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ABSTRACT

Severd micro-scde chromatography-based poceduresfor purification of the B-gdadosidasefrom the
yeastKluyvaomyces lactisvere assged. Puified enzyme 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 atention sinceit 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 detail 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% glyceol buffer with 0.1 mM PMSF, 4 mM Pefin, 4 mM Leupeptin and 2M [3-
Mercaptoethaol andbroken usg asonicatorat 16 microns for 20 minutes at 4°C making 5 minutes
intervals after each 5 minutes exposure. Cell delias renoved by centfugation at 40,000 m for 90
minutes at 4°C. The supernatant, cell-free extract, was stored at -80°C.

Purification of B-Galactosidase

Puification of the-galactoglase ofK. lactis srain NRRL-Y1140 fom the potein extract desiryed
above and tim a K. lactis commer@l lactase preparation, M#act LX-5000 (Qdst Brocades,
Francel he Netherlands), was performed using different chraogaaphy techniques. All purification
stepswere carriedout at 4°C. The enzymatic activity was assayed in the fractions obtained from
chromaography.Active fractionswerepooledand, when required, concentrated by filba in Amicon
Microcon-100 YM menbranes.

Gel filtration chromatography. The FPLC Smart system from larmacia was used. The coin
Supepsel2 PC 3.2/30(2.4 ml) prepackedvith Supeose 12, a highly ossilinked, 12% agarsebased
medum, was equilibratedand further elited with 50 mM Sodim Phosphate, pH 7.0, 0.15 M NaCl.
Absorbance (280 nm) was measured on line. The elutiv@ was 40 ml/min and the eluate was
collectedin 0.1 ml aliquots. The column was calibrated using the following molecular weight standards
(Sigma Chemical, USA): Jack Bean Urease 545,000 @&mer)and272,000Da (trimer) andBovine

Serun Albumin 132,000Da (dmer) and 66,000 Danfonomer). The molecular mass of thdivea
protein was extrapolated from a plot of the logarithm of the molecular mass versus the elutien volu

lon-Exchange chranatography. The FPLC #&art system from Rarmacia was used. The coln
Mono Q PC 1.6/5 (A0ml) prepacked with Mono Q (Quamary amino ethyl),a strong anion
exchanger based on a beadedrbaphilic polymer, was equilibrated with 20 mMidtanolamine, pH.5.
Proteins were eluted with a linear gragieof NaCl fom 0 to 1.0 M in 20 minutes at a flowteaof
100 mlMmin, and the eluate was collected in 0.1 ml aliquots.

Affinity ¢ hromatography. The column with 5nl agarose-p-aminophenytD-thiogalactogle (Sgma
Chemical,USA) wasequilibratedwith 50 mM phosphate budfr, and the enzyme was eluted with 0.1 M
borae bufer, pH 10 (9). Iml aliguots were collected at a flowteaof 100ml/min and pH was
neutrdized to avoid dertarration.

B-Galactosidase activity

B-Galactoglase activity was deterined by a modification of themethod of Guarantg1983)(10). The
enzyme soluton was incubated at 30°C for several minutes in @l0of Z-bufer (0.1 M Sodim
Phosphate, 10 mM KC1 mM MgSQ, and 50 mM 2- mercaptoethal, pH 7.0) with 440nl of
orthonirophenylf3-D-galactogranosde (4 mgiml). The reaction was stopped by adding lf 1 M
NaCO;. Rdeasedo-nitrophenol (ONP) was measured spedphotometically at 420 nm. The molar
extindion coefficient of onitrophenol under theseondtions is 4.5x1G l.mol*cmi* (11). One enzyme
unit (EU) is defined as the quantity of enzyme that catalyzes thasee of 1umol of ONP from
orthonirophenylf3-D-galactogranosde (ONPG) per minute under assay doods.
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Protein detamination

Protein concentration wadetemined accormhg to the procedure of Bradford (12) using bovine serum
albumin as the standard.

Payacrylamide gel electophoresis. Denauring aclylamide gels (10% polyaglamide gels)containing
sodium dodecyl sulfate (SDS) werenraccorihg to the pocedure of Laamli (13), usinga Bio-Rad

Mini Protean Il apparatus. Protein samples were solubilized by boiling for 5 min in 2.5% SDS and 5% 2-
Mercaptoethaol. Protein wasconcentratedn the gel with a voltage of 100V, then the voltage was
increased to 150V and kept ctamt for 2 hours. Gelsvere fixed in 12% trichloroacetic acid and
protein was stained with a modified and more sensitive Coomassie brilliant blue G-2bhdiyg-
method (14). Molecular weight was determined using a molecular weight marker kit obtained from
Sigma Chemical (USA), containing Pt Musde Myosn (205,000 Da),E. colip-galactoglase
(116,000 Da), Rabbit Musde Phosphoylase b (97,000 Da), Rait Musde Fructose-6-poshae
Kinase (84,000 Da), Bvine Serm Albumin (66,000 Da), Bvine Liver Glutamic Dehydvgenase
(55,000 Da), @Gicken Egg Ovolaumin (45,000Da), Rabbit Musde Glyceraldehyde-34poshae
Dehydiogenase (36,000 Da).

Native electophores was peiormed at 4°C, usg gradiet gels (5-15%) without SDI.he molecular
mass was extrapolated from a plot of the logarithm ofmb&cularmassversusthe logarithm of the
percentage of polyacrylamide. The following standardgni® Chemical, U8) were used:bovine
serum albumin monomer and dimer (66,000 and 132,000 Da), aremser and hexamer (272,000and
545,000 Da).

When detection of3-galactoglase activity was required after a non-derating electrophoresis
process,threedifferent techniquesvere used. A) a norixed gel was plunged in Buffer containing
ONPG (4 mg/ml) for severaminutesat 30°C until a yellow band appeared (15). B) the active bands in
the naive gelswerealsogainad following the technique of katkson and Steers (16), ing 0.025 BNG
(6-bromo-2-napthyl-3-D-galactogranosde) from Sgma Chemical (U8) as subgate in 10%
methanol ¢/v), 0.01 M Tis-CH (pH 7.4), 0.0IM Nad and0.01 M MgCkL. The incubation time was
severalminutesat room temperaturefollowed by 1 to 2 minutes in 1 mg/ml diazo-blue B and the
appearance of brawband indicated the presence of an enzyradly active form of -galactoglase.
The reaction was stopped by mgsin water and fixing the gel in 7.5% aceticid. C) An alternative
stain was used (17), gels to be stained were placed itrateis®luion (5 mM methylumbéiferyl- 3-D-
galactogle, MUG, in 50 mM @dium phosphate Hifer, pH 7.0) and inculted for 2 to 5h ataom
temperature. Gels were tramsed to a UV transilluminator forsualization.

Immunological studies.

To obtain antiserm againsiK. lactis 3-galactoglase BALB/c mice and a Californian rabbit were used.
In the first case, BALB/c mice were intraperitoneally immunized withn@.2f a 1:1 (v/v) mixture of
Freunds comgete adjwant (FCA) and PBS containing 5@y of theK. lactis 3-galactoglase (Maxilact
LX-5000, Gist BrocadesFrance/TheNethetands). The sae dose in 125l (but without F&\) was
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injectedvia the retrobulbar venous plexus 21 days post-primary immunization. Mice were bled 14 days
post-secondary immunization and the sera segmratedby centrifugationat 2,000g for 10 min., mixed
1:1 (v/v) with glycewol and sored at -20°C until use.

In the second case, a primalose of 5Qug of theK lactis Fgalactoglase 124 kDa el cut outfrom
denduring PAGE gels and emulsified in Freundsmgete adjuwant wasadminigered subcutaneously at
multiple sites in a healthy Californian rabbit of 8 body weight.The rabbit was given a booster
injection after 8-10 weeks (50 of the same Il but electroeluted from the gel). Two weeks after the
secondbooger dose, the animal was bled and antiserwas collected. Semu was separated by
centifugation at 5,000g for 5 minutes, mixed 1:1 with glydemd sored at -20°C until use.

To avoid secondary reactions, antisera, both from mice abblitravere adsorbed 24 hours at 4°C 1:1
(v/v) with a crude proteic extract obtad as described above by sonical disruptiorKoflactis
B—galactolase deffient cells (MW-190-9B ¢rain, from Dr. Wélowski-Louvel's collection) cultured

in YPD (10 g/l yeastextract,5 g/l peptone and 20 g/l glucose). Both antisera showed a similar band
pattern in western blots.

Seological reaction bgveen enzyme and antisenuvas detemined by Ouchtdony immunodifision
method (18) ukg 1% agamse in 0.2M Tis-CIH, pH 8.3, 3% PEG 6000 and 0.01%dsim azide.

Enzyme-linked immunosabent assay (ELISA)

Indirect ELUSA was carried out as described ifejaset al. (19). Extractscontaining(3-galactoglase
were boud to P\C microtitre pgates (0.5-2ug of protein/well) in 100ml/well of cabonae-bicabonae
buffer (pH 9.6) ovenight at 4°C. Rtes were then washed three times with TBS (50 mis] Ur15 M
NaCl; pH 7.4) and bicked for two hours at 37°C thi 5% soluton of non-fatdry milk in TBS
containing0.2% Tween 20TBS-Tween). The plates were incued for two hours at 37 °C with the
test sera diluted in TBS-Tween coniag 1% non-fat dry milkkwashedwith TBS contaning 0.05%
Tween (%5 minutes) and incubad for one hour at 37°C with patidase-onjugated rhbit antimouse
immunoglobulin (Ig) polyclonal antibody (Dakopatts A/S, Glostrup, Denmdilijed in TBS-Tween
containing3% polyethylae glycol 6000. The plates were then wed with TBS (%5 minutes), then
100ml of subdrate containing 0.04% o-phenylenedine (Sgma Chemical, USA) and0.001%
hydrogen peoxide in phosphate-citrate tier (pH 5.0) was added. Theaction wasstoppedafter 20
minutesby adding25ml of 3 N sufuric acid. Optical denty at 492 nm was measured on a Iwitre
plate readerTitertek Multiskan, Lésystems, Finland).

Immunobloting

Following electrophoresis, gels were electoff@red onto a nitrocellose membrane at a congant
voltage of 15 V for one hour and immunos&d. The membrane was washethwiBS (50 mM Tris,
0.15 M NaCl, pH 7.4) stained wittbRceau S to vdy transfer, then ded and blocke@vemight at 4°C
with TBS contaning 0.2% Tween-20 and 5% non-fat dry milk, and finally incubated 2 houts awi
1:500 dilution of mousémmune serum or 1:250 oflyait immune serum. Membrane was washed with
TBS containing0.2% Tween-20andincubded with a 1:1600 dikion of peoxidase-onjugated rhbit
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anti-mouselg (Dakopats,Denmark) or 1:2000 of pexidase-onjugated goat anti-bbit Ig (Sgma
ImmunoChemicals, USA), respectively. The immunoreactant bands were stginadding TBS
containing 0.003% kD,, 0.06% diaminobenzidine ttahydiochloide and 0.03% NiGl. Thereaction
was sopped by thasugh waking in TBS.

RESULTS AND DISCUSSION

The puification of B-galactoglase from a crude protein extrdodm K. lactis sran NRRL-Y 1140 by
gel filtration chiomaography on Supese 12 PC 3.2/30 rdged in a puffication factor of 1.8fold
having an overall yield, based on tbenzyme units, of about 50 %. The fioation factor reached 2.3-

fold when this technique was applied to pdlstipurified extracts. Represenitge chromaograms are
shown in figure 1.
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Figure 1: Profiles of B-Galactoglase activity and protein olmad after gel filtréion. (A)

Chroméaography of 2.4 mg of a crude extraarfi K. lactis (B) Chromatography of 3 mg of partially
purified extracts fom Maxilact LX-5000. The pofile of molecular weigt gandards usetbr calibréion
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are showed. Absorbancevaues of dandardsare mitiplied by 100. Fraction l®wing the peak of
maximum lactase activity was &sated to correspnd to a molecular welig of 250kDa in the crude
extract and 260 kDa in Madact LX-5000.

lon-exchangehromatography tmedout to be less effective than gel filtration. When it was applied, as
describedn the Materials and Methods section, both to the active fractions pooled from gel filtration
chromaography of acrudeyeastprotein extract and directly to the Mkact LX-5000 preparation, a
purification factorof 1.6fold was obtaed. Yield, based in recovered enzyme units, reached 8% in the
first case and 33% in the second onem8times a sligt reduction in specific activity was observed, it
was due to unknown reasns and prbably réated to enzyme detwaion produced dung the
chromdography process. Another unexplained result was that when this techwéguased both
directly with the crude mtein extract or with the active fractions poolednr the gel filtration
chromatographyenzyme activity profilesepeatedly showed two peaks, whereas when Maxilact LX-
5000 was used, only one peak of activity was olesHFigure 2)
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Figure 2: Profiles of3-Galactoglaseactivity andprotein obtaed after ion-exchange chrotography.
(A) Profile of 2.4 mg of a crude extractofm K. lactis. (B) Chromaography of 0.6 mg of active
fractions pooledfrom gel filtraion of a crude yeast ptein extract. (C) Clamaography of 2.4 mg
protein of Malact LX-5000.

The FPLC systems show the advantage that proteins may be purified froquémtitiesof crude
preparations if compared to traditional higher-scale chromatography systems. For instancstudythis
about7 mg of totd protein in the crude extract were enough for afipation process including two gel
filtration steps,oneion-exchange step and one ultrafiltration step. Adfold purification factor was
achieved after the whole process (Table 1 démence 8). Although this purification factonay seem
low, it is in accordance with the antibodies-reactivity showed by a crude protein esracsthe
purified enzyme and, mooger, the specific activity was mehigh (8.

Affinity chromaography on thesubsrate-analogueaganse-p-aminopenyl-B-D-thiogalactogle was
also assayed fdi-galactoglase purification both from crudK. lactis protein extracts and from
Maxilact LX-5000. A representive chromaogram has beerhewn in the previous &icle (8). The
purification factor was 2.5 and 2.feld, respectively. Therefore, we cdaexr this technique more
effective than each sifgygel filtration and ion-exchange chromatography skdpreover,the affinity
purified B-galactoglase tuned out to be homogeneous in denagupolyacrilamide gel electrophoresis
and western-blotting analysis (Figure 3A). A main band waitfapproximatemolecularweight of 124
kDa was observed.

Sometimesptheradditional band®f smallermolecularweight were also present, more notoriously in
the case of Malact LX-5000, and are pbably attibutableto B-galactoglase degradation pducts;

their intengty increasedwhen thel24 kDa bad decreased and they were also detected ineWies
blotting analysis with the ank-lactisf3-galactoglase antibodies (both with bkit and with mouse
antiserq. This occurred for the three purification techniques employed in this work. lrofaef the

major difficulties encountered in the purification was the increasing instability of the enzyme during the
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different purification steps, and also for the purified enzyme even if it was stored fieracbutaining
glycenol.

Rdatively high amounts of enzyme (40-8Qg of puified protein) were needed in order to detect the
activeband after electrophoresis on a 5-15% nondenaturing acrylamide gel. In th[$-galsetoglase
purified from Maxilact LX-5000 was used. As has been previpuescibed (8) among the several
Coomassiebrilliant blue-stainingbandsobserved, only the one with an estimated molecular weight
corresponding to the tetrameric form always showed enzyme activity on an identical unsiaireedel
incubatedwith the chromogenic sutvates ONPG (data not shoywvor BNG (Figure 3B). Bands stained
with ONPG were more intense, but also less stable stiteage,than thos obtainedwith the BNG
solution. In our hands, thetechniqueusingMUG as subisate was less satige than the other ones and
did not show active bands.
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Figure 3: SDS-PAGE @ft) and immunolatting (right) of purified3-Galactoglase fronK. lactis (A).
B-Galactosidase is indicated by an arrow. Western-blotincadatedwith mouseimmuneserum.Lane

1: 75 ug of a crude extract dm K. lactis lane 2: Molecular weight markers; lane 3:u§ of -
galactoglase fromK. lactis punfied by affinity chromaography. (B) Electsphoresis on a non-
denaturing gradient gel (5-15%) stained with ONPG and later Coomassie Holliar®250 (eft) and
with BNG (right). Bands with3-Galactoglase activity are indicated by higher arrows. Different forms
of B-Galactoglase are shomv by smaller arrows. Differentoncentrationsof B-Galactoglase from
Maxilact LX-5000 were loaded. loe 1:20ug; lane 2:40ug; lane 3:80ug.

Polyclonal antiK.lactis--galactoglaseantibodies were prepared. Specificity of these antibodies was
tested by ELSA (Figure 4). Secondary non-specific reactions were idered negligble. The most
outstanding results concerning the immunological characterizatidnlactis 3-galactoglase have been
discussed in the previous paper (8).
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Figure 4: Results of cross-reactivity obtained in thel&A performed with the specific arii.lactis -
galactoglase antibodies prepared in th®rk (red bars) versus(A) a crude potein extract of the
K.lactis B-galactoglase deficient tsain MW-190-9B, (B) acrude protein extractof K.lactis NRRL-
Y1140, (C) pulfied Maxilact LX-5000 (-galactosidase, (D) partially purifieK. fragilis (-
galactoglase, (E)Aspegillus niger B-galactoglase, (F) bovine livep-galactoglase, (G)Escherichia
coli B-galactoglase.Blue bars are controls of absence of reactivity when thensefa nonimmunized
mouse was used instead of the specific laréictis B-galactoglaseantibodies.Yellow bars are controls
of absence of reactivity when these pmynantibodies are not added.

Therefore, we macondude that the purification procedures assayed in this work,hvdrie easy and

need small amais of crude extract, allowed ts obtan enough purifid K.lactis 3-galactoglase for

several uses, for example, antigen to induce antibodies. Comparing these techniques, affinity
chromaography gavethe highest purification factor although gel fiticm in the FPLC system has
demongratedto be faster (each nutakes about 1 hour whereas each affinity chtography run takes

about 8 hours) and very accurde and reprducible. bn-exchange cbmaography is the fastest
procedure (each rutakes about Hfaan hour) but purification factor i®wer than with theothertwo
techniques.
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