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Sumiwrar. Urease fromi jack bean maeal and hydrated seeds has been obtailled in 25
to 33 % yield with specific activity in the range of 1000 to 1070 units/mg protein. A
purificationi of 100 to 130-fold was achieved from meal and fully soaked seeds. Use
of ,8i-mercaptoethanol and EDTA was found essential to obtain this high yield and purity.
Amiiino acid anialysis showed all 18 amino acids commonilv found in proteins. Electro-
l)horesis of uirease from soaked seeds (specific activity: 1025 uniits/mg protein) oln a
starch-gel block showed 2 peaks. Uponi ultracentrifugatioln of urease samples having
a low specific activity (less than 25 % pure), the maior l)ortion of the urease was
probably present in a peak having a sedimentatioil value of 11 to 12. \With relativelv
pure samnples (:55-100 % pure). S values in the range of 18 to 20 and( 24 to 26 Were
obtained. Usually the purest samples of urease teste(d without alny prior storage lacke(d
the 24 to 26 S peak or the higher polymeric forms. The percentage areas under lollne
of the ultracentrifuge peaks corresponded to the percenitage purity of the sample analyzedl.
It is arguedl that the physical state of urease in the cell when associated with other seedl
proteins is as vet unccrtain. In crude extracts, a l)ortion of urease exists in a 12 S form
but so far data on1 its origin an(l specific activity in relatioln to other species of urease
are not availahle.

Urease is of wide occurrence in bacteria, funigi
and higher plants (2, 23, 30). Sumner (28) and
Varner (31) have thoroughlv reviewed the literature
through 1960 in this field. Some recent work oln
urease has been on standardizing (6) or slightly modi-
fying (24) the original method of Sumner (27) to
get reproducible results. The latter procedure. or
described modifications of it, are, however, applicable
only to meal derived from a jack ibean variety long
cultivated in the United States because of its high
urease conten-t. Japanese workers (9-lO) have suIc-
cessfully obtained crystalline urease from jack bean
meals (Cainazalia cuisiforninis, var. gladiata) possess-
ing low ini'tial quantities of urease. Gorini et al. (7)
have made chemical studies on the niumber of methi-
onyl, cystinyl and cysteinlyl residues per mole of
urease and attempte(I to dissociate the molecule into
monomers by treating with guanii(dinie hydrochloride
(8, 19). Hydroxamic acids have recently been found
to be specific inhibitors of urease and, the inactive
hydroxamic acid-urease complex has been isolated
(13) and its properties studied ( 12).
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So far, there has beeni no systemiiatic attempt to
isolate urease from soaked seeds and cotyledons of
young seedlings. All methods referred to above
were designedl for andl work only on (dry meal of
jack bean seeds. In this paper, procedures for the
preparation of highly )urified urease from hydrated
jack bean seeds and commercial meal are reported.

In the hands of different workers, using a variety
of techniques, urease has been showni to have SOw
values ranging from 4 to 7 to as high as 17 to 19, 25
to 27, 34 to 36 an!d 44 to 47 (4, 7, 14, 24, 25. 29). In
crtude extracts from jack bean meal (14) only half
of the urease activity sedimented at the rate ascribed
to crystalline urease (S,Ow of 17-19). The remain-
der of the activity was associated with 3 discrete
components of higher mnolecular weight. Most in-
vestigators, however, conisider the 17 to 19 S com-
ponent to be that of the active enzymlle and believe
that urease molecules exist in higher polymeric forms.

In the present study, sedimentation coefficient.
values for urea,se samples in different stages of puri-
fication will be reported. It is proposed that a por-
tion of active urease may exist in a 12 S fornm.

Experimental Procedures

Determination of Urease Actiz'itv. Enzymne ac-
tivity was determined in micro-Conway dishes (3).
Treatment wN-ith 1 .% siliclad solution- (Clay-Adaml1s,
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Newe York ) l)roxitled a wxater rel)ellent layer that
prevellted the substrate anid en zvnme solutioni drops
fromi sprea(ding andi lniixing before it xvas dlesired
that thev do so.

Ak 0.5% boric aci(d in 20 % alcohol solution coni-

tainiin- ani ini(licator xN-as usetl to absorb the liberated
ammnionia (3 ) A sattirated solutioni of KXCO.) was
eniplovedl to stol) the reactioni after miniiiutes and to
liberate amminionia from the reactioni milixttire. Dif-
fuisioni x-as allowed to occur at rooml temperatuire for
2 to 3 holtirs. Fifty ,ul of 0.05 tirea in phos)phate
buffer. pH 7.0) (2.8 % anhydrous KH.,PO,, anid 6.8 %
anlvdlrotus Na.,HP4 ) anid 25 ,I of tirease solUitioii
l)rolerly (liltted in 0.01 M1 phosphate buffer, p1H /7.0

so that hv(drolysis of the substrate (loes niot excee(l

2)) % level) were l)lace(l side 1b side oni the distal enid

in the leri,pheral ring of thie mlicro-Conwav dlish and(1
the piroximlal side of it containeed 1 ml of satuirated
K,C( ) ,. Th'le central w-ell contained 2 ml of the
boric acid soluitioni ith the inidicator (3). The
nlicro-Conwvav dishes xvere sealedI air tight xvith plate
glass covers which had been smleared oni the edges

xx-itlh greeni suirgical soap. Eaclh tiniit wvas liftedl and

talpl)edl lightly to mix only the test soltitionl aln(l sub-

strate. After minitites' inctibation at room temii-
l)eratture (23 + 1°), each dish xxas tilted1 to mllix
K,(C0. Nwith the reactioln miiixttire and sxirled to get
p)rop)er difftisioii.

The an0iotinlt of ammnionia liberated \xxas nieasuire(l
1b titrating the soluitioln in the cenltral w-ell with

stanl(lard 0.004 NT HCI. The enid poilnt w-as sharp anl(d
readily re producible. Each determiination was repli-
cated( 3 to 4 timiies.

I)e fiizition of ilhe? Urcaset Ulit. Tin the )resenit
;tudlv, onle tli-ease uniiit is (lefiiie(i as the amiioulnt of
enzvnme wvhich Nvill hydrolyze ,uniole of urea per

imiiite at roomii temlpl)eratture ( 23 1°). Onle Suim
eel- nit ( 28) is all)proxiniatelv 7 timies larger tlha

1 In1ternlation1al Enzvnme ulnit (20).
Prcparationi of Dls.A -Cecllulose (Colminn. Select-

acel. DEAE-cellulose type 2)) anid 40. lot 1406 oh-

tiedie(I fromii Carl Selbleiclher an1d Selbtiell Coni,pany,
Keenie, New Hanipshire, was treate(l accordlill- to

the imietlho(d of Petersoni anid Sober (17). After the
last traces of alkali ha(l been removeth 1v washing
with water. the DEAE-cellulose wvas theni suislenldedl

ill 0.05 M, p)hosphate buffer pH 5.8 conltaininigi 500
m1g/liter of EDTA-disodiniim salt dihx drate, _M.W.
372.25 (Alatheson, Colemiiani and Bell) and(I 0.5; mil/
liter of 2-miercaptoethaniol (Eastman Kodak catalogue
No. 4196, Eastman grade).

A columiin of treated DE -kE-cellulose (2.8 X 2.5
ciii) xvas prepared at room temiiperature alndI allowcvd
to equilibrate for 12 to 24 lotirs at 40. G>cnerally
a good equilibration of the coluimiii Nwas obtained Nvith
0.5 to 1.0 liter of the above buffer at a flovy rate of

30 to 40 ml per hour.
Starch Gcl Electrophoresis. Vertical electrophor-

esis oni starclh gel was carr-ie(d out accor(dinig to
Smitlhies (26). Hydrolyzed itarch miianufactured by

Coinnaught MAledical Researchl Laboratories. Canada

anid distributed in the Uniited States by Fisher Scieni-
tific Company, was u-sed in the experimlenlts relported
here. The btiffer antd l)ridge soluitioln tisedi wxere those
of boric acid-sodiumlihdroxidle ( Smiithies, 1IQ.t)59).
A conistanit voltage of 6 volts per cm11 of gel \\ as
al)l)lie(l for 20lhours at 4'. Proteini concentratio)ns
of al)otut 10 mg/iml were nised at the starting poiilt.

Protcin Detcrozinition. The method of Lo\-r\-
et al. (15;) was nsedl for determiiniation oftprotein.
In the first 2 steps of the pnrification l)rocedure, pro-
teini was precilitated fromii solution ngyadadingti

equal -olume of freshly l)rel)are(l 20 % trichloroIacetic
aci(l at roomii temiiperatire.

In tlle last stage of l)turification on D)AE-celln-
lose coltimnii. eaclh 5 to 10 mil fractionl of the elnate
was rea(l at 280 mi,x oni the BeckanI)n1U sl)ectrol)ho
tomiieter. The amiionnlit of protein was calctilate(d fromi
a stani(lar(l ctir\e prel)are(l fromii Sigma uirease p)ox\(ler
V. T'hic variotis ttiles comlp)rising the l)eak of ureaise
acti\itv were pooled aln(d a smiall l)orton (lialvze(l for
protein tleterminatioa 1, Lowry's mlethod (1.5).

Ultraccntrif ig(otiooi. A 0.8 to 1.2 % soltutioln of
enzyme in pH 5.8 phosphate butffer (0.01-0.025 M
containinlg 0.5 mlliter fl-mercaptoethanol anld 0.5
g liter EDTA was analyzed oii a Spinco Alodel E
tiltriacenitriftige it 59.7880 rpm ( 250). h'l'e obsenred
sedimiienitationi coefficielnts were nlot corrected to stail-
dlard co(lditionis. Relati\ve amilotinits of the tliffereiit
coiipoileilts w-ere determinied either by imeauristiri the
areas tind(ler the peaks enlarged from the photographic
l)lates oni graph paper or 1y \weighing ctit otits of
tlle magnified p)eaks on1 a nni form heavy plalper.

A l)eriod of a few hotirs to a imaximunm of about
16 to 20 hotirs tisually elapsed between assay for
ntrease activity and its rim on the tiltraceiitriftige.
Tlnhere was, however, 110 storage involv-ed before the
enzvniatic assay.

Io/1iioo J id .-alv's/'s. IProteiiiinn the eltiate
(0.25 i pI)osplhate btuffer) fromii the D)EAE-celluflose
column in the last stage of l)pirification was preci)i-
tated 1w addintu solid amimoitiniiili slftilfate to saturatioll.
'T' l)recip)itate \\-as dialyzed uintil free of aimilmloilitii
snl fat c. The enz miatic l)rotein tise(l for the amino
acid anialyses Was hy-drolyzed in vacnio with 61) N
IICl for 24 hours at 110 + 1°.

The analyses were carrie( otit accor(liiig to the
gradienit elution miiethod of Piez alnd M\orris (18) oni
a Techniicon Chromobead Type C resiii columnlli mllainl-
taine(l at 600.

Ci stine in the protein was tletermiiied as cysteic
acid accordinig to AMoore's (16) methodl. Trytophan
wx as estimllateI sp)ectrop)hotomletrically by usilln the
Beaven anid Holiday techlnique (1).

Eui.vvmlc Prcparation. Jack beans for the present
investigations wvere obtained in the years 1961 to 1963
fromii M\ r. Ernest N'elson, Route -No. 1. \Waldon.
Arkansc,as. This is the source froim which Sunintier
aiid others have obtained the imiaterial for their work.

See(ds obtainied fromii the above source were soalked
for 2(0 to 24 hiours in xvater anid Qnly those fully
swollent were selected, hulsked anid frozein at-20).

568(



SEHGAL AND NAYLOR-UREASE DERIVED FROMI J-ACK BEAN SEEDS

A loss of approximiiately 3 to 5 % in urease activity
of the soaked and frozeni seeds occurred during a
storage period of 4 to 6 mionths. Seeds stored for
more than 3 months were discarded.

Acetone used in the various steps was redistilled
at 56.50 after treating with a small amount of potas-
sium permanganate and anihydrous potassium car-
b)onate.

The purifi. 'ition procedure employed for Sigma
jack bean meal and soaked seeds is outlined below.

1 anid 2a. Hoinogycuiiation anid Aquieouts Extract.
The stored cotyledons were homogenized in a Waring
blendor witn 1.5 ml of a water-mercaptoethanol mix-
ture per g of cotyledons. Mercaptoethanol was used
at the rate of 0.5 nil per liter of water. The homog-
einate was filtered tlhrouglh a double layer of cheese-
cloth and finally squeezed by hand. The residue wvas
blended a second timze with the samiie volume of water
anid processed as above. Both of the extracts were
miiixed and centrifuged for 30 minutes at 13,000 X g in
a Servall MIodel RC-2 centrifuge. The residue was
discarded anid the cold supernatant treated with 0.6
volume acetonie. Precipitation with acetone was un-
niecessary when Sigma jack bean miieal was employed
as the starting material.

2b. Acetone Precipitation (0.6 vol). Acetone,
chilled to -20°, was used in this step. The aqueous
extract was brought to about 10 and kept in a salt-
ice mixture bath maintained at about - 100. After

about 10 % of acetone had beeni added, the tempera-
ture of the solutioni was maintained in the range of
-4 to -20. After anl amoount of acetone equivalenit
to 0.6 volume had been added. the mixture was allowed
to stand in the bath for 30 minutes. The chilledi
mixture was then centrifuged at -50 for 30 minutes
at 13,000 X g. The supernatant was discarded and the
residue homogenized in batches in a Kontes glass
homogenizer with water (0.5 ml mercaptoethanol/
liter water). The homogenate was spun at 27,000 X
g for 30 minutes. The residue was washed a second
time with water and centrifuged and the residue
discarded.

3 anld 4. Annioihiutn Suilfatc Fraction1atio1ts.
Soli(d amnmioniiumii sulfate was added in batches with
conistant stirrinig to the clear extract obtained in stel)
2a from jack beani imieal or the supernatant obtained
after centrifugation in step 2b (if soaked seedls had
beeni used as the starting material) to the poinit of
65 % saturationi. The mixtuire was left at room
temiilperature for 30 to 45 miniutes and was theni cen-
trifuged at 13,000 X g for 30 miinutes. The super-
niatant was discarded and the precipitate was sus-
penided in water and dialyzed at 40 for 12 hours
against 14 liters of cold distille(d water conltaining
1 ml/liter mercaptoethanlol with 3 to 4 chaniges of
water durin,g this period. The dialyzates from the
dialysis bags were pooled anid centrifuged at 13,000 X
g for 30 miniutes. The residue was discarded and

Table I. Purification of Ureasc

Jack bean meal urease

Stages
1. Homogenate from

startinog material
(500 imeal)

2. a. Aqueous extract*
1). 0.6 vol acetone

p)recil)itation
3. 65 % (NH4)3SO4

fractionation
4. 55 % (NH4)2SO4

fractionation
5. 0.6 vol acetone

fractionation
followed by
solubilization

6. Crude crystals in
0.025 -m citrate
buffer, pH 6.0 with
0.3 svol acetone

7. Recrystallization
2 X

8. Eluate (ii) from
DEAE-cellulose
column (0.25 m
buffer)

* Extraction was done with distilled water containing 0.5 ml/liter mercaptoethanol.

Total
protein

inl g

Total
uiniits
X 10-

543.8
536.2

Yield

Specific
activity

ill unlits/niig
l)rotein

63.78

Soaked seeds
urease
specific
activity

in units/mg
lprotein

.12.3
100.0
98.6 8.4

18.0

20.1 60.7

32.8

26.68

15.73

2.73

0.35

0.25

0.14

89.4

534.1

521.0

407.9

187.2

165.4

164.8

98.19

95.79

75.0

34.43

30.32

30.31

149.2 117.1

541.1 681.2

651.2 719.6

1161.6 1189.9
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this tuinie soli(I armmonium stilfate xvas added to the
clear sulernatant at rooimi teml)erature inl batches to
the poinit of 55 % saturatiol. Genitle stirrinig w-as
mainitainied (lurinig the l)eriod animoniiumli sulfate Nwas
lheing added. A\fter leaving for about 30 miultites at
room temlperatture. the miiixture was centrifuged at
13,00)) X g for 30 miniutes. The precilitate obtained
oni cenltrifugationl was (lissolve(l in water and(Idialvzed
at 40 for 6 to 8 hours against 14 liters of water coIn-
taiming 0.1 % mercal)toethanol. During this p)eriod
2 to 3 chang-es of col(d ater w-ere ma(le. Solid
RH,'P() was ad(l(led to the dialvzate to imiake a N/15
solution (9.073 g/liter) anid cooled to about 10 before
proceeding to the niext step.

5. Acetoic Fractionation (anid Solitbilizationi (0.6
ol). This acetone fractioniation was carried out in
a miianniier similar to that in stel) 2b. If. howvever,
soake(d seeds wvere usedl as the startinlg material, soli-
bilization by water c ontainin-g inercalptoethallol did
not suffice. Further successive treatmiienlts foundfl
essenitial for solubilizin-g miore urease are shown in
table II. 'Usually 75 to 80 % of the enzyme ullits
wvere recovered. Silnce b)oth the y-ield anid specific
activity data wvith 0.6 volume acetonle were miiore
conlsistenlt than with 0.3 volume, the larger amiout
of acetone w as employed routinely an1(l treatmelnts i
ii aln(d iii (in table IT) were successively uise(d for
extractinig the l)recil)itate.

6 (ad ,. Cru(d, Cr(stals and Rcerxstallizationl.
Crtu(le crvstals were obtained bv the methlo(d of Douniice
(5). emllploving p)H 6.0. O.5 i citrate buffer (5 ml
for everx 100 mil of uirease solution) alnd cold acetone.
After adldinig the citrate buffer to the urease soltitioil
in the require(d amiiounit, pH of the solutioni was again
checkedl anid adjusted to 6.0 with citric acid or sodlium

Table II. Succcssiv Solubilization of U oilsC
F ractionatcd by .Acctonc Scconld

(NH4) S0 Step

citrate. Generally the l)rotein conicenltrationl at this
stage was abouit 1.0 to 2.0 . Col(d (-2()) acetone
((.3 vol) was added (lropwvise and(l the soluttioln wvas
ssubsequently kept at 1 to 20 for 6 to 8 hours. Crud(le
crvstals were collectedl oln celntrifuigilng for 30) minuiltes
at 27,000 X y, and (lissol-e(l in w-ater (25-30 mil)
conltaininig 1 ml/liter ot mercal)toethanol. 'I'he inisol-
uible miiaterial separate(l on celntrifgtiatioin wN-as (lis-
carded andCi the superinatanit was treate(l again as
above to recry-stallize urease at least ttwice.

8. DEAE-Celltlosc C0olionuiii and Concentration ot
1te E'luatc. The urease crystals (200-300 mg pro-

teinl), dissolve(d in 0.05; \i, pH 5.8 phosphate buffer,
usually having ani activity of 625 to 70)) units/nmi
lprotein, were poure(l on a DEA-E-cellulose coltlnln
equilibrated as (lescril)e(d above. It was ashed ith
0.05 Mf plhosI)hate buffer ( samiie as use(d for equili-
brating the coluiminii) till all the unadsorbed plrotein
was eltited. lhis fractioni ha(l no urease act ivitv.
Urease from the columni w%vas elute(d by 0.25 MI pth0o-
phate buffer. pH 5.8 containing both mercaptoethanol
(0.5 1)11/liter) and(I EDTA (500 mg/liter). Fractionis
of 3 to 5 ml wvere collecte(d and those comprising
the urease peak were tested individcually for specific
activity. Turbes showing the highest specific activitv
wvere pooled anl(l teste(d againi. Coincelntratioln was
effecte(d either by ammoniiumii sulfate precil)itation at
full saturation or bv dialvzing out the iinner soltutioin
againist soli(d suicrose. \When aminioniumin suilfate was
employed for conlceletrationi, about 10 % of the pro-
tein was lost and(i usually the specific activity also
fell by about 10 to 15. % conpl)ared with the eltiate.
With commllercial sugar (3-4 lbs/100 ml solutioni),
a 10 to 15-fold colncenitration cotil(l easily be obtained
in 7 to 10 hours at roomii temlperature or in the cold.
A maximum loss of onily 1 to 2 % proteini anid specific
activity was noted.

Results and Discussion

Acetone

( i ) \Vater
(ii) 0.005 -m citrate

pH 6.0
(iii ) 0.025 Nr citrate

p)H 6.0 + 1 %
mercaptoethaniol

Avg specific activity' *

Startinig with eqtual
precipitated w-ith 0.3
tonle. The precipita
stuccessively extractc
and (iii ) citrate pI:
tivity anld proteill c
each of the extract
culated for a total
\verage sp)ecific acti
hined superniataints fr
fractionatiovn.

Specific activity in units/mg blizYlile Prep(Ir-atioII. The procedure descril)edl
I)roteilln cani b)e tised for 1)oth full'y hYdrated see(ds andcl jack

1.3 vol 0.4 vol 0.5 vol 0.6 vol bean imieal. The vieldI obtained were consistently in
the rang-e of 25 to 33 % and( the sl)ecific activity134.0 89.8 52.7 88.3 t le1il, I'nt 5 hal eSell Cl'tusually 102.5 tuinits/milg protein. Use of 0.6 volume

245.1 106.9 99.8 106.9 acetone was founid to be essenitial for soaked seeds.
It was uinnecessary to heat the dialyzates at 500 after
(NH4)2SO4 fractioinationls (10).

162.5 159.6 114.0 198.1 Stability. It was found(I inecessarv to use FEDTA
153.1 104.3 64.1 114.7 (0.5 g/liter) alnd j.-nmercaptoetlhanol (0.5 ml/liter)
volumes of solution, urease xwas to preserve tirease actixity throughout the p)urification
0.4, 0.5 or 0.6 volumes of ace- p)rocedure. Specific activity ain(l yields were conisis-

Ltes obtainied in each case were teintly low if either of the reageints was omitte(l. TIn
cd with (i) water, (ii) citrate the absence of mercal)toethanol. urease aggregated,
is mercalptoethanol. Urease ac- became insoluble, anid wvas lost during the stages of
oJcentratioii were determined in centriftugation wvhere residues were routiniely discarde(d

sand specific activity was cal- aind supernatants kept. TI'his illght also be the reasonf 12 combinatioins.
ivity w-as calculatedl for tue coin for the l)oor yields obtained (miiaximumlu of ca. 10 %
roi step)s i to iii for eaclh acetonie xvhen Stumniiier's procedure (27) is followed.

S tarchl-gel iccetrophorcsis. Starch-gel electro-
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Table III. Sedimenttationt Coefficicett Valuies ini 0.01 M-0.02.5 At Phosphate Buiffer, pH 5.8
and Perceittage Proteint in Relationt to Increasing Specific Activity of Urease

Percentage Peak Ino.
purity S values

2.8

6.2
24.7
18.5
54.1
61.7
67.1
100.0***

1
(11-12)

Percentage areas under each peak
II III IV

(19-20) (24-26) (33-36)

99 traces of
19S

48 52
53 47
38 49
6 82
12 85
*-- 74
5 95

. . .

6
7
3

18

* 7 % of protein had an S value of approximately 4 in sample 4a and about 2 % in 4b.
** Samples 4b and 5b are the eluates from DEAE-cellulose column, whereas samples 4a and 5a refer to the

material poured over such columns.
*** As this was the most purified preparation, percentage purity in this case is arbitrari!y taken to be equal to 100.

Other figures in this columnl are calculated on that basis.

phoresis of urease of the highest purity (145 Sumner
units/mg protein) showed 2 peaks. Approximately
.5 to 10 % of the protein moved faster than the rest.
As the former peak could not be eluted quantitatively
and without denaturation it has not been ascertained
whether the fast-moving fraction was a form of
urease or a contaminant. Creeth and Nichol (4) also
concluded from the Rayleigh interferograms that not
more than 10 % of another resolvable electrophoretic
component was present in their preparations.

Amnino Acid Anialysis. In the present study,
urease obtained from fully imbibed seeds (144 Sumner
uniits/mg protein) was analyzed for amino acid com-

position. All 18 of the amino acids that conmmonly
occur in proteins were found in urease. Hanabusa
( 11 ) had indicated that tryptophan was either absent
or present in amounits too small to be detected by
paper chromatography. We found tryptophan to be
definitely present, though in small amounts. Our
data showed that trvptophan and cysteine +1/2 cys-

tine have the lowest number of residues per mole of
urease. Aspartyl and glutamyl residues, on the other
hand, are present in the largest proportions. This is
in agreement with Hanabusa's (11) conclusions.
Kinetic data for the destruction and release of each
amino acid at 24, 48 and 72 hours of protein hvdrolvsis
have to be obtained before the correct number of
residues per mole for each amino aci(l can be accui-

rately calculated.
,S'edimentationi Coefficicent Valiies. From the data

in table III it may be concluded that if urease was

less than 25 % pure (specific activity below 260
units/mg proteini, 38 to 99 % of the protein had S
values ranging between 11 and(i 12, while the remain-
(ler of the protein ha(l an S value between 19 and 20.
Earlier we have argued (21) that urease may exist
in 12 S form. With urease preparations having
specific activities ranging from .570 to 1030 units/mg
of protein (55-100 % purity), 75 to 95 % of the
protein had S values in the range of 19 to 20. All

of the material in sample 1 unider our experimiienital
conditions moved with ani apparent S value of 11 to
12. Also as the purfication proceeds, the majority
of the protein moves with an S value of 19 to 20
(sample 6). It is importanit to note, however, that
the percentage areas under none of the l)eaks corre-
spond with the percentage purity of the preparation.

Creeth and Nichol (4) who studied the chemical
interaction of urease samples having a range of spe-
cific activity from 10 to 80 Sumner units/mg protein
(70-570 International units) in buffer systems rang-
ing in pH from 6.1 to 8.8, observed 3 major com-
ponents in their preparations: S ,,w 18.8 to 21
(55-90 %), S2OW 28 to 31 (13-28 %), and the heav-
iest fraction having a S20W value of 36 to 40 (0-
10 %). Besides these 3 major components, they
observed a very slow moving boundary estimated to
have an S value within the range of 4 to 6 and still
another component at 12 S. In addition, they noted
that the relative areas under separate peaks varied
considerably. Their observations are thus extended
further in the present study. It is quite probable
that urease may have a 12 S form. Whether S values
of lower than 12 and those higher than 36 reported
in the literature represent active urease or urease as

it exists in the cell is uncertain. Also, the presence

of multiple peaks of ureease with S,ow values of 35 to
37 and 46 to 47 in crude extracts (14) remain.s to be
confirmed.

S2W values obtai ouedin our laboratory by sucrose
(leisity gradienit centrifugationi with crtu(le urease

preparations confirm the presence of anl active 12 S
urease peak (22) in jack bean. Further work oln its
characterization antl origini is in progress.
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