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ABSTRACT

Severd micro-scde chromatography-based poceduresfor purification of the B-gdadosidasefrom the
yeastKluyveomyces lactisvere assged. Puified énzyme was sitable to be used asrgigen to induce
polyclonal antibodies podudion. Spedic daining of non-denaturing PAGE gés with chromogenic
substrates dowedthe deermination of the number of suounits forming the native enzyme.

INTRODUCTION

The ladaseor B-gdadosdase(-D-gdadosde gdadohydrolase,EC 3.2.1.23) from Kluyvaomyces
lactis is an enzyme which has dtraded our dtention snceit represeits an essetial material to convert

the wade product deese ey into a sstrate valuable for biotechnology indudries(1). Our pevious
reseach focused on severa different aspeds about this enzyme such as production (2,3), immobili zation

(4), use of whole cdls as ctaytic ageits (5,6) and, more recently, releaseby autolytic mutants (7) in

order to reducethe st assciated to prepaation. As this reseach progressedthe needfor purified

Kluyveomyces lactif-gdadosidase arose, for example, to use it as atigen to induce speiic

antibodies. Therdore, we assged seerd purficaion proceduredooking for a quick and simple method

which allowed us to obtain enough purified enzyme inonly one step and minimizing as nuch as possble

the anount of crude etract needed.The bestresuts regading Kluyvaomyces lacti§-gdadosdase
purification have been published very recantly (8). Here we desgbe the methods in more deail and

comment briefly on some complementary aspets of the resuts which are not shown in the previous
article.

MATERIALS AND METHODS

Some of the methods here described in detaill were briefly related in references (7,8).

Prepaation of crude extract

The cdls cdturedin 11 of YPL (10 gl yeast &trad, 5 gl pefgone and 40 gl ladose)up to an Aeoonm Of
2 wereharveded by centrifugaion at 7000 rpn for 5 minutes at 4C and wased once with distilled
water. They were suspadedin 20 mM Tris-AH, pH 7.8, 300mM (NH4).SO:;, 10 mM MgCl,, 1 mM
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EDTA, 10% dycerl buffer with 0.1 mM PMSF 4 mM Pepsatin, 4 mM Leupepin and 2 uM [3-
Mercapoethanol and broken usng asonicaor at 16 microns for 20 minutes at 4C making 5 minutes
intervals dter eat 5 minutes exposure. C# debris was renoved by centrifugaion at 4Q000 rpm for 90
minutes at 4C. The supenatant, cdl-free etrad, was sored at-8C°C.

Purification of B-Galactosidase

Puification of the B-gdadosidaseof K. lactis srain NRRL-Y1140 from the piotein extract desabed
above and from a K. lactis commerda ladase prepateon, Maxilact LX-5000 (Gst Brocades,
France/The Netherlands), was peformed usng dfferent chromatography tedniques.All purification
steps were caried out at 4°C. The enzymatic adivity was assged in the fradions obtained from
chromatography. Active fradions werepooled and, when requred, @ncentrated by filtration in Amicon
Microcon-100 YM membranes.

Gel filtration chromatography. The FPLC Smart system from Pharmada was usedThe mlumn

Supepse 12 PC3.2/30 (2.4 ml) prepackd with Supeose 12, aighly crossdinked, 12% agasebased
medium, was equili brated and further eluted with 50 mM Sodium Phosphate, pH 7.0, 0.15 M NaCl.

Absorbance (280nm) was measuredon line. The dution rate was 40 ml/min and the eluate was
colleded in 0.1 ml aliquots. The column was cdibrated using the following noleaular weight standards
(Sigma Chemicd, USA): Jack Bea Urease 54000 Da fexamer) and 272000 Da (trimer) and Bovine
Serun Albumin 132000 Da (dmer) and 66000 Da (nonomer). The molecdar massof the native
protein was atrapolatedfrom a dot of the logarithm of the molecuar massversusthe dution volume.

lon-Exchange cliomatography. The FPLC Smart system from Pharmada was usedThe wlumn
Mono Q PC 16/5 (010 ml) prepacked wh Mono Q (Quatemary amino ehyl), a strong anion
exchanger based on abeaded hydrophilic polymer, was equili brated with 20 mM Trietanolamine, pH 7.5.
Proteins were &ited with alinear gradent of Nad from 0 to L0 M in 20 minutes at aflow rate of
100ml/min, and the duate was ollededin 0.1 ml diquots.

Affinity chromatography. The column with 5ml agarose-p-aminophenyl-3-D-thiogdadoside (Sigma
Chemicd, USA) was equili brated with 50 mM phosphate buffer, and the enzyme was eluted with 0.1 M
borate buffer, pH 10 (9).1ml diquots were olleded at aflow rate of 100 ml/min and pH was
neuralizedto avoid denaturation.

B-Galactosidase activity

B-Gdadosidase atvity was déemined by a modificaion of the method of Guarante (1983)(10). The
enzyme solution was incubated at 30°C for several minutes in 2.0 ml of Z-buffer (0.1 M Sodium
Phosphate, 10mM KCI, 1 mM MgSQ, and 50 mM 2- mercapoethanol, pH 7.0) with 440 ml of
orthonitrophenyl-3-D-gdadopyranoside (4 mg/ml). The readion was $oppedby addng 0.5 mlof 1 M
NaCO;. Rdeaséd o-nitrophenol (ONP) was measured spé&ophotometricdly at 420nm. The molar
extinction coefficient of o-nitrophenol under these conditions is 4.5x10° I.mol™'cmi* (11). One ezyme
unit (EVU) is ddined asthe quantity of enzyme that cdalyzesthe releaseof 1 pmol of ONP from
orthonitrophenyl-3-D-gdadopyranoside (ONPG) peminute under assga conditions.
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Protein detea mination

Protein concentration was determined acording to the procedue of Bradord (12) usng bovine seéum
albumin asthe gandard.

Pdyacrylamide gd dectrophoresis.Denaturing acylamide gés (10% plyactylamide gés) containing

sodium dodegyl sufate (SDS) were nuacording to the piocedureof Laeanmli (13), using a Bio-Rad

Mini Protean |1 apparatus. Protein samples were solubili zed by boiling for 5 min in2.5% SDS and 5% 2-

Mercapoethanol. Protein was concentrated in the geé with a voltage of 100V, then the voltage was
increasedto 150V and kept onstant for 2 hours. Gés were fixed in 12% trichloroaceic aad and

protein was stained with a nodified and nmore sensitive Coomasse brilli ant blue G-250 dye-binding

method (14). Moleaular weight was determined using a noleaular weight marker kit obtained from

Sigma Chemicd (USA), containing Réhbit Musde Myosin (205000 Da), E. coli B-gdadosidase
(116,000 Da), Rabhit Musde Phosphorylase b (97,000 Da), Rhbt Musde Fructose-6-fosphate

Kinase (84,000 Da), Bvine Serun Albumin (66,000 Da), Bvine Liver Qutamic Dehydrogenase
(55,000 Da), @icken Egg Ovoalbumin (45000 Da), Rabbit Musde Glycerddehyde-3-pghosphate

Dehydrogenase (3600 Da).

Native dedrophoress was pdormed at 2C, usng gradent gds (5-15%) vithout SDS.The molecuar
mass was xarapolated from a gdot of the logarithm of the molecdar mass versus the logarithm of the
percentage of polyaaylamide. The following dandards (Sigma Chemicd, USA) were used: bovine
serun abumin monomer and dmer (66000 and 132000 Da), ureastrimer and hexamer (272000 and
545000 Da).

When ddedion of (B-gdadosidase atvity was requred dter a non-denaturating eledrophoress
process,three different techniqueswere used.A) a non-fixed gé was punged in Z-buffer containing
ONPG (4 mg/ml) for several minutes at 30°C until a yellow band appeaed (15). B) the adive bands in
the native gds werealso stained following the technique of Erickson and Seers (16), usg 0.025 BNG
(6-bromo-2-naphthyl-B-D-gdadopyranoside) from Sigma Chemicd (USA) as sbstrate in 10%
methanol (v/v), 0.01 M Tris-AH (pH 7.4), 001 M Nad and 0.01 M MgCl,. The incubation time was
several minutes at room temperature, followed by 1 to 2 mnutes in 1 ny/ml diazo-blue B and the
appeaance of brown band indicated the presence of an enzymaticdly adive form of -gdadosidase.
The readion was soppedby rinsing in water and fixing the gé in 7.5% acéic add. C) An alternative
stain was used17), gdsto be gained wee dacedin substrate solution (5 mM methylumbellif eryl-3-D-
gdadoside, MUG, in 50 mM sodium phosphate buffer, pH 7.0) and incubated for 2 to 5h at oom
temperature. Gels were transferred to aUV transill uminator for visualization.

Immunologicd studies.

To obtain antiseum aganst K. lactis 3-gdadosidase BA\LB/c mice and a Cdifornian rabbit were used.
In the first case, BALB/c mice were intraperitonedly immunized with 0.2 ml of a 1:1 (v/v) mixture of

Freund’'s complete aguvant (FCA) and PBS ontaining 50ug of the K. lactis B-gdadosidase(Maxilact
LX-5000, Gist Brocades,France/The Netherlands). The same dosein 125 ml (but without FCA) was
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injeded via the retrobulbar venous plexus 21 days post-primary immunizaion. Mice were bled 14 days
post-secondary immunization and the sera was separated by centrifugation at 2,000gfor 10 min., mixed
1:1 (v/v) with glyceml and dored at -20C until use.

In the seond case, angmary doseof 50 pg of the K lactis 3-gdadosidase 124 kD&and cutout from
denaturing PAGE geés and emulsifiedin Freund’s complete aduvant was administered subcutaneoudy at
multiple sites in a hedthy Californian rabhit of 2-3 kg body weight. The rabbit was given a booster
injedion after 8-10 weeks (5Qg of the sane band but dedroelutedfrom the ge). Two weeks #er the
seond booster dose, the aiimal was bled and antiseum was o©lleded. Seum was sepated by
centrifugdion at 5000gfor 5 minutes,mixed 1:1 wth glyceml and dored at -20C until use.

To avoid seonday readions, atisea, both from mice and rabhit, were adsrbed 24hours at 4C 1:1
(v/v) with a qude poteic extract obtained as desded dove by sonicd disruption of K. lactis
B-gdadosidase dficient cdls (MW-190-9B srain, from Dr. Wéslowski-Louvel’s colledion) cultured
in YPD (10 g/l yeast extrad, 5 g/l peptone and 20 g/l glucose). Both antisera showed a smilar band
pattern in western dots.

Seologicd readion between enzyme and antiseum was déermined by Ouditerlony immunodiffusion
method (18) usng 1% agamsein 0.2M Tris-AH, pH 83, 3% PEG 6000r@ 0.01% ®dium azde.

Enzyme-inked immunosorbent assay (EL1SA)

Indirect ELISA was caried out as destbedin Iglesas et a. (19). Extrads containing -gdadosidase
were bound to PVC microtitre plates (0.5-2ug of protein/well) in 100 ml/well of cabonate-bicahbonate
buffer (pH 96) ovemight at £C. Hates werethen wased threetimes wth TBS (50mM Tris, Q15 M
NaCl; pH 7.4) and blocked for two hours a 37°C with 5% solution of non-fat dry milk in TBS
containing 0.2% Tween 20 (TBS-Twean). The dates wereincubated for two hours at 37°C with the
test sera diluted in TBS-Tween containing 1% non-fat dry milk, washed with TBS containing 0.05%
Tween (5x5 minutes) ad incubated for one hour at 3PC with peloxidase-onjugaed rdhbit anti-mouse
immunoglobulin (1g) polyclona antibody (Dakopatts A/S, Glostrup, Denmark) diluted in TBS-Tween
containing 3% polyethylene glycol 6000. The dates werethen wased with TBS (55 minutes), then
100 ml of substrate containing 0.04% o-phenylenedamine (Sgma Chemicd, USA) and 0.001%
hydrogen peroxide in phosphate-dtrate buffer (pH 50) was addedThe readion was stopped after 20
minutesby addng 25 ml of 3 N sufuric agd. Ogicd density at 492nm wasmeasurecbn a microtitre
plate reader Titertek Multisken, Labsystems, Finland).

Immunobloting

Following dedrophoress, gdés wee dedotransferred onto a nitrocdlulose membrane at a constant
voltage of 15 V for one hour and immunostained. The membrane was washed with TBS (50 mM Tris,
0.15 M Nag@, pH 7.4) gained with Ponceau So verify transfer, then dried and blocked ovemight at 4°C
with TBS containing 0.2% Twee-20 and 5% non-fat dry milk, and finally incubated 2 hours with a
1:500 dution of mouseimmune serum or 1:250 of rabhit immune serum. Membrane was washed with
TBS containing 0.2% Twea-20 and incubated with a 1:1600 dution of peloxidase-onjugaed rdhit
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anti-mouse Ig (Dakopats, Denmark) or 1:2000 of peioxidase-onjugaed grat anti-rabhit Ig (Sgma
ImmunoChemicds, USA), respedively. The imnunoreadant bands wee gained by addng TBS
containing 0.003% HO,, 0.06% daminobenzidine tetrahydrochloride and 0.03% NCI, . The readion
was soppedby thorough wasing in TBS.

RESULTS AND DISCUSSION

The puification of -gdadosidasefrom a cude potein extract from K. lactis srain NRRL-Y 1140 by
gd filtration chromatography on Supeose 12 PC 2/30 resited in a puificaion fador of 1.8-fold
having an overdl yield, basedon total enzyme uwnits, of about 50 %.The purficaion fador readed 23-
fold when this technique was apped to patialy puified etrads. Repesetative diromatograms ae
shown in figure 1.
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Figure 1: Profiles of B-Gadadosidase ativity and protein obtained dter gé filtration. (A)
Chromatography of 2.4 mg of a crude etractfrom K. lactis. (B) Chromatography of 3 mg of partially
purified extrads from Maxilact LX-5000.The pofile of molecuar waght sandards use for cdibration
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are showed. Absorbance values of standardsare multiplied by 100. Fradion showing the peakof
maximum ladase ativity was eimated to correspnd to amolecdar weght of 250 kDa in the crude
extract and 260 kDain Maxilact LX-5000.

lon-exchange chromatography turned out to be less &edive than gd filtration. When it was apped, as
descibed in the Maerids and Methods setion, both to the adive fradions pooled from gd filtration
chromatography of a crude yeastprotein extract and dredly to the Maxilact LX-5000 prepat#on, a
purificaion fador of 1.6-fold wasobtained. Yield, basedin remvered @zyme wnits, reabed 8%in the
first case ad 33%in the seond one. metimes a kght redudion in spedfic adivity wasobseaved, it
was due to unknown rea®ns and probably related to enzyme denaturaion produced duing the
chromatography process. Another wnexplained resut was that when this technique was usel both
diredly with the crude potein extract or with the adive fradions poled from the gd filtration
chromatography, enzyme adivity profiles repededy showed two peaks, \wereas vinen Maxilact LX-
5000 was usednly one peakof adivity wasobsewned (Figure 2)
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Figure 2: Profiles of B-Gdadosidas adivity and protein obtained dter ion-exchange dromatography.
(A) Profile of 24 mg of a crude gtract from K. lactis. (B) Chromatograghy of 0.6 mg of adive
fradions pooled from gd filtration of a crudeyeast potein extrad. (C) Chromatograpy of 2.4 mg
protein of Maxilact LX-5000.

The FPLC gistems dow the adiantage that poteins may be puified from low quantities of crude
prepaations if comparedto tradtional higher-scde dromatography systems. For instance, in this study,
about 7 mg of total protein in the crude gtract were aough for a purficaion processincluding two gel
filtration steps,one ion-exchange ¢ep ad one dtrafiltration sep. An 11-fold puificaion fador was
adiieved dter the whole process(Table 1 of reference §. Although this puificaion fador may seem
low, it is in acordance wth the aitibodiesreadivity showed by a qude potein extract versusthe
purified enzyme and, moreover, the spedic adivity wasvery high (8).

Affinity chromatograghy on the substrate-anadlogue aganse-p-aninophenyl-B-D-thiogdadoside was
also assged for B-gdadosidase puficaion both from crude K. lactis protein extrads and from
Maxilact LX-5000. A represetative chromatogram has been shown in the previous aticle (8). The
purification fador was 25 and 21-fold, respetively. Therdore, we onsider this technique more
effedive than ead single ge filtration and ion-exchange dromatography step. Moreover, the affinity
purified B-gdadosidaseturned out to be homogeneousin denaturing polyaailamide gé eedrophoress
and western-blotting analysis (Figure 3A). A main band with an approximate moleaular weight of 124
kDa wasobseaved.

Sometimes, other additional bands of smaller moleaular weight were also present, more notoriously in
the caseof Maxilact LX-5000, ad are pobably attributable to B-gdadosidase degradin produds;
their intengity increasd when the 124 kDaband decreasednd they were dso deeded in Wedern
blotting analysis with the anti-K.lactis-3-gdadosidase atibodies (both with rabhbit and with mouse
antisad). This occured for the three puificaion techniques enployedin this work. In fad, one of the
major difficulties encountered in the purifi cation was the increasing instability of the enzyme during the
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different purification steps, ad dso for the puified eizyme even if it was $oredin a buffer cmntaining
glycemol.

Rdatively high amounts of enzyme (40-80pg of purified protein) were neededin order to deect the
adive band dter dedrophoress on a 515% nondenaturing acylamide gé. In this case3-gdadosidase
purified from Maxilact LX-5000 was usedAs has been previoudy descibed (8) among the several
Coomasse brilli ant blue-staining bands observed, only the one with an estimated noleaular weight
correspnding to the tetrameric form dways $iowed eizyme adivity on an identicd unstained native gel
incubated with the dromogenic sibstrates ONPGdaa not shown) or BNG (Figure 3B). Bands d$ained
with ONPG wee more intense, but dso less &able after storage, than those obtained with the BNG
solution. In our hands, the technique usng MUG as sbistrate wasless sesitive than the other ones and
did not show adive kands.

A B

kDa 1 2 3 123 kDa 1 2 3
205 = 1 545 am <
116 = e B
- 272=
55 = o

36 =

132e=

Figure 3: SDS-PAGE (left) and immunoblotting (right) of purified B-Gdadosidasefrom K. lactis (A).
B-Galadosidase is ndicated by an arrow. Western-blot was incubated with mouse immune serum. Lane
1: 75 g of a crude gtract from K. lactis; lane 2: Moleaular weight markers; lane 3. 5 ug of (-
gdadosidase from K. lactis purfied by &ffinity chromatography. (B) Eledrophoress on a non-
denaturing gradient gel (5-15%) stained with ONPG and later Coomasse billi ant blue G250 (eft) and
with BNG (right). Bands with B-Gdadosidase ativity are indicated by higher arows. Different forms
of B-Gdadosdase ee $own by smaler arows. Dfferent concentrations of B-Gdadosidasefrom
Maxilact LX-5000 werdoaded. Lae 1:20ug; lane 2:40ug; lane 3:80ug.

Polyclonal anti-K.lactis-B-gdadosidag antibodies wee pepaed. Speiicity of these atibodies was
teded by ELISA (Figure 4. Seondary non-spedfic readions wae consdered nedigible. The most
outstanding results concerning the immunologicd charaderizaion of K. lactis B-gdadosidasehave been
discussedn the previous paper (8).
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Figure 4: Resuts of crossreadivity obtainedin the ELISA peaformed wth the spedic anti K.lactis [3-
gdadosidase atibodies preparedn this work (red bars) versis (A) a crude potein extract of the
K.lactis B-gdadosdase dBcient srain MW-190-9B, (B)a crude protein extract of K.lactis NRRL-
Y1140, (C) puified Mailact LX-5000 (-galadosidase, (D) partialy purified K. fragilis (-
gdadosidase,(E) Aspeqgillus niger B-gdadosdase,(F) bovine liver B-gdadosidase,(G) Escherichia
coli B-gdadosidase Blue bars ae oontrols of absence of readivity when the seum of a non-immunized
mouse was useihsteadof the spedic anti K.lactis B-gdadosidas antibodies. Yellow bars ae wntrols
of absance of readivity when these pimary antibodies ae not added.

Therefore, wemay concludethat the puification procedues assged in this work, which are eag and
need snal amounts of crude etrad, dlowed s to obtain enough purified K.lactis B-gdadosidasefor
several uses, for example, aitigen to induce atibodies. mpaing these tedhniques, #&inity
chromatography gave the highest puification fador athough gd filtration in the FPLC g/stem has
demonstrated to be fader (ead run takes &out 1 hour whereas edg affinity chromatography run takes
about 8 hours) and very accuréae and repodudble. lon-exchange dromatograpy is the fagest
procedue (ead run takes @out half an hour) but puification fador is lower than with the other two
tedniques.
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