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uMMARY A newly found enzyme, tentatively named the bluret-hydrolyzing
enzyme or bluretase, was isolated from Mycobttc/err",, I I'd, me and purified 28-

fold. The properties of this enzyme were investigated in detail and the follow-
ing results \\, ere obtained.
I) The optimunT pH of the enzyme is about 9.5
2) The most purified enzyme preparation is strictly specific for bluret, among

the compounds tested.
3) He afj, metal ions, suclT as Ag', Hg", Pb" and A1n", Inhibit the enzymatic

activity more than 85 per cent.
4) A low concentration of Ichloromercuribenzoate completely Inactivates the

enzyme, and its activity is restored by addition of glutathione or cysteine.
These results suggest that a SUIfhydryl group is essential for the enzyme
activity.

5) Although magnesium 101\ has ITot been confirmed to be an activator, it shows a
slight activating effect on the enzymatic activity and restores the activity after
inhibition by ethylenediaminetetraacetate.

6) The Michaelis constant of this enzyme was calculated to be 6.1 XIO~" A. I.
7) Results indicate that bluret is decomposed by the enzyme into ammonia, carbon

dioxide and Lirea.
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INTRODUCTION

During investigation of the decomposition of
amide compounds by mycobacteria, we found
that suspensions of some mycobacterial strains
(My cobncterit, 111 rollne, Mycohorte, 'I'm^I dor"?11,
styai" a-62 and an 1411c/ass!fed Inycobncterz'a,
sti'alit Ya, 11n"loto-S) were able to decompose

* An outline of this \\. ork was reported at the 39th
i\leeting of the Japanese Society for Tiiberculosis
on April 6, 1964, in Tokyo

bluret and liberate ammonia. Previously, the
only report on the enzymatic decomposition of
bluret has heelT on its SIo\\, decomposition by
crystalline urease (SHA\v and 1<1sTiAKowsKY,
1950). Our studies (SHOJI and NisHiHARA,
1962) on the bluret-hydrolyzing reaction using
M. doiu"I, stya!'" A-62, which had no urease
activity, indicated that there is a specific enzyme
(the biruret-hydrolyzing enzyme or bluretase)
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which is distinct from urease. About five

months after our report, \VHFLDON and XIAc-
DONALD (1962) reported that Pseudomo, Ias
del'ifgz'"ore could utilize biuret as a sole nitrogen
source, and that the bluret-llydrolyzing enzyme
was inducible. However, they scarcely re-
for red to the properties of this enzyme.

The present study is on the purification
and properties of the enzyme of M. lande with
the hope of obtaining new enzymological and
bacteriological findings.

AllATERIALS AND METHODS

I. 01gn, 11'311,
M. Inline \\, as used throughout this \\, ork. It \\. as

both bluret- and tirea-hydrolyzing activity. M
fitii, ,11, stinJ, I A-62, used in the previous \\'ork, \\. as
not emplo\, ed because it \\as found to lose its bluret-

hydro1}, 21ng actrvity from sontc Linl<nown reason
2. 0111ti, I e 111edr, ,, 11

The medium used in this \\. on< contained the fol-

lowing constituents in distilled \\. titer : NICat extract

(\\:ark6) I per cent, polypeptone (\\'ak6) I per cent,
\aC103 per cent and glycerol4 per cent. The pH
\\'as adjusted to 6.6 with NaOH. The mediunT \\, as

sterilized in an autoclave (120'C, 20 minutes)
3 . Che, 111cn/s

All chemicals employ, ed in the present invest inarion
were of analytical grade. Bluret (I*:H"CoxHCO-
\Hg, molecular weight 10309) and urease (from Jack
beans) \\, ere obtained from \\Ink6 Pure Chemical In-
dustries (Osaka), and the bluret wars used \\. ithout
rocrvsta1112ation

+. Mensi, I eiiieii! of 6,111'et-/, yd, o1ys!', I" e, ICJ, 111e nc!It^'Iy
The enzyme activity, was determined by estimation

of \H, formation by Con\\. a},'s micro-diffusion
method (1933) and Russel's indophenol nTethod
(194+) modified by IMAi (1958), usintr solutions of
recr>, stallized ammonium sulfate as standards. A
Hitachi EPU-2 Beckmann type spectrophotometer
\^as LISed in the colonmetric assay procedures. The
standard reaction mixture \\. as composed of bluret
(0.005 AD, pH 9.5 glycine-N"01-I buffer (0.05 xi) and
enzyme in a total \, o1ume of 20 in I. To prevent

release of NH3 from the reaction mixture into the air

during the incubation period, a small Thunberg tube
was emplo}, ed, containing the reaction mixture in the
main chamber and 0.5 inI of 2 N H, SO solution in

the side arm. Incubation \\, as carried out at 37'C

for 30 mintites. Then the H, So, solution \\. as
poured from the side arm into the main chamber and

the mixture \\, as shaken to stop the reaction. Then
samples of 0.5 inI \\, ere \\, ithdrawn for estimation of
NHa. All estimations \\, ere made in duplicate or
triplicate

5. Demii!Ib"s of elky, ,!e 1,111't rind specific ticti'Lily
Under the experimental conditions described

above, the amount of enzyme which liberates one
micromole of I. ;H, in 30 minutes is defined as one
unit of enz\. me

The SPCcific activity is expressed as units per
milligram of protein

6. Armj, off, Die!', I content
Determination of protein concentration \\. as made

by Lowr\.'s method (1953), using crystalline bo\, me
serunt albumin as a standard

7. Piepni'fillo, , of the bncteiin/ sillye, ,5,011
Cells grown on glycerol broth were collected on a

EUechner funnel and \\ashed \\ell \\, ith cold distilled
water Lisinq a suction pump. The \\. fished cells \\'ere

blotted with filter papers to reino\, e the moisture and
weighed. Using glass beads, a hornogeneotis sus-
pension in distilled water was prepared fronT them
This suspension \\, as centrif\Igcd at 3,000 rpnt for
10 minutes and the resultin, , supernatant \\, as dis-
carded. This procedure \\, as repeated at least three
times Lintil the supernatant did not give a color with
I\ essler's reagent. Finally, the cells \\, ere resuspend-
ed in distilled water at a concentration of approxi-
mate1\, 20 ing per inI (\^et \\'eight). The dfj, \\'eitrht
of the suspension \\'as estimated by dryintr a mens-
ured \, o1ume to constant \\. eight at 120'C

8. Piepni'nil'oil of cn/'11/1, , phDsphnte gel
Calcium phosphate gel was prepared by the meth-

od of 1<F1LiN ai, d HARTREE (1951). The dry, \\'eight
of the gel suspension \\. as about 13 ing per inI

9. Zone-elec!, ON^o1esi's

Zone-electrophoresis Lisiiig potato starch as a sup-
porting medium \\. as applied us a last step in the
purification procedure folio\^ing the method of
YoxEDA and FUKUI (1961), originally described b}.
KuxKrL and SLATER (1952). Zone-electrophoresis
w'as carried out in bornte phosphate buffer, pH 8.3,
ionic strength 0.1 under constant conditions with a
potential gradient of 2 in A1cm' for 15 hours

After electrophoresis, the starch block \\, as cut into
segments of I centimeter \\, idtlT and each segment \\, as
eluted twice with a 5 inI ajiquot of 0.1 M buffered
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saline (pH 7.0). Each elLinte was filtered through
fluted filter paper, and its activity and protein con-
tent were assn\'ed

RESULTS

I. mildt!'0" in the him'et- o11d Mien-/Iydi'o1y$171o
netititits of Millig ct, /lionti'o11 of I, /. lullne

\'o1umes of 80 in I of glycerol brotll medium
in 300 inI ETlenmeyer flasks \\, ere autoclaved.
Then one loopftil of the pellicle of a 4 day, old
culture in glycerol broth \\, as in DCulated into
eacl} Hasl< and the flasks \\, ere incubated at 37'C.

At intervals, the cells of two flasks \\. CTe col-
Iected and a bacterial suspension was prepared
fronT each as described in the MATERIALS AND
NILTHODS section.

The biuret- and urea-hydrolyzing activities
of the bacterial cells \\, ere expressed as micro-
moles of NH3 formed per 21, ours per milligram
dry \\, eight of bacilli. The following assay
systcms \\, ere Lised : For. measurement of
biurct-hydrolyzing activity, biuret (0005 A1),
pH 9.5 gly. in, -N, OH buffer (0.05 M) and
0.5 inI of bacterial suspensioiT in a total volume
of 2.0 inI. For urea-I^, drolyzing activity, urea
(0,005 AD, pH 7.5 ph. *phat, buff. " (0.05 AD 2. Dr'$11'26wti'o71 of Ihe him'et-/Iydi'o6,317ig
and 0.5 inI of bacterial suspension in a total e, 13n, lie In subce/h, /di' lidcli'o713
volume of 2.0 inI of reaction mixture. The After 8 days culture o1\ glycerol broth medi-
yield of bacilli was expressed as grams dry urn cells of AJI. irume \\, ere ground in a mortar
weight. witlt an equal \, o1ume of quartz sand and extract-

As showiT in Fig. I, the growtl\ of 111. I'd, !, If ed with 5 volumes of 0.05 xi phosphate buffer
on glycerol broth medium reaclies a maximum (pH 7.5), and then the extract \\ as fraction ated
in 4 days. Urea-hydrolyzing activity is great- by centrifugation. Table I shows that bluret-
est in the early stage of cultivation, and then ase activity is present in the super natant
decreases \\, ith time. On the contrary, the obtained by centrifugatioiT at 105,000 x u for
bluret-hydrolyzing activity increases with the 60 minutes, that is, in the soluble fraction.

TABLE I Distil'bNtz'on of 621,121-hydi'o11,22nu e"2j, "Ie 271 sNbce//111ni' 11nc!tons
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FIGURE I \/anation in tite Biuret- and Lirea-Hv-

drolyz:rig Activities during Cultivation of M. Innne
.- --- - -. yield of bacilli

- -O blurct-hydrolyzing activity.

A-- - - -A urea-hydrolyzing activity
NICdiuin : + per cent glycerol broth medium
Details arc described in tlTe text

\

q

A

.d

\

" \
e

2

\

14

8

7

6

5

4~

3 t;
<

2

I

b

cultivation tinTc and reaches a nlaximum o1t the

8th day. These findings strongly suggest that
the biuret-hydrolyzing reaction is catalyzed
by, a specific enzvme \\, hicll is distinct from

These results also indicate that anurease.

8 day, old culture is the ITtost suitable for ex-
traction of bluretase.

>.

2.

3

4

5

Supernatant after centrifugation at 900 x g, 20 min
Supernatant after centrifugation at 14,500 x g, 40 min
Precipitate after centrifugation at 14,500 x g, 40 min
Supernatant after centrifugation at 105,000 x g, 60 min
Precipitate after centrifugation at 105,000 x g, 60 min

Subcellular fraction

NisHiHARA, H. , SHOJI, K. and HDRi, M. Bi"yet-Hydro!ysi"g E"gyme fro"! M. ran@e

Total

protein
ing

29.66

25.60

O. 90

22.42

0.78

Total
units

113.60

10086

o

91.92

o

Specific
activity

unitslmg

3.8

3.9

o

4.1

o

Recovery
%

100

90.0

o

88.8

o
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3. Puffy7cntt'on of the biui. et-hydrobJgt'"g errzyi, Ie
All procedures were carried out in the cold.

Step I . F1, epa, ,atio" of the crwde e:ctr@ct
An 8 day old culture of M. ra, JRe grown on

gly. erol broth medium (1,220 g, net neight)
was collected and washed \\, ith cold distilled

water. The washed cells were ground in a
mortar for one hour with an equal volume of
quartz sand and extracted with 2 volumes of
0.05 M ph, ^phat, buffer (pH 7.5). Th, ,x-
tract was centrifuged at 8,100 xg for 20
minutes. The precipitate was Teextracted
with 0.5 volume of the same buffer and the

supernatant obtained by centrifugation was
combined with the previous super natant. The
combined super natant was then filtered through
fluted filter paper and centrifuged at 14,500
xg for 30 minutes. The resulting superna-
tant was again filtered through filter paper and
the filtrate was dialyzed against 0.05 M phos-
phat, buffer (pH 7.5). A ."ud, ,^truer of
2,548 inI was obtained (protein concentration
6.02 ing!inI).

Step 2. T, 'eat7Jze"t colt/z plot", nine surate
An approximately I per cent solution of pro-

tamine sulfate neutralized with NaOH was

prepared. The amount of protamine solution
req\lired to remove nucleic acid completely
was determined on a 5 inI sample of the crude
extract. One-fourth of this quantity (38.1 inI
of protamine solution) was added to the crude
extract of 2,543 inI, because the bluretase
protein had a tendency, to precipitate by con-
jugation with protamine on additioiT of a large
quantity of protamine. The precipitate was
removed by filtration and 2561 inI of in-
trate was obtained (protein concentration
4.50 ingjml).

Step 3. Fz'i'st 11'act!'onrrt, 'o11 colth u"'71/07/11, ,, I
rurale

To the filtrate from the above step, saturated
sulfate solution adjusted to pH

6.5-7.0 with NH, was added to give 30 per
cent saturation. After standing the mixture
overnight in the cold, the precipitate was
removed by centrifugation. The second pre-

cipitate, obtained by increasing the ammonium
sulfate concentration to 50 per cent saturation
and standing the mixture overnight, was col-
Iected by centrifugation, dissolved in 0.05 M
ph. ^phat. buffer (pH 7.5), and duly". d ,gymst
the same buffer for 2 days. A slightly turbid
brown solution of 71.3 inI was obtained (pro-
teln concentration 27.40 inglml).

Step 4. Adsoipti'on of I'M!puntz'es by calcz'Mill
phosphate gel

The enzyme preparation obtained in step 3
was mixed \\, ith 0.3 volume of calcium phos-
phate gel, prepared by 1< Gilln's method. After
stirring the mixture for 60 minutes, the gel
was removed by centrifugation. A brownish
solution of 102 inI (protein concentration 13.20
ing!inI) was obtained.

Step 5. Secondfi'actz'o71nt!off alith onini0?111,111
sulfate

The super natant fluid from the preceding
was refraction ated with saturated am-step

monium sulfate solution by the same method
as in step 3. A clear dark brown solutioiT of
14.8 inI (29.80 ing!inI) un, .binined.

Step 6. Zone-electi. opho, .esi's
As a last step in the purification, zone-elec-

trophoresis using potato starch as supporting
medium was employed as described in the

ammonium
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=i
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specific activity
Condition : Botate phosphate buffer (pH 8.3, Ionic
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MATERIALS AND METHODS section. The pre-
paratioiT in step 5 \\, as dial}, zed overnight
aoainst borate phosphate btifTer (pH 8.3, ionic
strength 0.1), diluted \\, itIT the same buffer to
a concentration of I-2 per cent protein and
5 in I of the diluted dialyzate was charged on
a starch block prepared in a plastic cell (7 x40
x 1.5 cm). It ITad been confirmed that there
was no appreciable loss of activity due to
adsorption on the potato starch.

TIT all cases an electrophoretic pattern similar
to that shown in Fig. 2 was obtained. Frac-
tions of high activity ITad moved far to the
anodic side. The most purified fractioi\ ITad
about 78-fold the specific activity of the crude

TABLE 2 Sinn, Ji, 11'y of PHI'tricotzon PIOcedui'es

extract. The eluates in tube Nos. 17-19,
w. hicl\ \\, ere highly purified, \\, ere collected in
a cellophane bag and dialyzed against 70 per
cent saturated ammonium sulfate solution for

2 days.
The resulting precipitate \\, as collected by

centrifugation at 14,500 xg for 30 minutes,
di^,. I, .d in 0.05 M ph. ^phat. buffer (pH 6.0),
and dialyzed for 2 days against the same buffer.
A clear \\, hite preparation of 10.4 inI (protein
concentration 2.7 inglml) \\, as obtained. This
preparation had been purified 28-fold, as
showi\ in Table 2, but its yield of 5.2 per cent
was not satisfactory.

The preparatioiT in step 610st about 50 per

2

3

+

Crude extract

Protamine treatment

First (NH, ), So, fraction ation 30-50% saturation
Calcium phosphate gel treatment
Second (NH, ), So, fraction ation 30-50% saturation
Zone-electrophoresis (NH4)2SO, precipitation

>

6

cent of its original activity within a fe\\, days
at -20'C. Addition of glutathione or cys-
telne to the preparation I\ad little effect on its
stability. The ultraviolet absorption spectra
of this preparation had a characteristic peak
at 280 inn identical \\, it IT that of a pure protein
solution. The ITUcleic acid content in the

most purified preparation calculated from the
2801260 in!! ratio (\\'ARBURo and CHRISTIAN,
1941) \\, as 0.9 per cent

Though higlT activities of amidases acting
on formamide, acetamide and acrylamide were
found in the crude extract, the purified enzyme
preparation in step 6 did not have these ac-
tivities, Indicating its purity.

The preparations obtained in steps 5 and 6
were employed in the following experiments.

4. PI. opei'ties of Ihe brinet-hydrobJsz'"g e, 12y", e
I) optimal pH
The effect of pH on the enzyme activity, was

Step

Total

protein
1.1g

15,300 .3

11,524 .5

1,954 .O

I, 345.8
441.2

28.4

Total
units

26,014 .9

24,667 .5

17,586. I

13,996 .O

8,250 .2

1,352 .8

Specific
activitv

unitsjmg

,-\

4. O

=
Q
,>
^
in
*

C

1.7

2.1

9.0

10.4

18.7

47.6

Purlfi- Yield

96cation

3.2

E 2.4
=~

1.2

5.3

6.1

11.0

28. O

.^

^

= 1.6

100

94.8

67.6

53.8

35.6

5.2

C
^

= 0.8
I

NisHiHARA, H. , SHOlI, 1<. and HORi, I\I. Bi"yet-Hydrolysi'"g EMSy"!e fro, ,, M. ranne

o

FIGURE 3 Effect of pH

Enzyme Activity

. --------. in 0.05 xi glycine-NaOH buffer
- - - x in 0.05 A1 Tris-HCl buffer

Reaction mixture : Biuret (0005 xi), buffer (0.05 \I),
enzyme (at step 6, 72 11g protein) ; total volume
2.0 inI

4. ..'

7. O

,/
I

X-

8. O 9. O

pH

10.0 11.0 12. O

on Bluret-Hydrolyzing
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investigated with the most purified enzyme
preparation. As seen in Fig. 3, the pH-activity
curve is fairly sharp and the pH optimum in
0.05 M glycine-NaOH buffer is nearly 9.5.
Bluretase shows stronger activity in glycinate
buffer thai\ in tris (hydroxymethyl) aminometh-
ane (Tris)-HCl buffer, as seen from its activity
between pH 8.6 and 8.8.

2) Heat stability of the 61'"yet-hydrob^2174g
ensy?, Ie

The heat stability of this enzyme \\, as ex-
amined witll preparations at steps 5 and 6. As
shown in Fig. 4, both preparations are fairly
stable on being heated at 50'C for 5 minutes.
However on being heated at 60'C for 10
minutes, the preparatioiT at step 6 loses about

Enz> me activity (itH, formed A moles/30min. )

3. O2. OI. O
Heat

treatment

Unheated

( Control)

5013,5min

50t:, loinin

60t:, 5min

60t, loinin

80t:, 5min.

FIGURE 4 a) I{eat Stability of Bluret-Hydrolyzing Enzyme. a) Enzyme Preparation at Step 5
Heat treatment \\. as carried out in 0.05 M phosphate buffer (pH 7.5) at a protein concentration of 0.48 ingjml
After the treatment, the preparations \\. ere cooled in ice \\, ater, and enzyme activity \\, as assayed. The re-
action mixture (2.0 in I) \\, as composed of bluret (0005 xi), pH 9.5 glycinate buffer (0.05 A1) and enzynTe (0.24
ingjml protein)
" Numbers in parenthesis Indicate % loss o1 activity

Heat
treatm ent

Unheated

( C, "IT, I)

50t, 5min

60t, 5min

60C, loinin

4. O

Enzyme activi ty ( N H, formed 14 moles/30min. )

O. 5

80t!, 5min.

FIGURE 4 b) Heat Stability of Bluret-Hydrolyzing Enzyme. b) Enzyme Preparation at Step 6.
Enzyme preparations were heated in 0.05 M phosphate buffer (pH 6.0) at a protein concentration of 61 11glml.
Then the preparations were cooled in an ice bath, and enzyme activity was assayed. The reaction mixture
(20 inI) .. netst"d of biuret (0005 No. pH 9.5 gly. inure buffer (0.05 AD and on"yin. (31 Agjml prot"in).
* Numbers in parenthesis Indicate % loss of actrvity

(0%)*

(0%)

28
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( 14.2%)
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( 0 %) *

( 36.4 %)

( 76.4%)
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76 per cent of its activity, \\, hereas the prepara-
tion at step 5 is comparatively stable (about 14
per cent loss of activity). After 5 minutes at
80'C, both preparations lose their activity
completely.

Both preparations \\, ere most stable at about

TABLE 3 Subs/I'tile specifictlj, of 61tii'et-hj, di'o13,31'rig e"sJ, n!e

Bluret

Urea

XIalonain Idc

\-Acetylurea

Allophanic acid ethylester
Carbamic acid (\a salt)
Formamide

Acetamide

Acrylamide
Oxamidc

Succinamide

1.3-Dimethylurea

Cyanoacetamide
I-Acetyl-2-thiourea
Thioscmicarbazide

ISObutyramide
Allantoin

Substrate

pH 6.0, but at below pH 4.0 they \\, ere Inacti-
vated rapidly.

3) 8116strn!e $pecjjicity
Among the compounds tested, the most

purified enzyme preparation had absolute
substrate specificity, as shown in Table 3.

Chemical structure

\H, CONHCONH2
NH*CONH,

xH. cocH, CONH"
cH, CoxHCO\H.
\H, CONHCOOC2Hs
\H"CooNa

HGO\H,

CH, CONH,

CH, CHCO\H.
NH, COGONH2
\H. cocH, cH, coxH,
CH3NHCOi. :HCHa
CNCH"CONH"

CH, CONHCSNHz
NH, \HGSNH,

(CH, ), CHCONH,

Phenylurea

' Enzyme activity \\. as expressed as , moles of NHa formed per 30 min
Substrate (0.01 xi), pH 9.5 glycinate buffer (0.05 \I) enzyme (at step 6, 90"g protein) ;Reaction mixture

total volume 2.0 in I

A'Ialonamide and N-acetylurea, closely analo-
gous in structure to bluret, are not utilized as
substrates. It \\, as also confirmed that this en-

zyme is not identical \\, it}\ urease, because urea
is not hydrolyzed by the purified preparation

+) Inhibition of the brinet-/DJdi'o4^si"g eii-
gyiiie by tdi'lows agents

The following experiments were performed
with the preparation at step 5, and the results
are shown in Table 4.

He a^, metal ions such as Ag', Hg',, Pb2-
and A-In" cause more than 85 per cent In-
bibition of the enzyme activity. At a con-
centration of 2.5 x 10~' itI, magnesium 10n
causes slight activation, but has no effect at a

Enzyme activity"

NH*CONHCH-NH
I \co

co- NHI
C, H, NHCONH,

4.06

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

concentration of 5.0 x 10~' itI. Ho\\, ever, the
degree of activation by magnesium ion varied
with the experimental conditions. Hydro-
quinone \\, hich strongly in ITibits urease also
inhibits bluretase strongly. The enzyme is
inhibited completely byp-chloromercuribenzo-
ate (PCI\TB) at a concentration of more than

Ethylenediaminetetraacetate2.0 x 10~4 A1.

(EDTA) cous. , 20-30 p. , rent inhibiti. n, but
the degree of inhibition varied in different

Urea and in alonamideenzyme preparations.
tested as possible competitive inhibitors,
caused inhibitions of about 18 and 11 per cent,
respectively. However, to decide \\, hether
these compounds are actually competitive in-

NisHiHARA, H. , SHOJI, K. and HORi, i\I. Binret-Hydro!yst'"g E"sy, "e fro"I M

o
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TABLE + 11th thinon of bam'et-hydro/yang errsy"re by ?;air'ONs rigeitts

None (control)
CUCl,

AgNO3
HgCla
Pb(cH, coo),
MnS04
ZnCl*

NICl"

CoCl2

CaC12

I\IgClg

inhibitor
Inhibitor

concentration

NIOle

Hydroquinone

SodiunT salicylate
Guanidine hydrochloride
p-Chloromercuribenzoate

o

2.5 x 10-a

2.5 x 10-4

NHa formed
A moles 130min

I,

,,

Ethylenediaminetetraacetate

,,

3.95

I. 51

0.03

o

0.19

0.67

I. 74

3.06

3.22

3.91

3.95

4.87

O. 23

3.21

3.57

o

o

o

2.83

3.12

3.00

2.82

3.22

3.50

I,

Urea

I\Talonamide

,,

,,

5. 0 X 10~3

2.5 x 10-4

I . O x 10-a

Reaction mixture : Biuret (0.005 \I), pH 9.5 glycine-NaOH buffer (0.05 A1), enzyme (at step 5,0.23mg protein),
inhibitor ; total volume 2.0 in I

Inhibition

%

,,

,,

61.8

99.3

100

95.3

85.3

55.9

22.5

18.5

10

o

,,

5. 0 x 10~'

2. 0 x 10-4

I . O X 10~4

I . O x 10-s

I . O x 10-a

I . O x 10-4

I . O x 10~'

TABLE 5 Renctz'?, at1'0" of bam'et-hj, di. o1yzz',?g e"23, "Ie 2'77ttctzboled bj, PCMB and I'estoi'titz'on qf
inhihitzbii by EDTH

,,

(Activation)
96

Inhibitor

Control

PCI\IB 2.0xi0-4, ,

I . O x 10-a xi

2. 0 x 10-I xi

I - O x 10-a xi

EDTA 1.0 xio-a xi

,,

94.3

18.7

9.6

100

100

100

26.9

20.9

24.1

28.5

18.4

11.4

NH, formed
A moles 130 min.

Reaction mixture : Bluret (0005 \I), pH 9.5 glycine-NaOH buffer (0.05 itI), enzyme (at step 5,0.23 ing protein),
inhibitor, (with or without activator) ; total volume 2.0 inI
Reactivation test : Enzyme solutions (0.16 ingjml protein) \\, ere preincubated with the inhibitors at 37'C for
5 minutes, and then the activators were added and the enzyme activity \\, as measured

(233)

3.95

o

o

o

o

3.00

Inhibition

96
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100

100

100

100

24.1

Reactivator

Glutathione I. 5 XI0-2 xi

2. 0 x10-2 xi

I. 5 x 10-2 xi

2.0xlO-' xi

I OxlO~'v

Gysteine

A, IgS04

\H, formed Reactivation
" moles130 min. %

4.40

4.84

4.36

5.70

3.95

111.4

122.5

110.5

144.3

100.0



bibitors, studies o11 the kinetics of a more
purified enzyme preparatioiT will be necessary.

5) Reactibdt!'o11 of the 61/11'et-h}, di'o1y*1110
eJisyi, Ie triteI' Inaction/1011 by PCMB a"d
lustoi'nilo?I of the inhibitioi! by ED Trl

The inactivation caused bv PCI\, IB is coin-

pietely overcome by addition of glutathione or
cysteine, as seen in Table 5. It is suggested
from these data that the SUIfhydryl group may
be essential for the activity of the bluret-
hydrolyzing enzyme, as it is in urease. The
inhibitioiT caused by EDTA is also reversed by
addition of magnesium ion of 10-fold of the
concentratioit of the EDTA. However, it is
uncertain \\, he ther the enzyme requires A1g
101\ for its activity, because both the inhibition
caused by EDTA and the activation caused by,
A'Ig ion \\, ere slight. A10re detailed investiga-
tions are in progress on this problem.

6) 82,631i'ale conceiiti'rill'o11 inId MIC/Iae/^\
coilstd, it

The influence of substrate concentratioiT on

enzyme activity was investigated using the

purest preparation. The relationship between
the initial \, elocity and the substrate concen-
tration is shown in Fig. 5. The Allchaelis-
A, lenten constant calculated from these data

by, a Lineweaver-Burl< plot is 6.1 XIO~' xi.

7) A10de of action of the 61iti'et-hydroly^ting
eiigy"Ie

Bluret could be decomposed by bluretase
by, one of the folio\\, ing three reactions :

15. O

.\
J
,

C

=.

o 10.0

I) NH, CONHCONH,
+2H, O

"-, 3 NH, +2 CO2

.^..,.... . ..

.-,

X

.

= I

11) NH, CONHCONH,
+H, O

^=+NH, + NH, CONHCOOH
(allophanic acid)

..

,

I

.

,^.

111) NH. CONHCO\H,
+ H, O

^:---, NH, + CO, + NH, CONH,
(u, "")

>
.-,

5. O

Stoichiometric analysis should be made to
determine \\, hiclt of tliese reactions 11\ fact oc-

CUTS, but it \\, as impossible to find an easy and
specific assay method for bluret, so that indirect
analysis had to be used. The following points
are significant in deciding \\, hich of the three
reactions acttially occurs :

(1) Only in reactioiT lis the molar evolution
of NH, greater than the itTDIar concentratioil of
bluret initially present in the reaction mixture.

(2) If additional ammonia is formed on
addition of urease to the reaction mixture at

the end of the reaction, reactioit 111 has pro-
bably occurred.

(3) If reaction 111 occurs, the molar ratio
of NH, to CO, should be one.

(4) In reaction H no CO, evolution should
be observed unless the allophanic acid is sub-
sequently decomposed

Taking these assumptions into consider a-
tion, the following experiment \\, as carried out :
Using an initial concentration of bluret of
211 moles, !inI in a total volume of 4 inI, the
amount of NH, liberated from the bluret was
followed during an incubation period of 150

10. O

ISI (xio~'Aji

FIGURE 5 Effect of Substrate Concentration on

Bluret-Hydrolyzing Enzyme Activitv
Enzyme at step 6 \\. as used. The NIIchaelis con-
stant \\. as calculated from a Lineweaver-Burk plot

o
5. O

K\! : 6.1 xlO~' xi
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minutes by assay of 0.5 inI ajiquots at various
intervals. At the same time, the amount of
NH, released from the reaction mixture into
the air, although very small, was checked by
an experiment in a Thunberg tube. After the
150 minute incubation period, the reaction
mixture \\, as heated at 100'C for 10 minutes to

stop the reaction, and then an equal volume of
urease solution was added to the reaction mix-

ture at a final concentration of 2 inglml. Then
the mixture \\, as reincubated to allow for further

ammonia formation. As shown in Fig. 6, the
amount of ammonia produced during the first
incubation period was not more than the initial
bluret concentration of 214moles per inl, and
much ammonia formation was observed on

addition of urease. These results suggest that
bluret is decomposed through reaction 111.

To confirm the above conclusion, a further

e 5.0
~\
"
.

TABLE 6 Quanta'tatz'"e analysts of onIn20nz'a rind cni'bon dzbxzde 12beintt'on 11'077z bziti'et by 6,141'et-
hydi. o1y2?'rig e"23, me

E 4.0
E
a.

~30

Experiment

,

. 2.0

;:: I. O

L-

30 an 90 120 150 180 210 240 270

Reaction time jinin. )

FIGURE 6 Mode of Action of the Biuret-Hydrolyz-
Ing Enzyme
Details are described in the text

Reaction mixture of A Bluret (211 moles jinl), pH
9.5 glycinate buffer (0.05 A1), enzyme (at step 6, 680
I!g protein) ; total volume 4.0 in I
Reaction mixture of B : Biuret (2 , moles jinl), pH
9.5 glycinate buffer (0.05 \I), urease (2 ingjml) ; total
volume 2.0 in I

2

initial suhstrate
conceiitration

He"led (100' C, loini";
Urease added

Reaction time
In Inutes

A

3.

10

20

60

40

50

80

20

30

4

NHg formed*
A moles

* Ammonia \\, as measured by Conway's micro-diffusion method and Russel's in do phenol method modified
by D/Ai
** Carbon dioxide \\, as estimated by the warburg manometric method. The reaction mixture in a \\:arburg
Bask \\, as as follows

ATain chamber ; pH 7.4 Tris-HCl buffer (0.01 Al), 1.7 inI enz}, me solution (at step 5), 0.5 in I
; bluret solution (27 11 moles jin1), 0.5 in ISide arm I.

Side arm 11. ; 4>; HeSo, , 0.3ml
total volume 3.0 inI, incubation at 37'C

B

1.35

I. 77

5.28

273

3.78

6.66

2.85

3.90

4.08

6.51

I. 47

2.46

3.96

5.28

5.55

,,

40

20

30

45

60

70

CO2 evolution*"
I, moles

32

I. 13

1.47

6.21

2.63

3.25

4.83

4.10

5.28

5.01

6.22

I. 86

2.44

3.39

5.10

6.43
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NH, !CO,

I. 19

1.20

O. 85

1.04

I. 16

1.38

O. 70

O. 74

O. 81

I. 05

O. 79

I. 01

I. 17

1.04

0.86



experiment was carried out : The amounts of
NH3 and CO, produced \\, ere estimated at the
same intervals during the incubation period.

Carbon dioxide \\, as measured manometrical-

Iy in a \\'arburg manometer (Urnbreit at a/.,
1951). However, alkaline buffers, suclT as pH
9.5 glycine-I*!aOH buffer, contain large quan-
titles of CO, , so there is ntuclT Co* evolution
from the blank containing no enzyme. There-
fore, 0.01 xi Tris-HCl buffer (pH 7.4), \\, hich
contained less than one-half of the Co, of
glycinate buffer, \\, as used. A I}igl\ concen-
ITation of the partially purified enzyme prepara-
tion at step 511ad to be used, because the most
purified preparation had 10\\, activity in Tris
buffer, pH 7.4. Table 6 shows that the molar
ratio of ammonia to carbon dioxide found \\, as
nearly one' On the basis of these results, it
seems likely that one mole of biuret is ITydro-
11, zed by bluretase into one ITTole each of am-
monia, carbon dioxide and urea. However the

possibility that allophanic acid might be formed
as an intermediate product Ilas ITot been ex-
cluded.

degree of inhibition, to the enzyme prepara-
tioiT prevented the denaturation of bluretase,
probably by chelating \\, ith he an, metal ions,
some of \\, hich inhibit biuretase strongly. To
obtain a better yield during the purification
procedures, \, arious methods, including column
chromatography, are being in\, estigated. Pre-
11minary tests of Sephadex G-100 and G-200
columiT chromatography, indicated tliat the
molecular weight of biuretase is in the range of
100,000-200,000. The ISOelectric point of the
protein molecule of bluretase seems to be quite
low because the enzyme Is precipitated by
protamine, and also because the enzyme moved
rapidly to the anode during zone-electrophore-

But most of tlle physicochcmical pro-
perties of the enzyme are still unknown.

\\'it IT regard to the mode of action of the
bluret-hydrolyzing enzyme, it is concluded
from tl\c present results that bluret is decom-
posed by the enzvme into NH , CO2 and urea.
However, \\Iheldon at a/. reportcd that witlt a
preparation of fragmented cells of Pseudo, ,10"us
ttei'ugi, loin bluret was ITydrolyzed \\'it!I the stoic-
hiometric release of 3 moles ammonia per mole
of biuret. This suggests that the properties of
these two bluretases from different 11acteria

are not the same. In support of this, the pH
optimum of the bluretase from Pse"dollio, iris is
7.5, whereas that of the bluretase from M. I. rinde
was found to be 9.5. The preparations Lised
by, \\;heldon at n/. were crude and \\, ere pro-
bably contaminated \\, itIl a considerable amount
of urease, so that the possibility that the two
reactions overlapped cannot be ruled out, as
they, themselves pointed out.

The urea-hydrolyzing activity, of 11/1. Iw, ine
growl\ on glvcerol broth medium decreased
witlT the length of the cultivation period, while
the biuret-hydrolyzing activity increased and
reached a maximal level after 8 days (Fig. I).
These results suggest that there is some relation
between urease and bluretase.

The role of the bluret-ITydrolyzing enzyine
in the metabolism of mycobacteria is still ob-

It has ITever been reported that bluret,
an artificial derivative of urea, \\, as a metabolite

DISCUSSION

The previous report \\, as on the biuret-decom-
posing reaction showi\ by some strains of myco-
bacteria. A1. nor'11/11, $11wi', I ,I-62 \\, as LISed and
evidence for the existence of a ITe\\, enzyme,
tentatively named the bluret-hydrolyzing en-
zyme or biuretase, \\, as presented. 11\ the
prescnt \\, ork, this enzyme from All. Jinine was
purified and its properties were investigated
witll purified enzyme preparations. 11T addi-
tion, the absolute specificity of this enzyme to
bluret has been established using the purified
enzyme preparation. The purification pro-
CGdures employed in this \\, ork, ITowever, were
unsatisfactory because the yield \\, as poor. To
find more suitable punficatioiT procedures, the
stabilizing effects of various agents on biuretase
were examined. The addition of glutathione
or cysteine to the enzyme preparation had little
effect on its stability. Recently it \\, as shown
that addition of EDTA, \\, hich exhibited a low

SIS.
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or constitutent of bacteria. However the bi-

uretase activity of mycobacteria was constitutive
and addition of biuret to the medium did not

cause an elevation of its activity. On the other
hand, so far as tested, this enzyme is strictly
specific for biuret. In view of these facts, the
question arises of why this enzyme is synthe-
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