.  Ur icase 
is added  a t  zero t ime  to sys tems containing 15 /~g uric  
acid par  ml of, respect ively,  phospha te  buffer, (heavy line 
cont inued as the  broken line) and bora te  buffer (e o). 
No uric acid is lef t  a t  5 minutes .  At  th is  t ime  x/5 volume of 
bora te  buffer is added  to the  phospha te  system.  Dotted 
vertical line (at 5 minutes) :  t he  effect of the  di lut ion 

* the  phospha te -bora te  system.  Dotted curved line: 
(~rom zero t ime to 5 minutes) :  the  disappearance of uric 
acid (see the  text) .  Total broken line: Non-uric-acid-change 
in phospha te  buffer. Thin line ( in ter rupted  by  o .. o): 
Non-uric-acid-change in bora te  buffer. PH 8 in all cases. 

decrease corresponding to the decomposition of uric acid which, previous to the ad- 
dition of uricase, produces an extinc tion of 0.27 o. In the borate-buffered system, 
however, an initial increase is at any rate insignificant. 

By measuring at the maximum wave-length of uric acid on the cell containing 
borate buffer, it was found that  the final value of extinction was reached in 5 minutes. 
At this time, therefore, no uric acid was left. 

The dotted curve (from zero time to 5 minutes) represents the disappearance of uric 
acid as calculated from measurements at the maximum wave-length in borate buffer. If 
this line is subtracted from the phosphate-curve, the result will be the broken line 
which, therefore (on and after zero time), represents the non-uric changes at 260 m# 
in phosphate buffer. 

Likewise the thin curve is the difference between the borate curve and the dotted 
References p. 6z 3. 
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curve. The thin line, accordingly, represents the non-uric acid changes in borate buffer. 
If boratebuffer is added to the phosphate system, a decrease takes place. The dotted 

vertical line corresponds to the dilution caused by the addition of borate buffer. The 
first part of the decrease is very rapid, just as in the corresponding experiment at 
325 m# (Fig. 7). 

From these experiments it may be concluded that the primary intermediate substance 
is rapidly decomposed in the presence o~ borate ions into substances with no absorption in 
the long-waved region and with only small absorption at 260 m~. (Compare the borate 
curve in Fig. 9-- the  thin line). 

In the case of the phosphate-borate system (Fig. 9), the readings at 325 mF, at 
which wave-length only the primary substance absorbs, showed that this intermediate 
has completely disappeared in less than I minute after the addition of borate. 

20 2'5 mm 
Reaction per/od 

~.5oo Pho!~ote, 4dd~t~on P ~ _ . . . . ~ ,  ~ " of Sorete 

/ , 
400 

8orote i . PH chonged 
o p.-8 I (1~o~ e to ~l 

, o o  

~tck "% \ 
200 x,d \o --~¢+~,~. 

.iO01 + ~ + - + - .  

f: I i'Uriease 
o,, , , , 

0 5 10 ~5 

Fig. io.  The effect of pH-change in the  borate-buffered 
( o - - o )  and the  phosphate-bora te-buffered  ( * - - *  ) sys t em 
shown in Fig. 9- At  6 minu tes  the  325 m/z-absorbing sub- 
s tance has complete ly  disappeared.  At  th is  t ime  PH is 
changed f rom 8 to I I  (without  measurable  dilution).  The 
vertical line: ins tan taneous  increase of Ezs 0 my caused by 
the  pH-change, x x Ez~ 0 m~ of the  bora te-  sys tem af ter  
pH-change. + + ]~2so m~ of the  bora te -phospha te -  

sys tem af ter  pH-change. 

The difference between the 
curves representing the phos- 
phate-borate system and the 
simple borate system, at and 
after 6 minutes, cannot be due 
to uric acid or to the primary 
intermediate substance, since they 
are not present at this time. The 
difference between these systems 
after 6 minutes is due, therefore, 
to the presence in the phosphate- 
borate system of compounds 
which are formed prior to the 
addition of borate buffer. 

I /  the difference is a quali- 
tative one, this would indicate that 
the manner o~ decomposition o~ the 
intermediate substance is di//erent 
in the presence and in the absenea 
o/borate. That there is a qualitative 
difference appears from the fol- 
lowing experiment. 

When the PH is changed from 8 to I I  by the addition of a small volume of sodium 
hydroxide to the simple borate system at 6 minutes, practically no extinction change 
occurs. If, however, the same pH-change is produced at the same time in the phosphate- 
borate system, the extinction is considerably increased. The change occurs instantane- 
ously and should be marked on the figure by a vertical line. The instantaneous increase 
is followed by a gradual rapid decrease to a constant low level, as is shown in Fig. ] o. 

A similar phenomenon is observed in the simple phosphate system (Fig. II). 
The phosphate-curve and the phosphate-borate curve are quite similar to those 

in Fig. 9. Uric acid has completely disappeared at the time of borate addition. 
The addition of borate always causes a rapid decomposition of the primary inter- 

mediate substance, since a very rapid extinction decrease may be observed at all wave- 
lengths concerned, and at all values of pg, when borate is added without a pn-change. 

In the experiment shown in Fig. II ,  however, a pH-change is produced. The instan- 
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taneous increase of the extinc- ~ !  
tion, caused by  the addition of ~. 
borate buffer of PH 9.45, cor- 
responds exactly to the in- 
crease caused by  the addition 
of any other strong buffer of 50~ 
the same P~t. The instantane- 
ous increase is not an effect on ~0c 
the pr imary intermediate sub- 
stance, since this is rapidly 30c 
decomposed by borate ions. A 
similar extinction increase 20c 
takes place in a system which 
does not contain a measurable .Ioc 
amount of this pr imary sub- 
stance (Fig. IO). 

The extinction increase 
(Fig. I I ) ,  which is caused by 
the pn-change is an. e//ect on 
another compound, ",,hose [or- 
mation seems to be accelerated 
not by  })orate ions but  by a 
high Pn, The curved line on 
the top of the glycine-curve is 

I 

~,sphote i!/..~ ~ \'~÷ pH:I~,: 
-chonge-- "~X . 

\ 
pH=9.45 -.-...__. o - -  o---.-~* - - .  

Reochbn per,od 

Fig. i i. The effect of pH-change and of addi t ion of borate 
(without pH-change) to the phosphate system of Fig. 9- Tile 
original PH is 8. Continuous line + broken l i n e : t h e  unchanged 
phosphate system. Dotted veriical line: the effect of dilution. 
From the lowest point of this line is measured upwards: the 
instantaneous increase of E2s 0 my caused by the addition of, 
respectively, borate buffer of PH 9.45 o o, glycine buffer of 
PH 9.45 . - - o ,  and NaOH (the pHbecoming i i ) .  Downwards:  

the phosphate-borate system of PH 8. 

most probably an expression of a simultaneous formation and decomposition of a secon- 
dary intermediate compound. 

The extinction coefficient of this secondary intermediate as well as the velocity 
at which it decomposes is increased as the PH is raised. 

CONCLUSION 

According to KLEMPERER, borate ions suppress the decarboxylation of an unknown 
intermediate product and favour the formation of HDC and uroxanic acid from this 
intermediate. In the absence of borate, however, the formation of allantoin predo- 
minates, and increases as the PH becomes more alkaline. This might now be formulated 
as follows: (a) 

II  -+ allantoin 
Uric acid -+ I / t  

"~ HDC + H20 ~-~ uroxanic acid. (b) 
a. velocity increased by a PH increase ; 
b. velocity increased by borate ions. 

The pr imary substance (I) is decomposed in two differerit ways. One reaction is 
the formation of a secondary intermediate (II) which is converted into allantoin; the 
velocity of this conversion increases as the PH becomes higher. 

Another kind of decomposition of the pr imary substance is the formation of HDC, 
which is accelerated by  borate. HDC is par t ly  converted into uroxanic acid; the relative 
amounts of these two end products depend on the PH- 
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SUMMARY 

The disappearance of the light absorption of uric acid in enzymatic experiments is generally 
not a true expression of the disappearance of uric acid. The spectral changes involved, show that  
at  least two intermediate substances are transitorily accumulated, which cause a retardation of the 
disappearance of the absorption at  the maximum wave-length and the occurrence of a transitory 
absorption at  wave-lengths at which uric acid produces little or no absorption. 

The accumulation of the intermediate substances is very slight when borate ions are present 
and the PH not above 8. The reason for this is that  the primary intermediate substance, which 
absorbs the long-waved and also the short-waved ultraviolet, is rapidly decomposed in the presence 
of borate. This decomposition is independent of the PH. 

The end products have only slight absorption and exclusively in the short-waved region. 
The disappearance of uric acid may therefore be followed, and the activity of uricase may be 

estimated, through observations of the disappearance of the absorption at  the maximum wave- 
length of uric acid in systems with borate buffer of PH 8. 

The primary intermediate substance may be examined in the absence of borate and at  a higher 
wave-length at  which uric acid does not absorb. 

The secondary intermediate compound may be examined separately at  shorter wave-lengths, 
when uric acid has disappeared, and when the primary substance has been excluded by the addition 
of borate. The absorption of the secondary substance is greater as the PH increases. Both the forma- 
tion velocity and the decomposition velocity of the secondary substance is increased with an in- 
creasing PH. 

From a comparison of these results with the findings of KLEMPERER it seems probable, that  the 
formation of allantoin is conditioned by a rapid decomposition of a secondary intermediate com- 
pound. Under conditions at  which this decomposition is relatively slow the formation of other end 
products from the primary intermediate substance will predominate. 

~SUM~ 

La disparition de l 'absorption de la lumi~re par l'acide urique, produite lors d'expbriences enzy- 
matiques, n 'est  en g6n6ral pas en corr61ation directe avec la disparition de l'acide urique. Les change- 
ments spectraux montrent  qu'au moins deux substances interm6diaires sont accumul6es transitoire- 
ment. EUes produisent un retardement dans la disparition de l 'absorption dans la r6gion du maximum 
d'absorption; en m6me temps apparait  une absorption transitoire A des longueurs d'onde ou l'acide 
urique n'absorbe pas. 

L'accumulation des produits interm6diaires est minime en prdsence d'ions de borate et A un 
PH ne d6passant pas 8. La premibre substance interm6diaire, absorbant les rayons ultraviolets longs 
et courts, est rapidement d6compos6e en pr6sence de borate. Cette d6composition est ind6pendante 
du PH- 

Les produits finaux ont une absorption tr~s faible, se confinant aux r6gions d'ondes courtes 
La disparition de l'acide urique peut donc 6tre 6tudi6e, ainsi que l'activit6 de l'uricase, par 

l 'observation de la disparition de l 'absorption-maximum de l'acide urique, dans des syst~mes conte- 
nant du tampon borate de PH 8. 

La premiere substance interm~diaire peut ~tre 6tudi6e dans l'absence de borate, et  ~ une lon- 
gueur d'onde plus 61ev6e, ou l'acide urique n'absorbe plus. 

Le second produit interm6diaire peut 6tre 6tudi6 s6par6ment A des longueurs d'onde plus 
courtes, quand l'acide urique a disparu, et quand la substance primaire est exclue par l 'addition de 
borate. 

L'absorption du produit secondaire, ainsi que ses vitesses de formation et de d~composition, 
augmentent  avec le PH. 
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Lorsqu'on compare ces r~sultats avec ceux de KLEMPERER, il semble probable clue la formation 
d'allantoine est conditionn6e par une d6composition rapide d 'un interm~diaire secondaire. Dans 
des conditions ou cette d6composition est lente, il se formera de la substance interm6diaire premi6re 
surtout d'autres produits finaux. 

ZUSAMMENFASSUNG 

Das Verschwinden der Lichtabsorption yon Harns/iure bei enzymatischen Versuchen ist im 
allgemeinen kein richtiger Ausdruck fiir das Verschwinden yon HarnsAure. Die dabei auftretenden 
spektralen Veriinderungen zeigen, dass zumindest zwei Zwischenstoffe voriibergehend angeh~uft 
werden, die eine Verz6gerung des Verschwindens der Absorption beim Wellenlgngenmaximum und 
das Auftreten einer voriibergehenden Absorption bei Wellenliingen, bei welchen HarnsAure wenig 
oder nicht absorbiert, verursachen. 

Die Anhiiufung der Zwischenstoffe ist sehr gering, wenn Borationen vorhanden sind und der 
PH nioht oberhalb yon 8 ist. Der Grund daffir ist, dass der primiire Zwischenstoff, der im lang-, und 
auch im kurzwelligen Ultraviolett absorbiert, bei Anwesenheit yon Borat schnell zersetzt wird. Diese 
Zersetzung ist pH-unabh/ingig. 

Die Endprodukte absorbieren nur schwach und ausschliesslich im kurzwelligen Gebiet. 
Durch Messungen des Verschwindens der Absorption beim Wellenliingenmaximum yon Harn- 

siiure in Systemen mit Boratpuffer yon PH 8 kann daher das Verschwinden yon Harnsiiure verfolgt, 
und die Uricaseaktivit~it best immt werden. 

Der primiire Zwischenstoff kann bei Abwesenheit yon Borat und bei einer hSheren Wellenl/inge, 
bei der Harnsiiure nicht absorbiert, untersucht werden. 

Der sekund/ire Zwischenstoff kann getrennt  bei kiirzeren Wellenl/ingen untersucht werden, wenn 
die Harns~.ure verschwunden ist, und wenn der primAre Stoff durch Zufiigen yon Borat zersetzt 
worden ist. Die Absorption des sekundi~ren Stoffes ist gr6sser, wenn der PH zunimmt. Sowohl die 
Bildungs- wie die Zersetzungsgeschwindigkeit des sekund/~ren Stoffes nimmt mit  zunehmendem 
PH zu. 

Bei Vergleich dieser Resultate mit  den Funden yon KLgMPSRER wird es wahrscheinlich, 
class die Allantoinbildung durch den schnellen Zerfall einer sekundAren Zwischenverbindung bedingt 
wird. Unter Bedingungen, bei denen dieser Zerfall verhAltnism~sig langsam ist, ist die Bildung 
anderer Endprodukte aus dem prim/iren Zwischenstoff vorherrschend. 
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