
Vol. 1, No. 5, September, 1962 SOME PROPERTIES OF UREASE 911 

it appears unlikely that the pH-dependence of 
T, ,  (Fig. 5) is due to side-chain hydrogen bonding; 
rather, this behavior is probably the result of 
electrostatic effects. 

If we accept the models proposed for native and 
denatured STI, the optical rotatory data indicate 
that a combination of STI and trypsin leads to 
essentially no change in the conformation of the 
backbone of either protein. I t  is not possible 
to discuss the possible involvement of side-chain 
tyrosyl or tryptophanyl groups in the association 
because of the autolysis of trypsin during the 
measurement of the difference spectrum. 
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Samples of urease with reproducible specific activity, 153,000 Sumner units g, and 
absorption spectrum, E:  :,,, 7.71 a t  272 mp, have been obtained. Ultracentrifugal 
analysis indicates a high degree of purity. The molecule (M.W. 473,000) contains 
about 77 methionyl, 29 cystinyl, and 47 cysteinyl residues. Some of the mercapto 
groups are very reactive and may be involved in exchange reactions with disulfide 
groups, causing polymerization. The mercapto groups essential for enzymatic activity 
are less reactive. 

Urease is a very interesting enzyme because of 
the high efficiency and specificity of its action. 
It deserves attention also because of its historical 
importance, as it was the first enzyme to be iso- 
lated in crystalline form. Despite this point of 
special interest, comparatively little progress has 
been made in the intervening period of time to- 
ward elucidation of its chemical nature ‘Varner, 
1960 I. This paper describes some contributions 
toward the solution of this problem. 

EXPERIMENTAL PROCEDURES 

Materials and Apparatus .  ~~ Commercially avail- 

* This investigation was supported by Contract 
Nonr-2595(021 from the Office of Naval Research, 
Biochemistry Branch. Preliminary experiments were 
r i~~nt .  under Contract AF 18(603!-135 from the Air 
F nrce Office o!‘ Scientific Research, Acrrlrnedical 
Division. 

f R. T. €1.  is a member of i h e  Department of 
BiOChemiStry, University r ) r ‘  Kansas, 1,awrence: we 
are indebted to that Department for the  facilities 
used in the ultracentrifuge experiments. 

able reagent-grade chemicals were generally used 
without further purification, but samples were 
selected which, according to the manufacturer’s 
analyses, had low heavy metal content. Cysteine 
hydrochloride hydrate, grade B, was obtained 
from the California Corporation for Biochemical 
Research, Los Angeles 63; crysta Nine bovine 
serum albumin from the Armour Laboratories, 
Kankakee, Ill.; p-chloromerwribenzoate from the 
Sigma Chemical Company, Inc , St. Idouis, Mo.; 
N-ethylmaleimide from the Delta Chemical Works, 
New Yorlc; “Alka-ver” indicator from the 
Hach Chemical Company. Ames, Iowa. Guani- 
dine hydrochloride, initiall) of “Aero” I technical) 
grade from the Americar. Cya~~amid  Company, 
Bound Brook, N. ,J., was purified as described 
elsewhere (Leslie et al., 1962 1 .  The water used 
was purified by ion exchange and distilled once 
through an all-glass still, except when otherwise 
5pSI ified. 

f be jack-bean meal was prepared from beans 
giown in 1959 by Mr. Ernest Nelson, Route 1. 
Waldron, Ark. The beans were hrst ground to 
pea-sized pieces in a motor-driven stainless-steel 
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food chopper (Model 4222, Hobart Mfg. Co., 
Troy, Ohio) and then ground to fine powder in a 
stainless-steel hammer mill (Micropulverizer Type 
CF, Metal Disintegrating Co., Pulverizing Ma- 
chinery Division, Summit, N. J.). 

The composition of buffers used in this work 
was as follows (except when otherwise specified, 
quantities were dissolved in enough water to give 
1 liter of solution, p H  7.0 i. 0.1). Phosphate 
i0.75 ~ i :  28.0 g KH,POI, 128.4 g Na2HP0,.7Hy0 
(same as 9.8% phosphate buffer prescribed by 
Sumner, 19551. Phosphate (0.02 M ) :  1.150 g 
NaH2P04.H,0,  3.128 g Na2HP0,.7HI0. Phos- 
phate-chloride: 0.924 g NaH2P0,.H20, 3.570 g 
Na2HP01. 7H20, 5.845 g NaC1. Phosphate-cys- 
teine: 5.362 g Na2HP0,.7H,0; 1.176 g cysteine 
hydrochloride hydrate; 5.453 g NaC1. Phos- 
phate-sulfite: 0.924 g NaH,PO,.H,O, 3.570 g 
Na2HP04.7H20, 1.008 g Na$Oa, 0.208 g NaHS03, 
4.092 g NaC1. Citrate ipH 6.1): 950 ml 1 M 
trisodium citrate, 50 ml 1 M citric acid. 

Assay of Urease.-The test soiution (Nelson, 
1955) was prepared by dissolving 25,0 mg crystal- 
line bovine serum albumin in 30-40 ml 0.75 M 
phosphate buffer, adding 1.5 g urea, and diluting 
with buffer to 50 ml. This solutior, was prepared 
fresh as needed, and stored with refrigeration no 
longer than 24 hours. One milliliter of test 
solution was mixed with 1 ml of 0.02 M phosphate 
buffer, 2 drops of "Alka-ver" indicator were 
added, and the mixture was titrated with 0.1 M 
hydrochloric acid to the first purple color; A = 
voluma of acid used in ml. For the assay, 1 ml 
each of test solution and sample were mixed and 
allowed to stand exactly 5 minutes a t  20 + 0.5"; 
then t,he indicator and A ml of acid were added 
within 10 seconds, and titration was continued to 
the purple end-point; B = volume of acid used, 
in ml. The activity of the sample in Sumner units 
(S.U.' was taken as equal to the number of milli- 
grains of ammonia nitrogen liberated in the con- 
ditions as a result of enzyme action: S.U. = 
( B  -- A )  X M X 14.0, where M is the molarity of 
the acid. The accuracy of the determination was 
checked with samples of known ammonia content. 
The samples to be tested contained 4 S. U.,'xnl or 
less. Phosphate buffer, 0.02 M, was used to 
dilute the samples. The dilution was made only 
I i e w  minutes before the assay. 

I I, ? jack-bean meal was assayed by stirring 
1.00 g , i f  i i  for 10 minutes with lr30 in1 of water 
a t  25 -7- l', filtering a small portion by gravity 
through Whatman No. 41 paper, and assaying 
promptly. The aqueous solutions obtained in 
this way contained 2.2 S.U. 'ml, corresponding to 
220 S.U. g of meal; clearly, this may not represent 
the total wease content, but only the amount of 
active enzyme extracted in the conditions. 

PreAxtmtion of Urease.- -The  first attempts t,o 
prepare crystalline urease by the procedure of 
Sumner I 1951, 1955) were unsatisl'actn:-y, and it 
became apjiarent that rigid contl'ol of all experi- 
mentz! conditions was necessary to obt,iiin repro- 

TABLE I 
TYPICAL ISOLATION PROCEDURE 

Material Quantity (S.U.) 

- 
Activity 

Jack-bean meal 1 kg 220,000 
Filtrate 4000 ml 76,000 
Solution of  1 X crystd. urease 40 ml 32,000 
Solution of 2 X crystd. urease 25 ml 20,000 
Solution of 3 X crystd. urease 23 ml 18,500 
Solution of 4 X crystd. urease 20 ml 16,800 

ducible results. A detailed account of the prob- 
lems encountered and the procedure employed 
have been given in another paper (Gorin et al., 
1960). 

In  the present work, some twenty large-scale 
preparations were executed, each using 800-1600 
g of meal. Table I gives the results obtained in a 
representative case. Several preparations gave 
substantially greater yields of enzyme, and a few 
gave smaller yields; in all cases, a crystalline 
product of high activity was obtained. 

Ultracentrifugation.-The ultracentrifugal anal- 
yses were conducted in a Spinco Analytical 
Ultracentrifuge, Model E, equipped with tem- 
perature control and a phase plate in the schlieren 
optical system. The speed of the rotor was gen- 
erally 52,640 rpm; its temperature was main- 
tained constant and usually near 4". The ob- 
served sedimentation coefficients were corrected 
to standard conditions, water medium and 20'. 
Relative amounts of the observed components 
were determined by measuring the areas with a 
Gaertner Toolmaker's Microscope. The observed 
areas were corrected by the inverse square 
law of dilution. N o  corrections were made for 
the Johnston-Ogston effect. 

Analyses-Crystalline urease was taken up in 
water, and the nitrogen content of aliquot portions 
was determined by Kjeldahl analysis (Association 
of Official Agricultural Chemists, 19601. Other 
portions were evaporated to dryness a t  95" and 
the residues allowed to stand in vacuo over phos- 
phorus pentoxide to constant weight. Kjeldahl 
analyses were also done on many solutions of 
urease in water and in 0.02 M phosphate buffer. 

Sulfur was determined by the methods of Carius 
or of Schoniger (1956). The sulfate obtained by 
either method was determined according to the 
directions of Munger el a!. 1950). 

Methionine was determined by the procedure 
ot Horn et al. 11946) after hydrolysis of the urease 
in 20% hydrochloric acid at 115" for 18 hours. 

Cystine and cysteine were determined by the 
methods of Akabori and Fujiwara '1058) or of 
Bandemer and Evans '19601. 

Reaction with p-Chloromercrtribenzoatp iBoyer, 
19.54). -In a representative experiment, the 
mercurial has dissolved in 1 ml 0.1 M sodium 
hydroxide and diluted to 50 ml with 0.05 M phm- 
phate buffer to give an approxirnateiy 10 M 
solution; the exact concentration was determined 
si)ectrojihotometric;illy. with the value 1.69 x 

~ 
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lo4 being used for the molar absorbancy coefficient 
a t  232 mp. The urease solution, in 0.02 M phos- 
phate, was about M. Varying amounts of 
mercurial were mixed with 0.200-ml aliquots of 
urease solution to give molar ratios between 10 
and 250 and sufficient 0.05 M phosphate buffer was 
added to make the volume 5.00 ml. The absorb- 
ance of the reaction mixtures was determined after 
appropriate intervals of time, and the difference 
between the experimental value and that calcu- 
lated for the unreacted components of the mix- 
ture was computed; the final readings were 
taken after 3 hours. 

The hydrolytic activity of the reaction mixtures 
was determined in the manner described except 
that the test solution did not contain bovine 
Serum albumin; the activity is expressed as a 
percentage of that  found in the solution containing 
no mercurial. 

Some experiments were done in the presence of 
4 M guanidine hydrochloride. Solutions of this 
denaturant were made up in 0.05 M phosphate 
buffer, the pH was readjusted to 7.0, and the 
solutions were then mixed with buffered solutions 
of urease and mercurial. The absorbance of the 
mercurial reagent is altered by guanidine hydro- 
chloride, and the “blank” absorbance values were 
therefore computed from measuremenL3 upon ap- 
propriate mixtures of these reagents. 

Reaction with N-Ethylma1eimide.-- The amount 
of N-ethylmaleimide which reacts with urease 
was determined by the procedure of Leslie et at. 
11962) In a representative experiment, 0.5 ml 
of 0.004 M N-ethylmaleimide was mixed with 
0.75 ml of 7 X 10 -5 M urease and 4 m l 5  M guani- 
dine hydrochloride. The final absorbance read- 
ing wab taken after 30 minutes. 

Reaction with Ferricyanide.--Solutions of potas- 
sium ferricyanide were made up quantitatively 
in 0.05 M phosphate buffer, pH 7.0, from weighed 
samples of solid reagent, protected from light, 
and used the same day. Guanidine hydrochlo- 
ride, 6 M, was made up in 0.05 M phosphate bufyer 
and adjusted to pH 7.0 with base. In a typical 
experiment, there were mixed 0.250 ml of approxi- 
mately 1.3 x 10 M urease, 0.250 ml of 0.001 M 
ferricysnide, 2 ml of guanidine hydrochloride, 
and enough buffer to make 3 ml. The hbsorbance 
a t  410 mp was determined a t  intervals mid com- 
pared M ith that of an approprin te blank. 

RESULTS 

The isulation procedure of Surnner 1 1951, 
1955, does not afford a good recovery of the en- 
zymatic activity f r ca  the starting material, and 
some attempts were made to modify the first step 
in t,he procedure, extraction with 32% acetone, 
since the greatest loss was sustained a t  this point. 
This was due, at least in part, to incomplete ex- 
fraction, since considerable enzymatic activity 
was left i r i  the residue. However, it was found, 
in gentm!, that the modifications eqective in 
sxtractirig more enzyme would also extract more 

inactive material, which interfered with the sub- 
sequent purification. The crystallization proce- 
dure, originated by Dounce (1941) and recom- 
mended by Sumner (1951, 1955), was found quite 
satisfactory, and could be repeated several times 
with only moderate loss of activity. Usually, the 
enzyme was crystallized four times, but fewer or 
more crystallizations were executed in some cases, 
as noted. 

The nitrogen content of two four-times-crystal- 
lized preparations was found to be 15.8 i 0.2%. 
The ultraviolet absorption spectrum had a maxi- 
mum a t  272 mp. The absorbance and specific 
activity of several preparations are given in Table 
11. These data are based on the nitrogen con- 

TABLE I1 
PROPERTIES O F  SOME UREASE PHEPARATIONS 

Specific 
Prep- Activity 

aration Times (S.U./mg 
No. Crystd. N )  (15.8(y0 N) 

1 4 965 
6 970 
4 1060 
4 970 
4 954 
6 984 
3 850 
4 987 
4 890 

1100 3 

Av. 973 f 48 
__ 

(8.66) 
7.76 
7.65 
7.77 
7.95 
7.77 
7.34 
7.58 
7.58 
7 96 

7 . 7 1  f 0.15 

tent determined by analysis; marly other prepara- 
tions, which were not analyzed for nitrogen, had 
activity absorbance ratios in accordance with the 
values tabulated. The activity and absorbance 
determinations were done in 0.02 M phosphate 
buffer within one day from the last crystalliza- 
tion; however, it was found that the activity 
suffered little or no change during a week’s storage 
in the refrigerator. 

Samples 1, 2, and 3 were subjected to ultracen- 
trifugal analysis. In phosphate-sulfite buffer, the 
first two samples showed only one component, of 
sedimentation coeficient 19 S, while sample 3 
also contailled a small ainount, about 7%, of a 
component of 3.4 s. AliquGt portions of the 
same preparatioiis dissolved in plain or phosphate- 
cysteine buffer showed more complex sedimenta- 
tion patterns that indicated the presence of ag- 
gregated products. Thus, sample 1 dissolved in 
phosphate-cysteine contained about 3% of a 
component of 29 S, and sample 3 ahout 2%. 
Sample 2 in plain phosphate buffer was even more 
aggregated, with 16% of 29 S and 1% 38 S com- 
ponents; after standing 4 weeks in the refrigera- 
tor, the solution showed a decrease in 19 S com- 
ponent and an increase in 29 S and 38 S as welj 
as the appearance of a 44 S component (71%, 
21 70, 5 % , and trace, respectively). 
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TABLE I11 
ANALYTICAL RESULTS 

Element mina- No./ 
or Group Method tions 473,000 

Deter- 

S Carius or 4 177 f 5  

Akabori and 9 106 s t 8  
Schoniger 

Fu jiwara 
Cysteinyl + Bandemer and 2 110 f 2 

Me thion yl Horn et al. 10 79 f 7 
C ysteinyl Boyer 6 4 8 i 4  

Leslie et al. 3 4 7 f 4  

cystby1 Evans 

Table 111 summarizes the analytical results ob- 
tained in this work with 3- and 4-times crystallized 
samples of urease. The determination of mercapto 
groups by the method of Boyer (1954) (Fig. 1) 
was less than fully satisfactory because the points 
corresponding to excess p-chloromercuribenzoate 
often showed considerable scatter, as illustrated 
by one of the cases represented. That the tech- 
nique of measurement is not directly a t  fault is 
indicated by the fact that the points corresponding 
to lower mercurialiprotein ratios all conformed 
closely to a straight line; i t  is suspected that the 
difficulty may be caused by the occurrence of 
association and the consequent scattering of light. 
Fortunately, the final result is not very sensitive 
to the location of the segment delineated by the 
scattered points, and fairly concordant results 
were obtained from several determinations. Ali- 
quot portions of the reaction mixture were assayed 
and the results are shown in Figure 1. From 
this (and other determinations) it can be seen 
that 1C15 mercapto groups reacted with little 
diminution of the activity, and that about 75% 
of the activity was left after one-half of the mer- 
capto groups had combined with the mercurial. 

Urease treated with 4 M guanidine hydrochloride 
reacted with p-chloromercuribenzoate a t  a much 
faster rate than the native enzyme, but the 
amount of mercurial bound was the same. The 
same number of mercapto groups was found in 
denatured urease with N-ethylmaleirnide. 

Ferricyanide did not react with native urease in 
the conditions employed in this work. In 4 M 
guanidine hydrochloride. a rapid reaction took 
place, which was complete in less than 10 minutes; 
this was followed by a very slow further consump- 
tion of reagent, that  came to no definite end. 
The amount of ferricyanide consumed in the first 
rapid reaction increased gradually as the reagent 
protein was increased. Figure 2 shows some 
representative results. 

DISCUSSION 

The specific activity of enzyme preparations is 
an important criterion for establishing purity, 
but in the case of urease considerable difficulties 
attach to determining this property and establish- 

ing its significance. The values reported by 
various investigators vary rather widely (Heller- 
man et ad., 1943; Desnuelle and Rovery, 1949; 
Ambrose et al., 1951; Sumner, 1951; Creeth and 
Nichol, 1960). Because of its high activity, the 
enzyme is assayed in exceedingly dilute solution, 
about 10- M, and i t  is very difficult to exclude 
the possibility of partial inhibition by some im- 
purity a t  this concentration level. It has been 
shown in this work that 0.5% solutions of the 
enzyme in 0.02 M phosphate buffer retain their 
activity during several days' storage in the refrig- 
erator, but solutions in other media may lose ac- 
tivity more quickly, and this is generally true for 
more dilute solutions. The work of Hofstee 
11948-1949) provides some examples of how the 
activity of urease solutions may be decreased or 
increased by the conditions of storage. In  the 
present state of knowledge concerning this enzyme 
and its action. the absolute value of its specific 
activity cannot be used as an accurate measure 
of purity. 

In the present work, precautiors were taken to 
insure that the different samples of urease would 
be tested in identical conditions; the final 
solutions contained about the same concentration 
of urease, were stored only a short time before 
testing, were diluted in a reproducible manner, and 
were assayed with the same reagents. In this 
way, the measured values of the specific activity 
would be strictly comparable. It was then pos- 
sible to demonstrate that  different preparations 
of urease had essentially the same activity, and 
that the activity of some preparations did not 
change on further crystallization. 

The urease preparations which had the same 
specific activity also had the same ultraviolet 
absorption spectrum. Absorption a t  272 mp is 
shown by many proteins (Beaven and Holiday, 
19521, and hence cannot be used for qualitative 
characterization. However, i t  follows that con- 
tamination of the enzyme by inactive protein 
would lower the activity absorbance ratio; this 
is not the case for the samples under discussion. 
Based on a molecular weight of 473,000 (see be- 
low ), the molar absorbancy coefficient calculated 
from our data is 365,000. This is much lower 
than the 798,000 previously reported by Landen 
f 1940 ', even though that investigator reported 
that his preparation had a specific activity of 
130,000 S.U. g. 

The establishment of the degree of purity by 
still other methods is desirable. Sumner el al. 
,1938) subjected samples of urease to ultra- 
centrifugal analysis, and found all of them hetero- 
geneous to some extent; however, a component 
of sedimentation coefficient 19 S clearly predomi- 
nated in the preparations, and the authors felt i t  
could be unequivocally identified with the enzyme. 
McLaren et al. (1948) obtained results similar to 
those of Sumner. Finally, Creeth and Nichol 
(1960) have reported the analysis of five samples 
of urease, all of which contained components of 
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FIG. 1.-Reaction of urea.se with p-chloromercuri- 
benzoate; increase in absorbance vs. mercurial/ 
urease (molarj ratio. Open circles: Preparation 
3; note t b t  two quite differently placed segments 
(A and A') drawn through the points give about the 
same number of mercapto groups per molecule, 55 
and 53, respectively. Full circles: Preparation 11. 
Crosses: Activity of preparation 11 after addition 
of mercurial compared to  activity of uninhibited 
sample. 

19,28, and 36 S. The first component predomi- 
nated in all cases, but the proportion of heavier 
components was 10% to 40%. When these sam- 
ples were treated with sulfite, the heavier com- 
ponents disappeared. On the basis of these re- 
sults, Creeth and Nichol suggest that  urease 
forms dimers and trimers in solution by a mer- 
capto-disulfide exchange reaction: sulfite splits 
the disulfide bonds and thus reduces the teleomers 
to monomer. Creeth and Nichol do not specify 
the activity of the :ndividual preparations used 
by them, but indicate it varied between 10,000 
and 80,OOG S.U. 8.  

The results of our ultracentrifugal analysis. 
performed in part 5efore the paper of Creeth and 
Nichol had appeared, are in agreement with their 
findings, except that our preparations contained 
smaller proportions of polymeric material. The 
activity of our preparations leaves no doubt that 
the 19 AS component is active enzyme and indicates 
that the preparations c.f Creeth and Nichol likely 
contained considerable amounts of an inhibitor, 
which, however. did not affect the ultracentrifugal 
behavior. 

Our analytical results for the nitrogen and sul- 
fur coptent of the enzyme are more precise than 
those previously reported, but agree with them 

A0.D.. .075, 64 - SH Po = _270:1 

A0.D.. .072, 61- SH 

- 18111 
" - - 0 '8__., A 0. D. = .067, 57 -SH 

915 

2 
2 4 6 8 1 0  

TIME, min. 

FIG. 2.--Reaction of urease with ferricyanide in 
4 M guanidine hydrochloride at  initial ferricyanide/ 
urease molar ratios of 270, 181, and 90. Number of 
mercapto groups per molecule, calculated from 
decrease in absorbance (a0.D.) is 64, 61, and 57, 
respectively; value extrapolated to zero excess of 
ferricyanide, 55 groups per molecule. 

within the precision of the respective measure- 
ments (Sumner, 1951). In the conversion of the 
analytical data into numbers of atoms or groups 
per molecule, 473,000 was used as the molecular 
weight (Sumner et d., 1938), although i t  is now 
clear that  this value may require some modifica- 
tion (Creeth and Nichol, 1960). The results of the 
calculations are listed in the last column of Table 
111. The total, cysteine + cystine + methionine, 
agrees with the sulfur analysis within experimental 
error, and this lends confidence to the results. A 
set of consistent vaiues has been ca!culated by 
taking the average between the total sulfur analy- 
sis and the sum of cysteinyl-cystinyl-methionyl 
!i82), and reducing the number of methionyl and 
cysteinyl plus cystinyl proportionally to conform 
with this value (77 and 105, respectively). 
Cystinyl has been calculated by difference. 

The work presented in this paper was inspired 
in part by the very interesting study of Hellerman 
et al. 11943), which presented evidence for the 
existence of three types of mercapto groups of 
differing reactivity in urease. According to 
that study, a unit of 473,000 moiecular weight 
contains 20-22 highly reactive groups (o, ) ,  which 
are not concerned with enzymatic activity; a like 
number of groups ( b ) ,  less reactive but still able 
to combine with p-chloromercuribenzoate, which 
are essential for enzymatic action; and possibly 
as many as 60 more groups, which react only after 
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denaturation of the protein in concentrated guani- 
dine hydrochloride solutions. 

In the present work the amount of p-chloro- 
mercuribenzoate bound to the native enzyme 
molecule was measured by Boyer’s method, and 
the value obtained, 50 molecules of mercurial 
per molecule of enzyme, compares fairly well with 
the value 40-44 found by Hellerman et al. Our 
data on the inhibition of enzyme activity are, 
furthermore. in qualitative agreement with the 
suggestion that the mercurial is bound preferen- 
tially, but not exclusively, to the highly reactive, 
nonessential a groups. 

Application of Boyer’s method and of N-  
ethylmaleimide to the determination of the mer- 
capto groups in denatured urease gave. within 
the somewhat limited precision of the data, the 
same number as found in native urease. Our 
results therefore do not support the estimate of 
Hellerman et al. regarding the existence of some 
60 groups of low reactivity besides the u and b 
groups. This estimate was based on the reduc- 
tion of porphyrindin and especially o-iodosoben- 
zoate by denatured urease, and there are reasons 
to doubt that  such oxidizing agents are generally 
reliable. A full discussion of the matter cannot 
be given here, and reference should be made to the 
review of Cecil and McPhee 119591 for the pertin- 
ent arguments. 

It is interesting to consider in this connection 
the results obtained in the reaction of ferricyanide 
with denatured urease. These results show that 
the amount of ferricyanide consumed increased 
with the reagent protein ratio. At low stoichio- 
metric ratios the amount of oxidant consumed ap- 
proaches the value expected for the oxidation of 
the mercapto groups to disulfide, but the stoichiom- 
etry observed at higher reagent protein ratio 
bears no definite relation to the mercapto group 
content. Accordingly, we believe that the value 
for this quantity found with p-chloromercuriben- 
zoate or N-ethylmaleimide should he preferred 
to that obtained with oxidizing reagents. 
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